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Part I - Foundations

Part I consists of two chapters that lay the foundation for a successful and productive journey through the JFC Swing

class library. The first begins with a brief overview of what Swing is and an introduction to its architecture. The second

builds up into a detailed discussion of the key mechanisms underlying Swing, and how to interact with them. There are

several sections on topics that are fairly advanced, such as multithreading and painting. This material is central to many

areas of Swing and by introducing it in chapter 2, your understanding of what is to come will be significantly enhanced.

We expect that you will want to refer back to this chapter quite often, and in several places we explicitly refer you to it

in the text. At the very least, it is recommended that you know what chapter 2 contains before moving on.

Chapter 1. Swing Overview

In this chapter:

• AWT

• Swing

• MVC

• UI delegates and PLAF

1.1AWT

AWT (the Abstract Window Toolkit) is the part of Java designed for creating user interfaces and painting graphics and

images. It is a set of classes intended to provide everything a developer requires in order to create a graphical interface

for any Java applet or application. Most AWT components are derived from the java.awt.Component class as

figure 1.1 illustrates. (Note that AWT menu bars and menu bar items do not fit within the Component hierarchy.)

Figure 1.1 PartialCom ponenthierarchy
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The Java Foundation Classes consist of five major parts: AWT, Swing, Accessibility, Java 2D, and Drag and Drop. Java

2D has become an integral part of AWT, Swing is built on top of AWT, and Accessibility support is built into Swing.



The five parts of JFC are certainly not mutually exclusive, and Swing is expected to merge more deeply with AWT in

future versions of Java. The Drag and Drop API was far from mature at the time of this writing but we expect this

technology to integrate further with Swing and AWT in the near future. Thus, AWT is at the core of JFC, which in turn

makes it one of the most important libraries in Java 2.

1.2Swing

Swing is a large set of components ranging from the very simple, such as labels, to the very complex, such as tables,

trees, and styled text documents. Almost all Swing components are derived from a single parent called JComponent

which extends the AWT Container class. Thus, Swing is best described as a layer on top of AWT rather than a

replacement for it. Figure 1.2 shows a partial JComponent hierarchy. If you compare this with the AWT Component

heirarchy of figure 1.1 you will notice that for each AWT component there is a Swing equivalent with prefix “J”. The

only exception to this is the AWT Canvas class, for which JComponent, JLabel, or JPanel can be used as a

replacement (in section 2.8 we discuss this in detail). You will also notice many Swing classes with no AWT

counterparts.

Figure 1.2 represents only a small fraction of the Swing library, but this fraction consists of the classes you will be

dealing with most. The rest of Swing exists to provide extensive support and customization capabilities for the

components these classes define.

Figure 1.2 PartialJCom ponenthierarchy
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1.2.1 Z-order

Swing components are referred to as lightweights while AWT components are referred to as heavyweights. The

difference between lightweight and heavyweight components is z-order: the notion of depth or layering. Each

heavyweight component occupies its own z-order layer. All lightweight components are contained inside heavyweight

components and maintain their own layering scheme defined by Swing. When we place a heavyweight inside another

heavyweight container it will, by definition, overlap all lightweights in that container.

What this ultimately means is that we should avoid using both heavyweight and lightweight components in the same

container whenever possible. This does not mean that we can never mix AWT and Swing components successfully. It

just means we have to be careful and know which situations are safe and which are not. Since we probably won’t be

able to completely eliminate the use of heavyweight components anytime soon, we have to find ways to make the two

technologies work together in an acceptable way.

The most important rule to follow is that we should never place heavyweight components inside lightweight containers

that commonly support overlapping children. Some examples of these containers are JInternalFrame,

JScrollPane, JLayeredPane, and JDesktopPane. Secondly, if we use a popup menu in a container holding a

heavyweight component, we need to force that popup to be heavyweight. To control this for a specific JPopupMenu

instance we can use its setLightWeightPopupEnabled() method.

Note: For JMenus (which use JPopupMenus to display their contents) we first have to use the getPopupMenu() method

to retrieve the associated popup menu. Once retrieved we can then call setLightWeightPopupEnabled(false)

on that popup to enforce heavyweight functionality. This needs to be done with each JMenu in our application,

including menus contained within menus, etc.

Alternatively we can call JPopupMenu’s static setDefaultLightWeightPopupEnabled() method, and pass it a 

value of false to force all popups in a Java session to be heavyweight. Note that this will only affect popup menus

created after this call is made. It is therefore a good idea to call this method early within initialization.

1.2.2 Platform independence

The most remarkable thing about Swing components is that they are written in 100% Java and do not depend on peer

components, as most AWT components do. This means that a Swing button or text area will look and function identically

on Macintosh, Solaris, Linux, and Windows platforms. This design eliminates the need to test and debug applications on

each target platform.

Note: The only exceptions to this are four heavyweight Swing components that are direct subclasses of AWT classes relying

on platform-dependent peers: JApplet, JDialog, JFrame, and JWindow. See chapter 3.

1.2.3 Swing package overview

javax.swing

Contains the most basic Swing components, default component models, and interfaces. (Most of the classes

shown in Figure 1.2 are contained in this package.)

javax.swing.border



Classes and interfaces used to define specific border styles. Note that borders can be shared by any number of

Swing components, as they are not components themselves.

javax.swing.colorchooser

Classes and interfaces supporting the JColorChooser component, used for color selection. (This package

also contains some interesting undocumented private classes.)

javax.swing.event

The event package contains all Swing-specific event types and listeners. Swing components also support events

and listeners defined in java.awt.event and java.beans.

javax.swing.filechooser

Classes and interfaces supporting the JFileChooser component, used for file selection.

javax.swing.plaf

Contains the pluggable look-and-feel API used to define custom user interface components. Most of the classes

in this package are abstract. They are subclassed and implemented by look-and-feel implementations such as

metal, motif, and basic. The classes in this package are intended for use only by developers who, for one reason

or another, cannot build on top of existing look-and-feels.

javax.swing.plaf.basic

Consists of the Basic look-and-feel implementation which all look-and-feels provided with Swing are built on

top of. We are normally expected to subclass the classes in this package if we want to create our own

customized look-and-feel.

javax.swing.plaf.metal

Metal is the default look-and-feel of Swing components. It is the only look-and-feel that ships with Swing not

designed to be consistent with a specific platform.

javax.swing.plaf.multi

This is the Multiplexing look-and-feel. This is not a regular look-and-feel implementation in that it does not

define the actual look or feel of any components. Rather, it provides the ability to combine several

look-and-feels for simultanteous use. A typical example might be using an audio-based look-and-feel in

combination with metal or motif. Currently Java 2 does not ship with any multiplexing look-and-feel

implemenations (however, rumor has it that the Swing team is working on an audio look-and-feel as we write

this).

javax.swing.table

Classes and interfaces supporting the JTable control. This component is used to manage tabular data in

spreadsheet form. It supports a high degree of customization without requiring look -and-feel enhancements.

javax.swing.text

Classes and interfaces used by the text components including support for plain and styled documents, the views

of those documents, highlighting, caret control and customization, editor actions and keyboard customization.

javax.swing.text.html

This extension of the text package contains support for HTML text components. (HTML support was being

completely rewritten and expanded upon while we were writing this book. Because of this our coverage of it is

regretably limited.)

javax.swing.text.html.parser

Support for parsing HTML.

javax.swing.text.rtf

Contains support for RTF documents.

javax.swing.tree



Classes and interfaces supporting the JTree component. This component is used for the display and

management of hierarcical data. It supports a high degree of customization without requiring look-and-feel

enhancements.

javax.swing.undo

The undo package contains support for implementing and managing undo/redo functionality.

1.3MVC architecture

MVC is a well known object-oriented user interface design decomposition that dates back to the late 1970s.

Components are broken down into three parts: a model, a view, and a controller. Each Swing component is based on a

more modern version of this design. Before we discuss how MVC works in Swing, we need to understand how it was

originally designed to work.

Note: The three-way separation described here is only used today by a small number of user interface frameworks,

VisualWorks being the most notable.

Figure 1.3 M odel-view -controller architecture

<<file figure1-3.gif>>

1.3.1 Model

The model is responsible for maintaining all aspects of the component state. This includes, for example, such values as

the pressed/unpressed state of a push button, a text component’s character data and information about how it is

structured, etc. A model may be responsible for indirect communication with the with the view and the controller. By

indirect we mean that the model does not ‘know’ its view and controller--it does not maintain or retreive references to

them. Instead the model will send out notifications or broadcasts (what we know as events). In figure 1.3 this indirect

communication is represented by dashed lines.

1.3.2 View

The view determines the visual representation of the component’s model. This is a component’s “look.” For example,

the view displays the correct color of a component, whether the component appears raised or lowered (in the case of a

button), and the rendering of a desired font. The view is responsible for keeping its on-screen representation updated



and may do so upon receiving indirect messages from the model, or direct messages from the controller.

1.3.3 Controller

The controller is responsible for determining whether the component should react to any input events from input devices

such as the keyboard or mouse. The controller is the “feel” of the component, and it determines what actions are

performed when the component is used. The controller can receive direct messages from the view, and indirect

messages from the model.

For example, suppose we have a checked (selected) checkbox in our interface. If the controller determines that the user

has performed a mouse click it may send a message to the view. If the view determines that the click occurred on the

checkbox it sends a message to the model. The model then updates itself and broadcasts a message, which will be

received by the view(s), to tell it that it should update itself based on the new state of the model. In this way, a model is

not bound to a specific view or controller, allowing us to have several views and controller’s manipulating a single

model.

1.3.4 Custom view and conroller

One of the major advantages MVC architecture provides is the ability to customize the “look” and “feel”of a component

without modifying the model. Figure 1.4 shows a group of components using two different user interfaces. The

important point to make about this figure is that the components shown are actually the same, but they are shown using

two different look-and-feel implementations (different views and conrollers -- discussed below).

Figure 1.4 M alachite and W indow s look-and-feels ofthe sam e com ponents

<<file figure1-4.gif>>

Some Swing components also provide the ability to customize specific parts of a component without affecting the

model. More specifically, these components allow us to define custom cell renderers and editors used to display and

accept specific data respectively. Figure 1.5 shows the columns of a table containing stock market data rendered with

custom icons and colors. We will examine how to take advantage of this functionality in our study of Swing combo

boxes, lists, tables, and trees.



Figure 1.5 Custom  rendering
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1.3.5 Custom models

Another major advantage of Swing’s MVC architecture is the ability customize and replace a component’s data model.

For example, we can construct our own text document model that enforces the entry of a date or phone number in a very

specific form. We can also associate the same data model with more than one component (as we discussed above in

looking at MVC). For instance, two JTextAreas can store their textual content in the same document model, while

maintaining two different views of that information.

We will design and implement our own data models for JComboBox, JList, JTree, JTable, and extensively

throughout our coverage of text components. Below we’ve listed some of Swing’s model interface definitions along

with a brief description of what data their implementations are designed to store, and what components they are used

with:

BoundedRangeModel

Used by: JProgressBar, JScrollBar, JSlider.

Stores: 4 integers: value, extent, min, max.

The value and the extent must be between a specified min and max values. The extent is always <= max and

>=value.

ButtonModel

Used by: All AbstractButton subclasses.

Stores: A boolean representing whether the button is selected (armed) or unselected (disarmed).

ListModel

Used by: JList.

Stores: A collection of objects.

ComboBoxModel

Used by: JComboBox.

Stores: A collection of objects and a selected object.

MutableComboBoxModel

Used by: JComboBox.

Stores: A Vector (or another mutable collection) of objects and a selected object.



ListSelectionModel

Used by: JList, TableColumnModel.

Stores: One or more indices of selected list or table items. Allows single, single-interval, or multiple-interval

selections.

SingleSelectionModel

Used by: JMenuBar, JPopupMenu, JMenuItem, JTabbedPane.

Stores: The index of the selected element in a collection of objects owned by the implementor.

ColorSelectionModel

Used by: JColorChooser.

Stores: A Color.

TableModel

Used by: JTable.

Stores: A two dimensional array of objects.

TableColumnModel

Used by: JTable.

Stores: A collection of TableColumn objects, a set of listeners for table column model events, width between

each column, total width of all columns, a selection model, and a column selection flag.

TreeModel

Used by: JTree.

Stores: Objects that can be displayed in a tree. Implementations must be able to distinguish between branch and

leaf objects, and the objects must be organized hierarchically.

TreeSelectionModel

Used by: JTree.

Stores: Selected rows. Allows single, contiguous, and discontiguous selection.

Document

Used by: All text components.

Stores: Content. Normally this is text (character data). More complex implementations support styled text,

images, and other forms of content (e.g. embedded components).

Not all Swing components have models. Those that act as containers, such as JApplet, JFrame, JLayeredPane,

JDesktopPane, JInternalFrame, etc. do not have models. However, interactive components such as JButton,

JTextField, JTable, etc. do have models. In fact some Swing components have more than one model (e.g. JList

uses a model to hold selection information, and another model to store its data). The point is that MVC is not hard and

fastened rule in Swing. Simple components, or complex components that don’t store lots of information (such as

JDesktopPane), do not need separate models. The view and controller of each component is, however, almost always

separate for each component, as we will see in the next section.

So how does the component itself fit into the MVC picture? The component acts as a mediator between the model(s),

the view and the controller. It is neither the M, the V, or the C, although it can take the place of any or all of these parts

if we design it to. This will become more clear as we progress through this chapter, and throughout the rest of the book.



1.4UI delegates and PLAF

Almost all modern user interface frameworks coalesce the view and controller, whether they are based on SmallTalk,

C++, and now Java. Examples include MacApp, Smalltalk/V, Interviews, and the X/Motif widgets used in IBM

Smalltalk.
1

JFC Swing is the newest addition to this crowd. Swing packages each component’s view and controller into

an object called a UI delegate. For this reason Swing’s underlying architecture is more accurately referred to as

model-delegate rather than model-view-controller. Ideally communication between both the model and the UI delegate

is indirect, allowing more than one model to be associated with one UI delegate, and vice v ersa. Figure 1.6 illustrates.

Figure 1.6 M odel-delegate architecture
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1.4.1 The ComponentUI class

Each UI delegate is derived from an abstract class called ComponentUI. ComponentUI methods describe the

fundamentals of how a UI delegate and a component using it will communicate. Note that each method takes a

JComponent as parameter.

ComponentUI methods:

static ComponentUI CreateUI(JComponent c)

This is normally implemented to return a shared instance of the UI delegate defined by the defining

ComponentUI subclass itself. This instance is used for sharing among components of the same type (e.g. All

JButtons using the Metal look-and-feel share the same static UI delegate instance defined in

javax.swing.plaf.metal.MetalButtonUI by default.)

installUI(JComponent c)

Installs this ComponentUI on the specified component. This normally adds listeners to the component and/or

its model(s), to notify the UI delegate when changes in state occur that require a view update.

uninstallUI(JComponent c)

Removes this ComponentUI and any listeners added in installUI() from the specified component and/or

1
Chamond Liu, “Smalltalk, Objects, and Design” Manning Publications Co. 1996.



its model(s).

update(Graphics g, JComponent c)

If the component is opaque this should paint its background and then call paint(Graphics g,

JComponent c).

paint(Graphics g, JComponent c)

Gets all information it needs from the component and possibly its model(s) to render it correctly.

getPreferredSize(JComponent c)

Return the preferred size for the specified component based on this ComponentUI.

getMinimumSize(JComponent c)

Return the minimum size for the specified component based on this ComponentUI.

getMaximumSize(JComponent c)

Return the maximum size for the specified component based on this ComponentUI.

To enforce the use of a specific UI delegate we can call a component’s setUI() method (note that setUI() is

declared protected in JComponent because it only makes sense in terms of a JComponent subclass):

JButton m_button = new JButton();

m_button.setUI((MalachiteButtonUI)

MalachiteButtonUI.createUI(m_button));

Most UI delegates are constructed such that they know about a component and its model(s) only while performing

painting and other view-controller tasks. Swing normally avoids associating UI delegates on a per-component basis

(hence the static instance). However, nothing stops us from assigning our own as the code above demonstrates.

Note: The JComponent class defines methods for assigning UI delegates because the method declarations required do not

involve component-specific code. However, this is not possible with data models because there is no base interface that

all models can be traced back to (i.e. there is no base class such as ComponentUI for Swing models). For this reason

methods to assign models are defined in subclasses of JComponent where necessary.

1.4.2 Pluggable look-and-feel

Swing includes several sets of UI delegates. Each set contains ComponentUI implementations for most Swing

components and we call each of these sets a look-and-feel or a pluggable look-and-feel (PLAF) implementation. The

javax.swing.plaf package consists of abstract classes derived from ComponentUI, and the classes in the

javax.swing.plaf.basic package extend these abstract classes to implement the Basic look-and-feel. This is the

set of UI delegates that all other look-and-feel classes are expected to use as a base for building off of. (Note that the

Basic look-and-feel cannot be used on its own, as BasicLookAndFeel is an abstract class.) There are three pluggable

look-and-feel implemenations derived from the Basic look-and-feel:

Windows: com.sun.java.swing.plaf.windows.WindowsLookAndFeel

CDE\Motif: com.sun.java.swing.plaf.motif.MotifLookAndFeel

Metal (default): javax.swing.plaf.metal.MetalLookAndFeel

There is also a MacLookAndFeel for simulating Macintosh user interfaces, but this does not ship with Java 2 and must



be downloaded separately. The Windows and Macintosh pluggable look-and-feel libraries are only supported on the

corresponding platform.
2

The multiplexing look-and-feel, javax.swing.plaf.multi.MultiLookAndFeel, extends all the abstract classes

in javax.swing.plaf. It is designed to allow combinations of look-and-feels to be used simultaneously and is

intended for, but not limited to, use with Accessibility look-and-feels. The job of each multiplexing UI delegate is to

manage each of its child UI delegates.

Each look-and-feel package contains a class derived from the abstract class javax.swing.LookAndFeel:

BasicLookAndFeel, MetalLookAndFeel, WindowsLookAndFeel, etc. These are the central points of access to

each look-and-feel package. We use them when changing the current look-and-feel, and the UIManager class (used to

manage installed look-and-feels) uses them to access the current look-and-feel’s UIDefaults table (which contains,

among other things, UI delegate class names for that look-and-feel corresponding to each Swing component). To

change the current look-and-feel of an application we can simply call the UIManager’s setLookAndFeel() method,

passing it the fully qualified name of the LookAndFeel to use. The following code can be used to accomplish this at

run-time:

try {

UIManager.setLookAndFeel(

"com.sun.java.swing.plaf.motif.MotifLookAndFeel");

SwingUtilities.updateComponentTreeUI(myJFrame);

}

catch (Exception e) {

System.err.println("Could not load LookAndFeel");

  }

SwingUtilities.updateComponentTreeUI() informs all children of the specified component that the

look-and-feel has changed and they need to discard their UI delegate in exchange for a different one of the specified

type.

1.4.3 Where are the UI delegates?
3

We’ve discussed ComponentUI, and the packages LookAndFeel implementations reside in, but we haven’t really

mentioned anything about the specific UI delegate classes derived from ComponentUI. Each abstract class in the

javax.swing.plaf package extends ComponentUI and corresponds to a specific Swing component. The name of

each class follows the general scheme of class name (without the “J” prefix) plus a “UI” suffix. For instance LabelUI

extends ComponentUI and is the base delegate used for JLabels.

These classes are extended by concrete implementations such as those in the basic and multi packages. The names

of these subclasses follow the general scheme of look-and-feel name prefix added to the superclass name. For instance,

2
There are some simple ways to get around this but it wouldn’t be wise of us to publish them here.

3
We do not detail the complete functionality and construction of any UI delegate classes in this book. The only reference

available at the time of this writing with coverage of the Basic UI delegates is Manning ’s “Java Foundation Classes: Swing

Reference.”



BasicLabelUI and MultiLabelUI both extend LabelUI and reside in the basic and multi packages

respectively. Figure 1.7 illustrates the LabelUI hierarchy.

Figure 1.7 LabelUIhierarchy

<<file figure1-7.gif>>

Most look-and-feel implementations are expected to extend the concrete classes defined in the basic package, or use

them directly. The Metal, Motif, and Windows UI delegates are built on top of Basic versions. The Multi look-and-feel,

however, is unique in that each implementation does not extend from Basic, and is merely a shell allowing an arbitrary

number of UI delegates to be installed on a given component.

Figure 1.7 should emphasize the fact that Swing supplies a very large number of UI delegate classes. If we were to

create an entire pluggable look-and-feel implementation, it is evident that some serious time and effort would be

involved. In chapter 21 we will learn all about this process, as well as how to modify and work with the existing

look-and-feels.

Chapter 2. Swing Mechanics

In this chapter:

• JComponent properties, sizing, and positioning

• Event handling and dispatching

• Multithreading

• Timers

• AppContext & service classes

• Inside Timers & the TimerQueue

• JavaBeans

• Fonts, Colors, Graphics & text

• Using the Graphics clipping area

• Graphics Debugging

• Painting and Validation



• Focus Management

• Keyboard input, KeyStrokes, and Actions

• SwingUtilities

2.1JComponent properties, size, and positioning

2.1.1 Properties

All Swing components conform to the JavaBeans specification. In section 2.7 we will discuss this in detail. Among the

five features a JavaBean is expected to support is a set of properties and associated accessor methods. A property is a

global variable, and its accessor methods, if any, are normally of the form setPropertyname(),

getPropertyname() or isPropertyname().

A property that has no event firing associated with a change in its value is called a simple property. A bound property is

one for which PropertyChangeEvents are fired after it changes state. We can register

PropertyChangeListeners to listen for PropertyChangeEvents through JComponent‘s

addPropertyChangeListener() method. A constrained property is one for which PropertyChangeEvents are

fired before a change in state occurs. We can register VetoableChangeListeners to listen for

PropertyChangeEvents through JComponent’s addVetoableChangeListener() method. A change can be

vetoed in the event handling code of a VetoableChangeListener by throwing a PropertyVetoException.

(There is only one Swing class with constrained properties: JInternalFrame).

Note: Each of these event and listener classes is defined in the java.awt.beans package.

PropertyChangeEvent’s carry three pieces of information with them: name of the property, old value, and new

value. Beans can use an instance of PropertyChangeSupport to manage the dispatching of

PropertyChangeEvents corresponding to each bound property, to each registered listener. Similarly, an instance of

VetoableChangeSupport can be used to manage the sending of all PropertyChangeEvents corresponding to

each constrained property.

Swing introduces a new class called SwingPropertyChangeSupport (defined in javax.swing.event) which is

a subclass of, and almost identical to, PropertyChangeSupport. The difference is that

SwingPropertyChangeSupport has been built to be more efficient. It does this by sacrificing thread safety, which,

as we will see later in this chapter, is not an issue in Swing if the multithreading guidelines are followed consistently

(because all event processing should occur on only one thread--the event-dispatching thread). So if we are confident that

our code has been constructed in a thread-safe mannar, we are encouraged to use this more efficent version, rather than

PropertyChangeSupport.

Note: There is no Swing equivalent of VetoableChangeSupport because there are currently only four constrained

properties in Swing--all defined in JInternalFrame.

Swing also introduces a new type of property which we will call a change property, for lack of a given name. We use

ChangeListeners to listen for ChangeEvents that get fired when these properties change state. A ChangeEvent



only carries one piece of information with it: the source of the event. For this reason, change properties are less

powerful than bound or constrained properties, but they are more widespread. A JButton, for instance, sends change

events whenever it is armed (pressed for the first time), pressed, and released (see chapter 5).

Another new property-like feature Swing introduces is the notion of client properties. These are basically key/value

pairs stored in a Hashtable provided by each Swing component. This allows properties to be added and removed at

run-time, and is often a convenient place to store data without having to build a separate subclass.

Warning: Client properties may seem like a great way to add property change support for custom components, but we are

explicitly advised against this: “The clientProperty dictionary is not intended to support large scale extensions to

JComponent nor should it be considered an alternative to subclassing when designing a new component.”
API

Client properties are bound properties: when a client property changes, a PropertyChangeEvent is dispatched to all

registered PropertyChangeListeners. To add a property to a component’s client properties Hashtable, we do

the following:

myComponent.putClientProperty("myname", myValue);

To retrieve a client property:

myObject = myComponent.getClientProperty("myname");

To remove a client propery we can provide a null value:

myComponent.putClientProperty("myname", null);

For example, JDesktopPane uses a client property to control the outline dragging mode for JInternalFrames (this

will work no matter which L&F is in use):

myDesktop.putClientProperty("JDesktopPane.dragMode", "outline");

Note: You can always find out which properties have change events associated with them, as well as any other type of event,

by referencing to the Swing source code. Unless you are using Swing for simple interfaces, we strongly suggest getting

used to this.

Five Swing components have special client properties that only the Metal L&F pays attention to. Briefly these are:

JTree.lineStyle

A String used to specify whether node relationships are displayed as angular connecting lines (“Angled”),

horizontal lines defining cell boundaries (“Horizontal” -- default), or no lines at all (“None”).

JScrollBar.isFreeStanding

A Boolean value used to specify whether all sides of a JScrollbar will have an etched border

(Boolean.FALSE -- default) or only the top and left edges (Boolean.TRUE).

JSlider.isFilled



A Boolean value used to specify whether the lower portion of a slider should be filled (Boolean.TRUE) or

not (Boolean.FALSE -- default).

JToolBar.isRollover

A Boolean value used to specify whether a toolbar button displays an etched border only when the mouse is

within its bounds and no border if not (Boolean.TRUE), or always use an etched border (Boolean.FALSE --

default).

JInternalFrame.isPalette

A Boolean value used to specify whether a very thin border is used (Boolean.TRUE) or the regular border is

used (Boolean.FALSE -- default). As of Java 2 FCS this property is not used.

2.1.2 Size and positioning

Because JComponent extends java.awt.Container it inherits all the sizing and positioning functionality we are

used to. We are encouraged to manage a component’s preferred, minimum, and maximum sizes using the following

methods:

setPreferredSize(), getPreferredSize()

The most comfortable size of a component. Used by most layout managers to size each component.

setMinimumSize(), getMinimumSize()

Used during layout to act as a lower bounds for a component ’s dimensions.

setMaximumSize(), getMaximumSize()

Used during layout to act as an upper bounds for a component’s dimensions.

Each setXX()/getXX() method accepts/returns a Dimension instance. We will learn more about what these sizes

mean in terms of each layout manager in chapter 4. Whether or not a layout manager pays attention to these sizes is

solely based on that layout manager’s implementation. It is perfectly feasible to construct a layout manager that simply

ignores all of them, or pays attention to only one. The sizing of components in a container is layout-manager specific.

JComponent’s setBounds() method can be used to assign a component both a size and a position within its parent

container. This overloaded method can take either a Rectangle parameter (java.awt.Rectangle) or four int

paramaters representing x-coordinate, y-coordinate, width, and height. For example, the following two are equivalent:

myComponent.setBounds(120,120,300,300);

Rectangle rec = new Rectangle(120,120,300,300);

myComponent.setBounds(rec);

Note that setBounds() will not override any layout policies in effect due to a parent container’s layout manager. For

this reason a call to setBounds() may appear to have been ignored in some situations because it tried to do its job and

was forced back to its original size by the layout manager (layout managers always have first crack at setting the size of

a component).

setBounds() is commonly used to manage child components in containers with no layout manager (such as

JLayeredPane, JDesktopPane, and JComponent itself). For instance, we normally use setBounds() when

adding a JInternalFrame to a JDesktopPane.



A component’s size can safely be queried in typical AWT style, such as:

int h = myComponent.getHeight();

int w = myComponent.getWidth();

Size can also be retrieved as a Rectangle or a Dimension instance:

Rectangle rec2 = myComponent.getBounds();

Dimension dim = myComponent.getSize();

Rectangle contains four publically accessible properties describing its location and size:

int recX = rec2.x;

int recY = rec2.y;

int recWidth = rec2.width;

int recHeight = rec2.height;

Dimension contains two publically accessible properties describing size:

int dimWidth = dim.width;

int dimHeight = dim.height;

The coordinates returned in the Rectangle instance using getBounds() represent a component’s location within its

parent. These coordinates can also be obtained using the getX() and getY() methods. Additionaly, we can set a

component’s position within its container using the setLocation(int x, int y) method.

JComponent also maintains an alignment. Horizontal and vertical alignments can be specified by float values between

0.0 and 1.0: 0.5 means center, closer to 0.0 means left or top, and closer to 1.0 means right or bottom. The

corresponding JComponent methods are:

setAlignmentX(float f);

setAlignmentY(float f);

These values are only used in containers managed by BoxLayout and OverlayLayout.

2.2Event handling and dispatching

Events occur anytime a key or mouse button is pressed. The way components receive and process events has not

changed from JDK1.1. There are many different types of events that Swing components can generate, including those in 

java.awt.event and even more in javax.swing.event. Many of the new Swing event types are

component-specific. Each event type is represented by an object that, at the very least, identifies the source of the event,

and often carries additional information about what specific kind of event it is, and information about the state of the

source before and after the event was generated. Sources of events are most commonly components or models, but there 



are also different kinds of objects that can generate events.

As we discussed in the last chapter, in order to receive notification of events, we need to register listeners with the target

object. A listener is an implementation of any of the XXListener classes (where XX is an event type) defined in the

java.awt.event, java.beans, and javax.swing.event packages. There is always at least one method

defined in each interface that takes a corresponding XXEvent as parameter. Classes that support notification of

XXEvents generally implement the XXListener interface, and have support for registering and unregistering those

listeners through the use of addXXListener() and removeXXListener() methods respectively. Most event

targets allow any number of listeners to be registered with them. Similarly, any listener instance can be registered to

receive events from any number of event sources. Usually classes that support XXEvents provide protected fireXX()

methods used for constructing event objects and sending them to the event handlers for processing.

2.2.1 class javax.swing.event.EventListenerList

EventListenerList is an array of XXEvent/XXListener pairs. JComponent and each of its decendants use an

EventListenerList to maintain their listeners. All default models also maintain listeners and an

EventListenerList. When a listener is added to a Swing component or model, the associated event’s Class

instance (used to identify event type) is added to its EventListenerList array, followed by the listener itself. Since

these pairs are stored in an array rather than a mutable collection (for efficiency purposes), a new array is created on

each addition or removal using the System.arrayCopy() method. When events are received, the list is walked

through and events are sent to each listener with a matching type. Because the array is ordered in an XXEvent,

XXListener, YYEvent, YYListener, etc. fashion, a listener corresponding to a given event type is always next in

the array. This approach allows very efficient event-dispatching routines (see section 2.7.7). For thread safety the

methods for adding and removing listeners from an EventListenerList synchronize access to the array when it is

manipulated.

JComponent defines its EventListenerList as a protected field called listenerList so that all subclasses

inherit it. Swing components manage most of their listeners directly through listenerList.

2.2.2 Event-dispatching thread

All events are processed by the listeners that receive them within the event-dispatching thread (an instance of

java.awt.EventDispatchThread). All painting and component layout is expected to occur within this thread as

well. The event-dispatching thread is of primary importance to Swing and AWT, and plays a key role in keeping

updates to component state and display in an app under control.

Associated with this thread is a FIFO queue of events -- the system event queue (an instance of

java.awt.EventQueue). This gets filled up, as any FIFO queue, in a serial fashion. Each request takes its turn

executing event handling code, whether this be updating component properties, layout, or repainting. All events are

processed serially to avoid such situations as a component’s state being modified in the middle of a repaint. Knowing

this, we must be careful not to dispatch events outside of the event-dispatching thread. For instance, calling a fireXX()

method directly from a separate thread of execution is unsafe. We must also be sure that event handling code, and

painting code can be executed quickly. Otherwise the whole system event queue will be blocked waiting for one event

process, repaint, or layout to occur, and our application will appear  frozen or locked up.



2.3 Multithreading

To help us in ensuring that all our event handling code gets executed only from within the event-dispatching thread,

Swing provides a very helpful class that, among other things, allows us to add Runnable objects to the system event

queue. This class is called SwingUtilities and it contains two methods that we are interested in here:

invokeLater() and invokeAndWait(). The first method adds a Runnable to the system event queue and returns

immediately. The second method adds a Runnable and waits for it to be dispatched, then returns after it finishes. The

basic syntax of each follows:

Runnable trivialRunnable = new Runnable() { 

public void run() { 

doWork(); // do some work

      }

};

SwingUtilities.invokeLater(trivialRunnable);

try {

Runnable trivialRunnable2 = new Runnable() { 

public void run() { 

doWork(); // do some work

        }

};

SwingUtilities.invokeAndWait(trivialRunnable2);

}

catch (InterruptedException ie) {

System.out.println("...waiting thread interrupted!");

    }

catch (InvocationTargetException ite) {

System.out.println(

"...uncaught exception within Runnable’s run()");

    }

Because these Runnables are placed into the system event queue for execution within the event-dispatching thread, we

should be just as careful that they execute quickly, as any other event handling code. In the above two examples, if the

doWork() method did something that takes a long time (like loading a large file) we would find that the application

would freeze up until the load finishes. In time-intensive cases such as this, we should use our own separate thread to

maintain responsiveness.

The following code shows a typical way to build our own thread to do some time-intensive work. In order to safely

update the state of any components from inside this thread, we must use invokeLater() or invokeAndWait():

Thread workHard = new Thread() {

public void run() {

        doToughWork(); // do some really time-intensive work



SwingUtilities.invokeLater( new Runnable () {

public void run() {

updateComponents(); // update the state of component(s)

          }

});

      }

};

workHard.start();

Note: invokeLater() should be instead of invokeAndWait() whenever possible. If we do have to use

invokeAndWait(), we should make sure that there are no locks (i.e.synchronized blocks) held by the calling thread

that another thread might need during the operation.

This solves the problem of responsiveness, and it does dispatch component-related code to the event-dispatching thread,

but it still cannot be considered completely user-friendly. Normally the user should be able to interrupt a time-intensive

procedure. If we are waiting to establish a network connection, we certainly don’t want to continue waiting indefinitely

if the destination no longer exists. In most circumstances the user should have the option to interrupt our thread. The

following pseudocode code shows a typical way to accomplish this, where stopButton causes the thread to be

interrupted, updating component state accordingly:

Thread workHarder = new Thread() {

public void run() {

doTougherWork();

        SwingUtilities.invokeLater( new Runnable () {

public void run() {

updateMyComponents(); // update the state of component(s)

          }

});

      }

};

workHarder.start();

public void doTougherWork() {

try {

// [some sort of loop]

// ...if, at any point, this involves changing 

// component state we’ll have to use invokeLater 

// here because this is a separate thread.

//

// We must do at least one of the following:

// 1. Periodically check Thread.interrupted()

// 2. Periodically sleep or wait

if (Thread.interrupted()) {

throw new InterruptedException();



        }

Thread.wait(1000);

      }

catch (InterruptedException e) {

// let somebody know we’ve been interrupted

// ...if this involves changing component state

// we’ll have to use invokeLater here.

      }

    }

JButton stopButton = new JButton("Stop");

ActionListener stopListener = new ActionListener() {

public void actionPerformed(ActionEvent event) {

// interrupt the thread and let the user know the 

// thread has been interrupted by disabling the 

// stop button.

// ...this will occur on the regular event dispatch thread

workHarder.interrupt();

stopButton.setEnabled(false);

      }

};

stopButton.addActionListener(stopListener);

Our stopButton interrupts the workHarder thread when pressed. There are two ways that doTougherWork() will 

know whether workHarder, the thread it is executed in, has been interrupted. If it is currently sleeping or waiting,

an InterruptedException will be thrown which we can catch and process accordingly. The only other way to

detect interruption is to periodically check the interrupted state by calling Thread.interrupted().

This approach is commonly used for constructing and displaying complex dialogs, I/O processes that result in

component state changes (such as loading a document into a text component), intensive class loading or calculations,

waiting for messages or to establish a network connection, etc.

Reference: Members of the Swing team have written a few articles about using threads with Swing, and have provided a class

called SwingWorker that makes managing the type of multithreading described here more convenient. See

http://java.sun.com/products/jfc/tsc/archive/tech_topics_arch/threads/threads.html

2.3.1 Special cases

There are some special cases in which we do not need to delegate code affecting the state of components to the

event-dispatching thread:

1. Some methods in Swing, although few and far between, are marked as thread-safe and do not need special

consideration. Some methods are thread-safe but are not marked as such: repaint(), revalidate(), and

invalidate().



2. A component can be constructed and manipulated in any fashion we like, without regard for threads, as long as it has

not yet been realized (i.e. its has been displayed or a repaint request has been queued). Top-level containers (JFrame,

JDialog, JApplet) are realized after any of setVisible(true), show(), or pack() have been called on them.

Also note that a component is considered realized as soon as it is added to a realized container.

3. When dealing with Swing applets (JApplets) all components can be constructed and manipulated without regard to

threads until the start() method has been called, which occurs after the init() method.

2.3.2 How do we build our own thread-safe methods?

This is quite easy. Here is a thread-safe method template we can use to guarantee this method’s code only executes in

the event-dispatching thread:

public void doThreadSafeWork() {

if (SwingUtilities.isEventDispatchThread()) {

//

// do all work here...

//

      }

else {

Runnable callDoThreadSafeWork = new Runnable() {

public void run() {

doThreadSafeWork();

          }

};

SwingUtilities.invokeLater(callDoThreadSafeWork);

      }

}

2.3.3 How do invokeLater() and invokeAndWait() work?
4

class javax.swing.SystemEventQueueUtilities [package private]

When SwingUtilities receives a Runnable object through invokeLater(), it passes it immediately to the

postRunnable() method of a class called SystemEventQueueUtilities. If a Runnable is received through

invokeAndWait(), first the current thread is checked to make sure that it is not the event-dispatching thread. (It

would be fatal to allow invokeAndWait() to be invoked from the event-dispatch thread itself!) An error is thrown if

this is the case. Otherwise, we construct an Object to use as the lock on a critical section (i.e. a synchronized block).

This block contains two statements. The first sends the Runnable to SystemEventQueueUtilities’

postRunnable() method, along with a reference to the lock object. The second waits on the lock object so the calling

thread won’t proceed until this object is notified--hence “invoke and wait.”

The postRunnable() method first communicates with the private SystemEventQueue, an inner class of

4
This section is particularly advanced and is only of interest to those seeking a low level understanding of how Runnables

are dispatched and processed.



SystemEventQueueUtilities, to return a reference to the system event queue. We then wrap the Runnable in an 

instance of RunnableEvent, another private inner class. The RunnableEvent constructor takes a Runnable and

an Object representing the lock object (null if invokeLater() was called) as parameters.

The RunnableEvent class is a subclass of AWTEvent, and defines its own static int event ID -- EVENT_ID. (Note

that whenever we define our own event we are expected to use an event ID greater than the value of

AWTEvent.RESERVED_ID_MAX.) RunnableEvent‘s EVENT_ID is AWTEvent.RESERVED_ID_MAX + 1000.

RunnableEvent also contains a static instance of a RunnableTarget, yet another private inner class.

RunnableTarget is a subclass of Component and its only purpose is to act as the source and target of

RunnableEvents.

How does RunnableTarget do this? Its constructor enables events with event ID matching RunnableEvent’s ID:

enableEvents(RunnableEvent.EVENT_ID);

It also overrides Component’s protected processEvent() method to receive RunnableEvents. Inside this method

it first checks to see if the event passed as parameter is in fact an instance of RunnableEvent. If it is, it is passed to

SystemEventQueueUtilities’ processRunnableEvent() method (this occurs after the RunnableEvent

has been dispatched from the system event queue.)

Now back to RunnableEvent. The RunnableEvent constructor calls its superclass (AWTEvent) constructor

passing its static instance of RunnableTarget as the event source, and EVENT_ID as the event ID. It also keeps

references to the given Runnable and lock object.

So in short: when invokeLater() or invokeAndWait() is called, the Runnable passed to them is then passed to

the SystemEventQueueUtilities.postRunnable() method along with a lock object that the calling thread (if

it was invokeAndWait()) is waiting on. This method first tries to gain access to the system event queue and then

wraps the Runnable and the lock object in an instance of RunnableEvent.

Once the RunnableEvent instance has been created, the postRunnable() method (which we have been in this

whole time) checks to see if it did successfully gain access to the system event queue. This will only occur if we are not

running as an applet, because applets do not have direct access to the system event queue. At this point, there are two

possible paths depending on whether we are running an applet or an application:

Applications:

Since we have direct access to the AWT Sytstem event queue we just post the RunnableEvent and return. Then the

event gets dispatched at some point in the event-dispatching thread by being sent to RunnableTarget’s

processEvent() method, which then sends it to the processRunnableEvent() method. If there was no lock

used (i.e. invokeLater() was called) the Runnable is just executed and we are done. If there was a lock used (i.e.

invokeAndWait() was called), we enter a a synchronized block on the lock object so that nothing else can access

that object when we execute the Runnable. Remember that this is the same lock object that the calling thread is

waiting on from within SwingUtilities.invokeAndWait(). Once the Runnable finishes, we call notify on this

object, which then wakes up the calling thread and we are done.



Applets:

SystemEventQueueUtilities does some very interesting things to get around the fact that applets do not have

direct access to the system event queue. To summarize a quite involved workaround procedure, an invisible

RunnableCanvas (a private inner class that extends java.awt.Canvas) is maintained for each applet and stored in

a static Hashtable using the calling thread as its key. A Vector of RunnableEvents is also maintained and instead

of manually posting an event to the system event queue, a RunnableCanvas posts a repaint() request. Then, when

the repaint request is dispatched in the event-dispatching thread, the appropriate RunnableCanvas’s paint()

method is called as expected. This method has been constructed to locate any RunnableEvents (stored in the Vector)

associated with a given RunnableCanvas, and execute them (somewhat of a hack, but it works).

2.4Timers

class javax.swing.Timer

You can think of the Timer as a unique thread conveniently provided by Swing to fire ActionEvents at specified

intervals (although this is not exactly how a Timer works internally, as we will see in section 2.6).

ActionListeners can be registered to received these events just as we register them on buttons, and other

components. To create a simple Timer that fires ActionEvents every second we can do something like the

following:

import java.awt.event.*;

import javax.swing.*;

class TimerTest 

{

public TimerTest() {

ActionListener act = new ActionListener() {

public void actionPerformed(ActionEvent e) {

System.out.println("Swing is powerful!!");

      }

};

Timer tim = new Timer(1000, act);

tim.start();

while(true) {};

  }

public static void main( String args[] ) {

new TimerTest();

  }

}

First we set up an ActionListener to receive ActionEvents. Then we built a new Timer passing the time in

milliseconds between events, the delay, and an ActionListener to send them to. Finally we call the Timer’s

start() method to turn it on. Since there is no GUI running for us the program will immediately exit, so we set up a



loop to let the Timer continue to do its job indefinitely (we will explain why this is necessary in section 2.6).

When you run this code you will see “Swing is powerful!!” sent to standard output every second. Note that the Timer

does not fire an event right when it is started. This is because its initial delay time defaults to the delay time passed to

the constructor. If we want the Timer to fire an event right when it is started we would set the initial delay time to 0

using its setInitialDelay() method.

At any point we can call stop() to stop the Timer and start() to restart it (start() does nothing if it is already

running). We can call restart() on a Timer to start the whole process over. The restart() method is just a

shortcut way to call stop() and start() sequentually.

We can set a Timer’s delay using the setDelay() method and tell it whether to repeat or not using the

setRepeats() method. Once a Timer has been set to non-repeating it will fire only one action when started (or if it

is currently running), and then it will stop.

The setCoalesce() method allows several Timer event postings to be combined (coalesced) into one. This can be

useful under heavy loads when the TimerQueue (see below) thread doesn’t have enough processing time to handle all

its Timers.

Timers are easy to use and can often be used as convenient replacements for building our own threads. However, there

is a lot more going on behind the scenes that deserves a bit of revealing. Before we are ready to look at how Timers

work under the hood, we’ll take a look at Swing’s SecurityContext-to-AppContext service class mapping for

applets, as well as how applications manage their service classes (also using AppContext). If you are not curious

about how Swing manages the sharing of service classes behind the scenes, you will want to skip the next section.

Although we will refer to AppContext from time to time, it is by no means necessary to understand the details.

2.5AppContext services
5

class sun.awt.AppContext [platform specific]

Warning: AppContext is not meant to be used by any developer, as it is not part of the Java 2 core API. We are discussing

it here only to facilitate a more thorough understanding of how Swing service classes work behind the scenes.

AppContext is an application/applet (we’ll say “app” for short) service table that is unique to each Java session

(applet or application). For applets, a separate AppContext exists for each SecurityContext which corresponds to

an applet’s codebase. For instance, if we have two applets on the same page, each using code from a different directory,

both of those applets would have distinct SecurityContexts associated with them. If, however, they each were

loaded from the same codebase, they would necessarily share a SecurityContext. Java applications do not have

SecurityContexts. Rather, they run in namespaces which are distinguished by ClassLoaders. We will not go into

the details of SecurityContexts or ClassLoaders here, but it suffices to say that they can be used by

SecurityManagers to indicate security domains, and the AppContext class is designed to take advantage of this by

only allowing one instance of itself to exist per security domain. In this way, applets from different codebases cannot

5
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classes are shared throughout a Java session.



access each other’s AppContext. So why is this significant? We’re getting there...

A shared instance is an instance of a class that is normally retreivable using a static method defined in that class. Each

AppContext maintains a Hashtable of shared instances available to the associated security domain, and each

instances is referred to as a service. When a service is requested for the first time it registers its shared instance with the

associated AppContext. This consists of creating a new instance of itself and adding it to the AppContext key/value

mapping.

One reason these shared instances are registered with an AppContext instead of being implemented as normal static

instances, directly retreivable by the service class, is for security purposes. Services registered with an AppContext

can only be accessed by trusted apps, whereas classes directly providing static instances of themselves allow these

instances to be used on a global basis (requiring us to implement our own security mechanism if we want to limit access

to them). Another reason for this is robustness. The less applets interact with each other in undocumented ways, the

more robust they can be.
6

For example, suppose an app tries to access all of the key events on the system EventQueue (where all events get

queued for processing in the event-dispatching thread) to try and steal passwords. By using distinct EventQueues in

each AppContext, the only key events that the app would have access to are its own. (There is in fact only one

EventQueue per AppContext.)

So how do we access our AppContext to add, remove, and retrieve services? AppContext is not meant to be

accessed by developers. But we can if we really need to, and this would guarantee that our code would never be

certified as 100% pure, because AppContext is not part of the core API. Nevertheless, here’s what is involved: The

static AppContext.getAppContext() method determines the correct AppContext to use depending on whether

we are running an applet or application. We can then use the returned AppletContext’s put(), get(), and

remove() methods to manage shared instances. In order to do this we would need to implement our own methods such 

as the following:

private static Object appContextGet(Object key) {

return sun.awt.AppContext.getAppContext().get(key);

    }

private static void appContextPut(Object key, Object value) {

sun.awt.AppContext.getAppContext().put(key, value);

    }

private static void appContextRemove(Object key) {

sun.awt.AppContext.getAppContext().remove(key);

    }

In Swing, this functionality is implemented as three SwingUtilities static methods (refer to SwingUtilities.java

source code):

6
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static void appContextPut(Object key, Object value)

static void appContextRemove(Object key, Object value)

static Object appContextGet(Object key)

However, we cannot access these because they are package private. These are the methods used by Swing’s service

classes. Some of the Swing service classes that register shared instances with AppContext include: EventQueue,

TimerQueue, ToolTipManager, RepaintManager, FocusManager and UIManager.LAFState (all of which

we will discuss at some point in this book). Interestingly, SwingUtilities secretly provides an invisible Frame

instance registered with AppContext to act as the parent to all JDialogs and JWindows with null owners.

2.6Inside Timers & the TimerQueue

class javax.swing.TimerQueue [package private]

A Timer is an object containing a small Runnable capable of dispatching ActionEvents to a list of

ActionListeners (stored in an EventListenerList). Each Timer instance is managed by the shared

TimerQueue instance (registered with AppContext).

A TimerQueue is a service class whose job it is to manage all Timer instances in a Java session. The TimerQueue

class provides the static sharedInstance() method to retreive the TimerQueue service from AppContext.

Whenever a new Timer is created and started it is added to the shared TimerQueue, which maintains a

singly-linked list of Timers sorted by the order in which they will expire (i.e. time to fire the next event).

The TimerQueue is a daemon thread which is started immediately upon instantiation. This occurs when

TimerQueue.sharedInstance() is called for the first time (i.e. when the first Timer in a Java session is started).

It continusouly waits for the Timer with the nearest expiration time to expire. Once this occurs it signals that Timer to

post ActionEvents to all its listeners, then assigns a new Timer as the head of the list, and finally removes the

expired Timer. If the expired Timer’s repeat mode is set to true it is added back into the list at the appropriate place

based on its delay time.

Note: The real reason why the Timer example from section 2.4 would exit immediately if we didn’t build a loop, is because

the TimerQueue is a daemon thread. Daemon threads are service threads and when the Java virtual machine only has

daemon threads running it will exit because it assumes that no real work is being done. Normally this behavior is

desirable.

A Timer’s events are always posted in a thread-safe mannar to the event dispatching thread by sending it’s Runnable

object to SwingUtilities.invokeLater().

2.7JavaBeans architecture

Since we are concerned with creating Swing applications in this book, we need to understand and appreciate the fact

that every component in Swing is a JavaBean.



Note: If you are familiar with the JavaBeans component model you may want to skip to the next section.

2.7.1 The JavaBeans component model

The JavaBeans specification identifies five features that each bean is expected to provide. We will review these features

here, along with the classes and mechanisms that make them possible. The first thing to do is think of a simple

component, such as a button, and apply what we discuss here to this component. Second, we are assuming basic

knowledge of the Java Reflection API:

“Instances of Class represent classes and interfaces in a running Java application. ”
API

“A Method provides information about, and access to, a single method on a class or interface. ”
API

“A Field provides information about, and dynamic access to, a single field of a class or an interface. ”
API

2.7.2 Introspection

Introspection is the ability to discover the methods, properties, and events information of a bean. This is accomplished

through use of the java.beans.Introspector class. Introspector provides static methods to generate a

BeanInfo object containing all discoverable information about a specific bean. This includes information from each of

a bean’s superclasses, unless we specify which superclass introspection should stop at (i.e. we can specify the ‘depth’ of

an instrospection). The following retrieves all discoverable information of a bean:

BeanInfo myJavaBeanInfo = 

Introspector.getBeanInfo(myJavaBean);

A BeanInfo object partitions all of a bean’s information into several groups, some of which are:

• A BeanDescriptor: provides general descriptive information such as a display name.

• An array of EventSetDescriptors: provides information about a set of events a bean fires. These can be used

to, among other things, retrieve that bean’s event listener related methods as Method instances.

• An array of MethodDescriptors: provides information about the methods of a bean that are externally

accessible (this would include, for instance, all public methods). This information is used to construct a Method

instance for each method.

• An array of PropertyDescriptors: provides information about each property that a bean maintains which can

be accessed through get, set, and/or is methods. These objects can be used to construct Method and Class

instances corresponding to that property’s accessor methods and class type respectively.

2.7.3 Properties

As we discussed in section 2.1.1, beans support different types of properties. Simple properties are variables such that,

when modified, a bean will do nothing. Bound and constrained properties are variables such that, when modified, a

bean will send notification events to any listeners. This notification takes the form of an event object which contains the 

property name, the old property value, and the new property value. Whenever a bound property changes, the bean

should send out a PropertyChangeEvent. Whenever a constrained property is about to change, the bean should send

out a PropertyChangeEvent before the change occurs, allowing it to possibly be vetoed. Other objects can listen for

these events and process them accordingly (which leads to communication).



Associated with properties are a bean’s setXX()/getXX() and isXX() methods. If a setXX() method is available

the associated property is said to be writeable. If a getXX() or isXX() method is available the associated property is

said to be readable. An isXX() method normally corresponds to retrieval of a boolean property (occasionaly getXX()

methods are used for this as well).

2.7.4 Customization

A bean’s properties are exposed through its setXX()/getXX() and isXX() methods, and can be modified at run-time

(or design-time). JavaBeans are commonly used in interface development environments where property sheets can be

displayed for each bean allowing read/write (depending on the available accessors) property functionality.

2.7.5 Communication

Beans are designed to send events that notify all event listeners registered with that bean, when a bound or constrained

property changes value. Apps are constructed by registering listeners from bean to bean. Since we can use introspection

to determine event sending and receiving information about any bean, design tools can take advantage of this

knowledge to allow more powerful, design-time customization. Communication is the basic glue that holds an

interactive GUI together.

2.7.6 Persistency

All JavaBeans must implement the Serializable interface (directly or indirectly) to allow serialization of their state

into persistent storage (storage that exists beyond program termination). All objects are saved except those declared

transient. (Note that JComponent directly implements this interface.)

Classes which need special processing during serialization need to  implement the following private methods:

private void writeObject(java.io.ObjectOutputStreamout) and 

private void readObject(java.io.ObjectInputStream in ) 

These methods are called to write or read an instance of this class to a stream. Note that the default serialization

mechanism will be invoked to serialize all sub-classes because these are private methods. (Refer to the API

documentation or Java tutorial for more information about serialization.)

Note: As of the first release of Java 2, JComponent implements readObject() and writeObject() as private. All

subclasses need to implement these methods if special processing is desired. Currently long-term persistance is not

recommended and is subject to change in future releases. However, there is nothing wrong with implementing Short-term

persistance (e.g. for RMI, misc. data transfer, etc.).

Classes that intend to take comple control of their serialization and deserialization should, instead, implement the

Externalizable interface.

Two methods are defined in the Externalizable interface:

public void writeExternal(ObjectOutput out)

public void readExternal(ObjectInput in)



These methods will be invoked when writeObject() and readObject() (discussed above) are invoked to handle

any serialization/deserialization.

2.7.7 A simple Swing-based JavaBean

The following code demonstrates how to build a Swing-based JavaBean with simple, bound, constrained, and ‘change’

properties.

The code: BakedBean.java

see \Chapter1\1

import javax.swing.*;

import javax.swing.event.*;

import java.beans.*;

import java.awt.*;

import java.io.*;

public class BakedBean extends JComponent implements Externalizable

{

// Property names (only needed for bound or constrained properties)

public static final String BEAN_VALUE = "Value";

public static final String BEAN_COLOR = "Color";

// Properties

private Font m_beanFont; // simple

private Dimension m_beanDimension; // simple

private int m_beanValue; // bound

private Color m_beanColor; // constrained

private String m_beanString; // change

// Manages all PropertyChangeListeners

protected SwingPropertyChangeSupport m_supporter = 

new SwingPropertyChangeSupport(this);

// Manages all VetoableChangeListeners

  protected VetoableChangeSupport m_vetoer = 

new VetoableChangeSupport(this);

// Only one ChangeEvent is needed since the event's only 

// state is the source property. The source of events generated

// is always "this". You’ll see this in lots of Swing source.

protected transient ChangeEvent m_changeEvent = null;

// This can manage all types of listeners, as long as we set

// up the fireXX methods to correctly look through this list.



// This makes you appreciate the XXSupport classes.

protected EventListenerList m_listenerList = 

new EventListenerList();

public BakedBean() {

m_beanFont = new Font("SanSerif", Font.BOLD | Font.ITALIC, 12);

m_beanDimension = new Dimension(150,100);

m_beanValue = 0;

m_beanColor = Color.black;

m_beanString = "BakedBean #";

  }

public void paintComponent(Graphics g) {

super.paintComponent(g);

g.setColor(m_beanColor);

g.setFont(m_beanFont);

g.drawString(m_beanString + m_beanValue,30,30);

  }

public void setBeanFont(Font font) {

m_beanFont = font;

  }

public Font getBeanFont() {

return m_beanFont;

  }

public void setBeanValue(int newValue) {

int oldValue = m_beanValue;

m_beanValue = newValue;

// Notify all PropertyChangeListeners

m_supporter.firePropertyChange(BEAN_VALUE,

new Integer(oldValue), new Integer(newValue));

  }

public int getBeanValue() {

return m_beanValue;

  }

public void setBeanColor(Color newColor) 

throws PropertyVetoException {

Color oldColor = m_beanColor;



// Notify all VetoableChangeListeners before making change

// ...exception will be thrown here if there is a veto

// ...if not we continue on and make the change

m_vetoer.fireVetoableChange(BEAN_COLOR, oldColor, newColor);

m_beanColor = newColor;

m_supporter.firePropertyChange(BEAN_COLOR, oldColor, newColor);

  }

public Color getBeanColor() {

return m_beanColor;

  }

public void setBeanString(String newString) {

m_beanString = newString;

// Notify all ChangeListeners

fireStateChanged();

  }

public String getBeanString() {

return m_beanString;

  }

public void setPreferredSize(Dimension dim) {

m_beanDimension = dim;

  }

public Dimension getPreferredSize() {

return m_beanDimension;

  }

public void setMinimumSize(Dimension dim) {

m_beanDimension = dim;

  }

public Dimension getMinimumSize() {

return m_beanDimension;

  }

public void addPropertyChangeListener(

PropertyChangeListener l) {

m_supporter.addPropertyChangeListener(l);

}



public void removePropertyChangeListener(

PropertyChangeListener l) {

m_supporter.removePropertyChangeListener(l);

  }

public void addVetoableChangeListener(

VetoableChangeListener l) { 

m_vetoer.addVetoableChangeListener(l);

}

public void removeVetoableChangeListener(

VetoableChangeListener l) { 

m_vetoer.removeVetoableChangeListener(l);

  }

// Remember that EventListenerList is an array of

// key/value pairs:

// key = XXListener class reference

// value = XXListener instance

public void addChangeListener(ChangeListener l) {

m_listenerList.add(ChangeListener.class, l);

  }

public void removeChangeListener(ChangeListener l) {

m_listenerList.remove(ChangeListener.class, l);

  }

// This is typical EventListenerList dispatching code.

// You’ll see this in lots of Swing source.

protected void fireStateChanged() {

Object[] listeners = m_listenerList.getListenerList();

// Process the listeners last to first, notifying

// those that are interested in this event

for (int i = listeners.length-2; i>=0; i-=2) {

if (listeners[i]==ChangeListener.class) {

if (m_changeEvent == null)

m_changeEvent = new ChangeEvent(this);

((ChangeListener)listeners[i+1]).stateChanged(m_changeEvent);

}

    }

  }

public void writeExternal(ObjectOutput out) throws IOException {



out.writeObject(m_beanFont);

out.writeObject(m_beanDimension);

out.writeInt(m_beanValue);

out.writeObject(m_beanColor);

out.writeObject(m_beanString);

  }

public void readExternal(ObjectInput in)

throws IOException, ClassNotFoundException {

setBeanFont((Font)in.readObject());

setPreferredSize((Dimension)in.readObject());

    // Use preferred size for minimum size..

setMinimumSize(getPreferredSize());

setBeanValue(in.readInt());

try {

setBeanColor((Color)in.readObject());

    }

catch (PropertyVetoException pve) {

System.out.println("Color change vetoed..");

    }

setBeanString((String)in.readObject());

  }

public static void main(String[] args) {

JFrame frame = new JFrame("BakedBean");

frame.getContentPane().add(new BakedBean());

frame.setVisible(true);

frame.pack();

  }

}

BakedBean has a visual representation (not a requirement for a bean). It has properties: m_beanValue,

m_beanColor, m_beanFont, m_beanDimension, and m_beanString. It supports persistency by implementing

the Externalizable interface and implementing the writeExternal() and readExternal() methods to

control its own serialization (note that the order in which data is written and read match). BakedBean supports

customization through its setXX() and getXX() methods, and it supports communication by allowing the registration

of PropertyChangeListeners, VetoableChangeListeners, and ChangeListeners. And, without having to

do anything special, it supports introspection.

Attaching a main method to display BakedBean in a frame does not get in the way of any JavaBeans functionality.

Figure 2.1 shows BakedBean when executed as an application.



Figure 2.1 BakedBean in our custom  JavaBeans propertyeditor

<<file figure2-1.gif>>

In chapter 18 (section 18.9) we construct a full-featured JavaBeans property editing environment. Figure 2.2 shows a

BakedBean instance in this environment. The BakedBean shown has had its m_beanDimension, m_beanColor,

and m_beanValue properties modified with our property editor and was then serialized to disk. What figure 2.2 really

shows is an instance of that BakedBean after it had been deserialized (loaded from disk). Note that any Swing

component can be created, modified, serialized, and deserialized using this environment because they are all JavaBeans

compliant!

Figure 2.2 BakedBean in our custom  JavaBeans propertyeditor

<<file figure2-2.gif>>

2.8Fonts, Colors, Graphics and text

2.8.1 Fonts

class java.awt.Font, abstract class java.awt.GraphicsEnvironment

As we saw in BakedBean above, fonts are quite easy to create:

m_beanFont = new Font("SanSerif", Font.BOLD | Font.ITALIC, 12);

In this code "SanSerif" is the font name, Font.Bold | Font.PLAIN is the style (which in this case is both bold

and italic), and 12 is the size. The Font class defines three static int constants to denote font style: Font.BOLD,

Font.ITALIC, FONT.PLAIN. We can specify font size as any int in the Font constructor (as shown above). Using



Java 2, in order to get a list of available font names at run-time we ask the local GraphicsEnvironment:

GraphicsEnvironment ge = GraphicsEnvironment.

getLocalGraphicsEnvironment();

String[] fontNames = ge.getAvailableFontFamilyNames();

Note: Java 2 introduces a whole new powerful mechanism for communicating with devices that can render graphics, such as

screens, printers or image bufferes. These devices are represented as instances of the GraphicsDevice class.

Interstingly, a GraphicsDevice might reside on the local machine, or it might reside on a remote machine. Each

GraphicsDevice has a set of GraphicsConfiguration objects associated with it. A

GraphicsConfiguration describes specific characteristics of the associated device. Usually each

GraphicsConfiguration of a GraphicsDevice represents a different mode of operation (for instance

resolution and number of colors).

Note: In JDK1.1 code, getting a list of font names often looked like this:

String[] fontnames = Toolkit.getDefaultToolkit().getFontList();

The Toolkit.getFontList() method has been deprecated in Java 2 and this code should be updated.

GraphicsEnvironment is an abstract class that describes a collection of GraphicsDevices. Subclasses of

GraphicsEnvironment must provide three methods for retreiving arrays of Fonts and Font information:

Font[] getAllFonts(): retreives all available Fonts in one-point size.

String[] getAvailableFontFamilyNames(): retreives the names of all font families available.

String[] getAvailableFontFamilyNames(Locale l): retreives the names of all font families

available using the specifice Locale (internationalization support).

GraphicsEnvironment also provides static methods for retrieving GraphicsDevices and the local

GraphicsEnvironment instance. In order to find out what Fonts are available to the system our program is running

on, we must refer to this local GraphicsEnvironment instance, as shown above. It is much more efficient and

convenient to retreive the available names and use them to construct Fonts than it is to retreive an actual array of Font

objects (no less, in one-point size).

We might think that, given a Font object, we can use typical getXX()/setXX() accessors to alter its name, style, and

size. Well, we would be half right. We can use getXX() methods to retrieve this information from a Font:

String getName()

int getSize()

float getSize2D()

int getStyle

However, we cannot use typical setXX() methods. Instead we must use one of the following Font instance methods

to derive a new Font:



deriveFont(float size)

deriveFont(int style)

deriveFont(int style, float size)

deriveFont(Map attributes)

deriveFont(AffineTransform trans)

deriveFont(int style, AffineTransform trans)

Normally we will only be interested in the first three methods. 

Note: AffineTransforms are used in the world of Java 2D to perform things such as translations, scales, flips, rotations,

and shears. A Map is an object that maps keys to values (it does not contain the objects involved) and the attributes

referred to here are key/value pairs as described in the API docs for java.text.TextAttribute (this class is

defined in the java.awt.font package that is new to Java 2, and considered part of Java 2D -- see chapter 23).

2.8.2 Colors

The Color class provides several static Color instances to be used for convenience (e.g. Color.blue,

Color.yellow, etc.). We can also construct a Color using, among others, the following constructors:

Color(float r, float g, float b)

Color(int r, int g, int b)

Color(float r, float g, float b, float a)

Color(int r, int g, int b, int a)

Normally we use the first two methods, and those familiar with JDK1.1 will most likely recognize them. The first

allows red, green, and blue values to be specified as floats from 0.0 to 1.0. The second takes these values as ints

from 0 to 255.

The second two methods are new to Java 2. They each contain a fourth parameter which represents the Color’s alpha

value. The alpha value directly controls transparency. It defaults to 1.0 or 255 which means completely opaque. 0.0 or 0

means completely transparent.

Note that, as with Fonts, there are plenty of getXX() accessors but no setXX() accessors. Instead of modifying a

Color object we are normally expected to create a new one.

Note: The Color class does have static brighter() and darker() methods that return a Color brighter or darker than

the Color specified, but their behavior is unpredicatble due to internal rounding errors and we suggest staying away

from them for most practical purposes.

By specifying an alpha value we can use the resulting Color as a component’s background to make it transparent!

This will work for any lightweight component provided by Swing such as labels, text components, internal frames, etc.

Of course there will be component-specific issues involved (such as making the borders and title bar of an internal



frame transparent). The next section demonstrates a simple Swing canvas example showing how to use the alpha value

to paint some transparent shapes.

Note: A Swing component’s opaque property, controlled using setOpaque(), is not directly related to Color transparency.

For instance, if we have an opaque JLabel whose background has been set to a transparent green (e.g.

Color(0,255,0,150)) the label’s bounds will be completely filled with this color only because it is opaque. We

will be able to see through it only because the color is transparent. If we then turn off opacity the background of the label

would not be rendered. Both need to be used together to create transparent components, but they are not directly related.

2.8.3 Graphics and text

abstract class java.awt.Graphics, abstract class java.awt.FontMetrics

Painting is much different in Swing than it is in AWT. In AWT we typically override Component’s paint() method

to do rendering and the update() method for things like implementing our own double-buffering or filling the

background before paint() is called.

With Swing, component rendering is much more complex. Though JComponent is a subclass of Component, it uses

the update() and paint() methods for different reasons. In fact, the update() method is never invoked at all.

There are also five additional stages of painting that normally occur from within thepaint() method. We will discuss

this process in section 2.11, but it suffices to say here that any JComponent subclass that wants to take control of its

own rendering should override the paintComponent() method and not the paint() method. Additionally, it should

always begin its paintComponent() method with a call to super.paintComponent().

Knowing this, it is quite easy to build a JComponent that acts as our own lightweight canvas. All we have to do is

subclass it and override the paintComponent() method. Inside this method we can do all of our painting. This is

how to take control of the rendering of simple custom components. However, this should not be attempted with normal

Swing components because UI delegates are in charge of their rendering (we will see how to take customize UI delegate

rendering at the end of chapter 6, and throughout chapter 21).

Note: The awt Canvas class can be replaced by a simplified version of the JCanvas class we define in the following

example.

Inside the paintComponent() method we have access to that component’s Graphics object (often referred to as a

component’s graphics context) which we can use to paint shapes and draw lines and text. The Graphics class defines

many methods used for these purposes and we refer you to the API docs for these. The following code shows how to

construct a JComponent subclass that paints an ImageIcon and some shapes and text using various Fonts and

Colors, some completely opaque and some partially transparent (we saw similar, but less interesting, functionality in

BakedBean). Figure 2.3 illustrates.



Figure 2.3 Graphics dem o in a lightw eightcanvas.

<<file figure2-3.gif>>

The Code: TestFrame.java

see \Chapter1\2

import java.awt.*;

import javax.swing.*;

class TestFrame extends JFrame

{

public TestFrame() {

super( "Graphics demo" );

getContentPane().add(new JCanvas());

  }

public static void main( String args[] ) {

TestFrame mainFrame = new TestFrame();

mainFrame.pack();

mainFrame.setVisible( true );

  }

}



class JCanvas extends JComponent {

private static Color m_tRed = new Color(255,0,0,150);

private static Color m_tGreen = new Color(0,255,0,150);

private static Color m_tBlue = new Color(0,0,255,150);

private static Font m_biFont = 

new Font("Monospaced", Font.BOLD | Font.ITALIC, 36);

private static Font m_pFont = 

new Font("SanSerif", Font.PLAIN, 12);

private static Font m_bFont = new Font("Serif", Font.BOLD, 24);

private static ImageIcon m_flight = new ImageIcon("flight.gif");

public JCanvas() {

setDoubleBuffered(true);

setOpaque(true);

  }

public void paintComponent(Graphics g) {

super.paintComponent(g);

// fill entire component white

g.setColor(Color.white);

g.fillRect(0,0,getWidth(),getHeight());

// filled yellow circle

g.setColor(Color.yellow);

g.fillOval(0,0,240,240);

// filled magenta circle

g.setColor(Color.magenta);

g.fillOval(160,160,240,240);

// paint the icon below blue sqaure

int w = m_flight.getIconWidth();

int h = m_flight.getIconHeight();

m_flight.paintIcon(this,g,280-(w/2),120-(h/2));

// paint the icon below red sqaure

m_flight.paintIcon(this,g,120-(w/2),280-(h/2));

// filled transparent red square

g.setColor(m_tRed);

g.fillRect(60,220,120,120);



// filled transparent green circle

g.setColor(m_tGreen);

g.fillOval(140,140,120,120);

// filled transparent blue square

g.setColor(m_tBlue);

g.fillRect(220,60,120,120);

g.setColor(Color.black);

// Bold, Italic, 36-point "Swing"

g.setFont(m_biFont);

FontMetrics fm = g.getFontMetrics();

w = fm.stringWidth("Swing");

h = fm.getAscent();

g.drawString("Swing",120-(w/2),120+(h/4));

// Plain, 12-point "is"

g.setFont(m_pFont);

fm = g.getFontMetrics();

w = fm.stringWidth("is");

h = fm.getAscent();

g.drawString("is",200-(w/2),200+(h/4));

// Bold 24-point "powerful!!"

g.setFont(m_bFont);

fm = g.getFontMetrics();

w = fm.stringWidth("powerful!!");

h = fm.getAscent();

g.drawString("powerful!!",280-(w/2),280+(h/4));

  }

// Most layout managers need this information

public Dimension getPreferredSize() {

return new Dimension(400,400);

  }

public Dimension getMinimumSize() {

return getPreferredSize();

  }

public Dimension getMaximumSize() {

return getPreferredSize();



  }

}

Note that we override JComponent’s getPreferredSize(), getMinimumSize(), and getMaximumSize(),

methods so most layout managers can intelligably size this component (otherwise some layout managers will set its size

to 0x0). It is always good practice to override these methods when implementing custom components.

The Graphics class uses what is called the clipping area. Inside a component’s paint() method, this is the region of

that component’s view that is being repainted (we often say that the clipping area represents the damaged or dirtied

region of the component’s view). Only painting done within the clipping area’s bounds will actually be rendered. We

can get the size and position of these bounds by calling getClipBounds() which will give us back a Rectangle

instance describing it. The reason a clipping area is used is for efficiency purposes: there is no reason to paint

undamaged or invisible regions when we don’t have to. (We will show how to extend this example to work with the

clipping area for maximum efficiency in the next section).

Note: All Swing components are double buffered by default. If we are building our own lightweight canvas we do not have to

worry about double-buffering. This is not the case with an awt Canvas.

As we mentioned earlier, Fonts and Font manipulation is very complex under the hood. We are certainly glossing

over their structure, but one thing we should discuss is how to obtain useful information about fonts and the text

rendered using them. This involves use of the FontMetrics class. In the example above, FontMetrics allowed us

to determine the width and hieght of three Strings, rendered in the current Font associated with the Graphics

object, so that we could draw them centered in the circles.

Figure 2.4 illustrates some of the most common information that can be retreived from a FontMetrics object. The

meaning of baseline, ascent, descent, and height should be clear from the diagram. The ascent is supposed to be the

distance from the baseline to the top of most characters in that font. Note that when we use g.drawString() to

render text, the coordinates specified represent the position to place the baseline of the first character.

FontMetrics provides several methods for retrieving this and more detailed information, such as the width of a

String rendered in the associated Font.

Figure 2.4 Using FontM etrics

<<file figure2-4.gif>>

In order to get a FontMetrics instance we first tell our Graphics object to use the Font we are intersted in



examining using the setFont() method. Then we create the FontMetrics instance by calling getFontMetrics()

on our Graphics object:

g.setFont(m_biFont);

FontMetrics fm = g.getFontMetrics();

A typical operation when rendering text is to center it on a given point. Suppose we want to center the text “Swing” on

200,200. Here is the code we would use (assuming we have retrieved the FontMetrics object, fm, as shown above):

int w = fm.stringWidth("Swing");

int h = fm.getAscent();

g.drawString("Swing",200-(w/2),200+(h/4));

We get the width of “Swing” in the current font, divide it by two, and subtract it from 200 to center the text horizontally.

To center it vertically we get the ascent of the current font, divide it by four, and add 200. The reason we divide the

ascent by four is probably NOT so clear.

It is now time to address a common mistake that has arisen with Java 2. Figure 2.4 is not an accurate way to document

FontMetrics. This is the way we have seen things documented in the Java tutorial and just about everywhere else

that we have referenced. However, there appears to be a few problems with FontMetrics as of Java 2 FCS. Here

we’ll write a simple program that demonstrates these problems. Our program will draw the text “Swing” in a 36-point

bold, monospaced font. We draw lines where its ascent, ascent/2, ascent/4, baseline, and descent lie. Figure 2.5

illustrates.

Figure 2.5 The realdealw ith FontM etrics in Java 2

<<file figure2-5.gif>>

The Code: TestFrame.java

See \Chapter1\2\fontmetrics

import java.awt.*;

import javax.swing.*;

class TestFrame extends JFrame

{

public TestFrame() {

super( "Lets get it straight!" );



getContentPane().add(new JCanvas());

  }

public static void main( String args[] ) {

TestFrame mainFrame = new TestFrame();

mainFrame.pack();

mainFrame.setVisible( true );

  }

}

class JCanvas extends JComponent

{

private static Font m_biFont = new Font("Monospaced", Font.BOLD, 36);

public void paintComponent(Graphics g) {

g.setColor(Color.black);

// Bold 36-point "Swing"

g.setFont(m_biFont);

FontMetrics fm = g.getFontMetrics();

int h = fm.getAscent();

g.drawString("Swing",50,50); // Try these as well: Ñ Ö Ü ^

// draw Ascent line

g.drawLine(10,50-h,190,50-h);

// draw Ascent/2 line

g.drawLine(10,50-(h/2),190,50-(h/2));

// draw Ascent/4 line

g.drawLine(10,50-(h/4),190,50-(h/4));

// draw baseline line

g.drawLine(10,50,190,50);

// draw Descent line

g.drawLine(10,50+fm.getDescent(),190,50+fm.getDescent());

  }

public Dimension getPreferredSize() {

return new Dimension(200,100);

  }

}



We encourage you to try this demo program with various different fonts, font sizes, and even characters with diacritical

marks such as Ñ, Ö, or Ü. You will find that the ascent is always much higher than it is typically documented to be, and

the descent is always lower. The most reliable means of vertically centering text we found turned out to be baseline +

ascent/4. However, baseline + descent might also be used and, depending on the font in use, may provide more accurate

centering.

The point is that there is no correct way to perform this task due to the current state of FontMetrics in Java 2.You

may experience very different results if not using the first release of Java 2. It is a good idea to run this program and

verify whether or not results similar to those shown in figure 2.5 are produced on your system. If not you will want to

use a different centering mechanism for your text which should be fairly simple to determine through experimentation

with this application.

Note: In JDK1.1 code, getting a FontMetrics instance often looked like this: 

FontMetrics fm = Toolkit.getDefaultToolkit().getFontMetrics(myfont);

The Toolkit.getFontMetrics method has been deprecated in Java 2 and this code should be updated.

2.9Using the Graphics clipping area

We can use the clipping area to optimize component rendering. This may not noticably improve rendering speed for

simple components such as our JCanvas above, but it is important to understand how to implement such functionality,

as Swing’s whole painting system is based on this concept (we will find out more about this in the next section).

We now modify JCanvas so that each of our shapes, strings, and images is only painted if the clipping area intersects

its bounding rectangular region. (These intersections are fairly simple to compute, and it may be helpful for you to work

through, and verify each one.) Additionaly, we maintain a local counter that is incremented each time one of our items

is painted. At the end of the paintComponent() method we display the total number of items that were painted.

Below is our optimized JCanvas paintComponent() method (with counter):

The Code: JCanvas.java

see \Chapter1\3

public void paintComponent(Graphics g) {

super.paintComponent(g);

// counter

int c = 0;

// for use below

int w = 0;

int h = 0;

int d = 0;



// get damaged region

Rectangle r = g.getClipBounds();

int clipx = r.x;

int clipy = r.y;

int clipw = r.width;

int cliph = r.height;

// fill only damaged region only

g.setColor(Color.white);

g.fillRect(clipx,clipy,clipw,cliph);

// filled yellow circle if bounding region has been damaged

if (clipx <= 240 && clipy <= 240) {

g.setColor(Color.yellow);

g.fillOval(0,0,240,240); c++;

    }

// filled magenta circle if bounding region has been damaged

if (clipx + clipw >= 160 && clipx <= 400

&& clipy + cliph >= 160 && clipy <= 400) {

g.setColor(Color.magenta);

g.fillOval(160,160,240,240); c++;

    }

w = m_flight.getIconWidth();

h = m_flight.getIconHeight();

// paint the icon below blue sqaure if bounding region damaged

if (clipx + clipw >= 280-(w/2) && clipx <= (280+(w/2))

&& clipy + cliph >= 120-(h/2) && clipy <= (120+(h/2))) {

m_flight.paintIcon(this,g,280-(w/2),120-(h/2)); c++;

    }

// paint the icon below red sqaure if bounding region damaged

if (clipx + clipw >= 120-(w/2) && clipx <= (120+(w/2))

&& clipy + cliph >= 280-(h/2) && clipy <= (280+(h/2))) {

m_flight.paintIcon(this,g,120-(w/2),280-(h/2)); c++;

    }

// filled transparent red square if bounding region damaged

if (clipx + clipw >= 60 && clipx <= 180

&& clipy + cliph >= 220 && clipy <= 340) {

g.setColor(m_tRed);

g.fillRect(60,220,120,120); c++;

    }



// filled transparent green circle if bounding region damaged

if (clipx + clipw > 140 && clipx < 260

&& clipy + cliph > 140 && clipy < 260) {

g.setColor(m_tGreen);

g.fillOval(140,140,120,120); c++;

    }

// filled transparent blue square if bounding region damaged

if (clipx + clipw > 220 && clipx < 380

&& clipy + cliph > 60 && clipy < 180) {

g.setColor(m_tBlue);

g.fillRect(220,60,120,120); c++;

    }

g.setColor(Color.black);

g.setFont(m_biFont);

FontMetrics fm = g.getFontMetrics();

w = fm.stringWidth("Swing");

h = fm.getAscent();

d = fm.getDescent();

// Bold, Italic, 36-point "Swing" if bounding regiondamaged

if (clipx + clipw > 120-(w/2) && clipx < (120+(w/2))

&& clipy + cliph > (120+(h/4))-h && clipy < (120+(h/4))+d) 

    {

g.drawString("Swing",120-(w/2),120+(h/4)); c++;

    }

g.setFont(m_pFont);

fm = g.getFontMetrics();

w = fm.stringWidth("is");

h = fm.getAscent();

d = fm.getDescent();

// Plain, 12-point "is" if bounding region damaged

if (clipx + clipw > 200-(w/2) && clipx < (200+(w/2))

&& clipy + cliph > (200+(h/4))-h && clipy < (200+(h/4))+d) 

    {

g.drawString("is",200-(w/2),200+(h/4)); c++;

    }

g.setFont(m_bFont);

fm = g.getFontMetrics();

w = fm.stringWidth("powerful!!");



h = fm.getAscent();

d = fm.getDescent();

// Bold 24-point "powerful!!" if bounding region damaged

if (clipx + clipw > 280-(w/2) && clipx < (280+(w/2))

&& clipy + cliph > (280+(h/4))-h && clipy < (280+(h/4))+d) 

    {

g.drawString("powerful!!",280-(w/2),280+(h/4)); c++;

    }

System.out.println("# items repainted = " + c + "/10");

  }

Try running this example and dragging another window in your desktop over parts of the JCanvas. Keep your console

in view so that you can monitor how many items are painted during each repaint. Your output should be displayed

something like the following (of course you’ll probably see different numbers):

# items repainted = 4/10

# items repainted = 0/10

# items repainted = 2/10

# items repainted = 2/10

# items repainted = 1/10

# items repainted = 2/10

# items repainted = 10/10

# items repainted = 10/10

# items repainted = 8/10

# items repainted = 4/10

Optimizing this canvas wasn’t that bad, but imagine how tough it would be to optimize a container with a variable

number of children, possibly overlapping, with double-buffering options and transparency. This is what JComponent

does, and it does it quite efficiently. We will learn a little more about how this is done in section 2.11. But first we’ll

finish our high level overview of graphics by introducing a very powerful and well-met feature new to Swing: graphics

debugging.

2.10 Graphics debugging 

Graphics debugging provides the ability to observe each painting operation that occurs during the rendering of a

component and all of its children. This is done in slow-motion, using distinct flashes to indicate the region being painted. 

It is intended to help find problems with rendering, layouts, and container hierarchies -- just about anything display

related. If graphics debugging is enabled, the Graphics object used in painting is actually an instance of

DebugGraphics (a subclass of Graphics). JComponent, and thus all Swing components, support graphics

debugging and it can be turned on/off with JComponent’s setDebugGraphicsOptions() method. This method

takes an int parameter which is normally one of (or a bitmask combination -- using the bitwise | operator) four static

values defined in DebugGraphics.



2.10.1 Graphics debugging options

1. DebugGraphics.FLASH_OPTION: Each paint operation flashes a specified number of times, in a specified flash

color, with a specified flash interval. The default values are: 250ms flash interval, 4 flashes, and red flash color. These

values can be set with the following DebugGraphics static methods:

setFlashTime(int flashTime)

setFlashCount(int flashCount)

setFlashColor(Color flashColor)

If we don’t disable double-buffering in the RepaintManager (discussed in the next section) we will not see the

painting as it occurs:

RepaintManager.currentManager(null).

setDoubleBufferingEnabled(false);

Note: Turning off buffering in the RepaintManager has the effect of ignoring every component’s doubleBuffered

property.

2. DebugGraphics.LOG_OPTION: This sends messages describing each paint operation as they occur. By default

these messages are directed to standard output (the console -- System.out). However, we can change the log

destination with DebugGraphics’ static setLogStream() method. This method takes a PrintStream parameter.

To send output to a file we would do something like the following:

PrintStream debugStream = null;

try {

debugStream = new PrintStream(

new FileOutputStream("JCDebug.txt"));

}

catch (Exception e) { 

System.out.println("can't open JCDebug.txt..");

    }

DebugGraphics.setLogStream(debugStream);

If at some point we need to change the log stream back to standard output:

DebugGraphics.setLogStream(System.out);

We can insert any string into the log by retreiving it with DebugGraphics’ static logStream() method, and then

printing into it:

PrintStream ps = DebugGraphics.logStream();

ps.println("\n===> paintComponent ENTERED <===");



Warning: Writing a log to a file will overwrite that file each time we reset the stream.

Each operation is printed with the following syntax:

"Graphics" + (isDrawingBuffer() ? "<B>" : "") + 

"(" + graphicsID + "-" + debugOptions + ")"

Each line starts with “Graphics.” The isDrawingBuffer() method tells us whether buffering is enabled. If it is, a

“<B>” is appended. The graphicsID and debugOptions values are then placed in parenthesis, and separated by a

“-”. The graphicsID value represents the number of DebugGraphics instances that have been created during the

application’s lifetime (i.e. it’s a static int counter). The debugOptions value represents the current debugging mode:

LOG_OPTION = 1

LOG_OPTION and FLASH_OPTION = 3

LOG_OPTION and BUFFERED_OPTION = 5

LOG_OPTION, FLASH_OPTION, and BUFFERED_OPTION = 7

For example, with logging and flashing enabled, we see output similar to this for each operation:

Graphics(1-3) Setting color: java.awt.Color[r=0,g=255,b=0]

Calls to each Graphics method will get logged when this option is enabled. The above line was generated when a call

to setColor()was made.

3. DebugGraphics.BUFFERED_OPTION: This is supposed to pop up a frame showing rendering as it occurs in the

offscreen buffer if double-buffereing is enabled. As of the Java 2 FCS this option is not functional.

4. DebugGraphics.NONE_OPTION: This nullifies graphics debugging settings and basically shuts it off.

2.10.2 Graphics debugging caveats

There are several issues to be aware of when using graphics debugging:

1. Graphics debugging will not work for any component whose UI is null. Thus, if you have created a direct

JComponent subclass without a UI delegate, as we did with JCanvas above, graphics debugging will simply do

nothing. The simplest way to work around this is to define a trivial (empty) UI delegate. We’ll show how to do this in

the example below.

2. DebugGraphics does not properly clean up after itself. By default, a solid red flash color is used. When a region is

flashed, that region is filled in with this red flash color and it does not get erased (it just gets painted over). This presents

a problem because transparent rendering will not show up transparent. Instead, it will be alpha-blended with the red

below (or whatever the flash color happens to be set to). This is not necessarily a design flaw because there is nothing

stopping us from using a completely transparent flash color. With an alpha value of 0 the flash color will never be seen.

The only downside is that we don’t see any flashing. However, in most cases it is easy to follow what is being drawn if

we set the flashTime and flashCount to wait long enough between operations.



2.10.3 Using graphics debugging

We now enable graphics debugging in our JCanvas example from the last two sections. Because we must have a

non-null UI delegate, we define a trivial extension of ComponentUI and implement its createUI() method to return

a static instance of itself:

class EmptyUI extends ComponentUI 

  {

private static final EmptyUI sharedInstance = new EmptyUI();

public static ComponentUI createUI(JComponent c) {

return sharedInstance;

    }

  }

In order to properly associate this UI delegate with JCanvas we simply call

super.setUI(EmptyUI.createUI(this)) from the JCanvas constructor. We also set up a PrintStream

variable in JCanvas and use it to add a few of our own lines to the log stream during the paintComponent method

(to log when the method starts and finishes). Other than this, no changes have been made to the JCanvas’s

paintComponent() code.

In our test application, TestFrame, we create an instance of JCanvas and enable graphics debugging with the

LOG_OPTION and FLASH_OPTION options. We disable buffering in the RepaintManager, set the flash time to

100ms, set the flash count to 2, and use a completely transparent flash color.

The Code: TestFrame.java

see \Chapter1\4

import java.awt.*;

import javax.swing.*;

import javax.swing.plaf.*;

import java.io.*;

class TestFrame extends JFrame

{

public TestFrame() {

super( "Graphics demo" );

JCanvas jc = new JCanvas();

RepaintManager.currentManager(jc).

setDoubleBufferingEnabled(false);

jc.setDebugGraphicsOptions(DebugGraphics.LOG_OPTION |

DebugGraphics.FLASH_OPTION);

DebugGraphics.setFlashTime( 100 );

DebugGraphics.setFlashCount( 2 );

DebugGraphics.setFlashColor(new Color(0,0,0,0));



getContentPane().add(jc);

  }

public static void main( String args[] ) {

TestFrame mainFrame = new TestFrame();

mainFrame.pack();

mainFrame.setVisible( true );

  }

}

class JCanvas extends JComponent

{

// Unchanged code from section 2.9

private PrintStream ps;

public JCanvas() {

super.setUI(EmptyUI.createUI(this));

  }

public void paintComponent(Graphics g) {

super.paintComponent(g);

ps = DebugGraphics.logStream();

ps.println("\n===> paintComponent ENTERED <===");

// All painting code unchanged

ps.println("\n# items repainted = " + c + "/10");

ps.println("===> paintComponent FINISHED <===\n");

  }

// Unchanged code from section 2.9

}

class EmptyUI extends ComponentUI 

{

private static final EmptyUI sharedInstance = new EmptyUI();

public static ComponentUI createUI(JComponent c) {

return sharedInstance;

  }

}



By setting the LOG_OPTION, graphics debugging provides us with a more informative way of checking how well our

clipping area optimization (from the last section) works. When this example is run the following output should be seen

in your console (assuming you don’t obscure JCanvas’s visible region as it is painted for the first time):

Graphics(0-3) Enabling debug

Graphics(0-3) Setting color: 

javax.swing.plaf.ColorUIResource[r=0,g=0,b=0]

Graphics(0-3) Setting font:

javax.swing.plaf.FontUIResource[family=dialog,name=Dialog,

style=plain,size=12]

===> paintComponent ENTERED <===

Graphics(1-3) Setting color: java.awt.Color[r=255,g=255,b=255]

Graphics(1-3) Filling rect: java.awt.Rectangle[x=0,y=0,

width=400,height=400]

Graphics(1-3) Setting color: java.awt.Color[r=255,g=255,b=0]

Graphics(1-3) Filling oval: java.awt.Rectangle[x=0,y=0,

width=240,height=240]

Graphics(1-3) Setting color: java.awt.Color[r=255,g=0,b=255]

Graphics(1-3) Filling oval:

java.awt.Rectangle[x=160,y=160,width=240,height=240]

Graphics(1-3) Drawing image: sun.awt.windows.WImage@32a5625a at:

java.awt.Point[x=258,y=97]

Graphics(1-3) Drawing image: sun.awt.windows.WImage@32a5625a at:

java.awt.Point[x=98,y=257]

Graphics(1-3) Setting color: java.awt.Color[r=255,g=0,b=0]

Graphics(1-3) Filling rect:

java.awt.Rectangle[x=60,y=220,width=120,height=120]

Graphics(1-3) Setting color: java.awt.Color[r=0,g=255,b=0]

Graphics(1-3) Filling oval:

java.awt.Rectangle[x=140,y=140,width=120,height=120]

Graphics(1-3) Setting color: java.awt.Color[r=0,g=0,b=255]

Graphics(1-3) Filling rect:

java.awt.Rectangle[x=220,y=60,width=120,height=120]

Graphics(1-3) Setting color: java.awt.Color[r=0,g=0,b=0]

Graphics(1-3) Setting font:

java.awt.Font[family=monospaced.bolditalic,name=Mono

spaced,style=bolditalic,size=36]

Graphics(1-3) Drawing string: "Swing" at:

java.awt.Point[x=65,y=129]

Graphics(1-3) Setting font:

java.awt.Font[family=Arial,name=SanSerif,style=plain,size=12]

Graphics(1-3) Drawing string: "is" at: 

java.awt.Point[x=195,y=203]



Graphics(1-3) Setting font:

java.awt.Font[family=serif.bold,name=Serif,style=bold,size=24]

Graphics(1-3) Drawing string: "powerful!!" at: 

java.awt.Point[x=228,y=286]

# items repainted = 10/10

===> paintComponent FINISHED <===

2.11 Painting and validation
7

At the heart of JComponent’s painting and validation mechanism lies a service class called RepaintManager. It is

the RepaintManager that is responsible for sending painting and validation requests to the AWT system event queue

for dispatching. To summarize, it does this by intercepting repaint() and revalidate() requests, coalescing any

requests where possible, wrapping them in Runnable objects, and sending them to invokeLater(). There are a few

issues we have encountered in this chapter that deserve more attention here before we actually discuss details of the

painting and validation processes.

Note: This section contains a relatively exhaustive explanation of the most complex mechanism underlying Swing. If you are

relatively new to Java or Swing we encourage you to skim this section now, but to come back at a later time for a more

complete reading. If you are just looking for information on how to override and use your own painting methods, see

section 2.8. For customizing UI delegate rendering see chapter 21.

2.11.1 Double buffering

We’ve mentioned double-buffering, how to disable it in the RepaintManager, and how to specify the

double-buffering of individual components with JComponent’s setDoubleBuffered() method. But how does it

work?

Double buffering is the technique of painting into an off-screen image rather than painting directly to a visible

component. In the end, the resulting image is painted to the screen (which occurs relatively quickly). Using awt

components, developers were required to implement their own double-buffering to reduce flashing. It was clear that

double-buffering should be a built-in feature because of its widespread use. Thus, it is not much of a surprise to find this

feature in all Swing components.

Behind the scenes, double-buffering consists of creating an Image and retrieving its Graphics object to use in all

painting methods. If the component being repainted has children, this Graphics object will be passed down to them to

use for painting, and so on. So if we are using double-buffering for a component, all its children will also be using

double-buffering (whether or not they have double-buffering enabled or not) because they will be rendering into the

same Graphics object. Note that there is only one off-screen image per RepaintManager, and there is normally

only one RepaintManager instance per applet or application (RepaintManager is a service class that registers a

shared instance of itself with AppContext--see section 2.5).

7
For a higher level summary of the painting process, see the Swing Connection article: “Painting in AWT and Swing.”

http://java.sun.com/products/jfc/tsc/special_report/Painting/painting.html



As we discuss in chapter 3, JRootPane is the top-level Swing component in any window (this includes

JInternalFrame -- although it isn’t really a window). By enabling double-buffering on JRootPane, all of its

children will also be painted using double-buffering. As we saw in the last section, RepaintManager also provides

global control over all component double-buffering. So another way to guarantee that all components will use

double-buffering is to call:

RepaintManager.currentManager(null).setDoubleBufferingEnabled(true);

2.11.2 Optimized drawing

We didn’t really discuss the fact that components can overlap each other in Swing yet, but they can. JLayeredPane,

for example, is a container allowing any number of components to overlap each other. Repainting such a container is

much more complex than repainting a container we know does not allow overlapping, mainly because of the ability for

components to be transparent.

What does it mean for a component to be transparent? Technically this means its isOpaque() method returns false.

We can set this property by calling setOpaque(). What opacity means, in this context, is that a component will paint

every pixel within its bounds. If this is set to false, we are not guaranteed that this will happen. This is generally set to

true, but we will see that when it is set to false it increases the workload of the whole painting mechanism. Unless we

are constructing a component that must not fill its entire rectangular region (as we will do in chapter 5 with custom

polygonal buttons), we should always leave this set to true, as it is by default for most components. (This value is

normally set by a component’s UI delegate.)

JComponent’s isOptimizedDrawingEnabled() method is overriden to return true for almost all JComponent

subclasses except: JLayeredPane, JViewport, and JDesktopPane (a subclass of JLayeredpane). Basically,

calling this method is equivalent to asking a component: is it possible that any of your child components can overlap

each other? If it is then there is a lot more repainting work to do to take into account that fact that any number of

components, from virtually anywhere in our container hierarchy, can overlap each other. Additionaly, since components

can be transparent, components layered completely behind others may still show through. Such components are not

necessarily siblings (i.e. in the same container) because we could conceivably have several non-opaque containers

layered one on top of another. In situations like this, we must do a whole lot of ‘tree walking’ to figure out which

components need to be refreshed. If isOptimizedDrawingEnabled() is overriden to return true, then we assume

we do not have to consider any situations like this. Thus, painting becomes more efficient, or ‘optimized.’

2.11.3 Root validation

A revalidate() request is generated when a component needs to be laid out again. When a request is received from

a certail component there must be some way of determining whether laying that component out will affect anything

else/ JComponent’s isValidateRoot() method returns false for most components. Basically, calling this

method is equivalent to asking: if I lay your contents out again, can you guarantee that none of your parents or siblings

will be adversely affected (i.e. need to be laid out again)? By default only JRootPane, JScrollPane, and

JTextField return true. This seems surprizing at first, but apparently it is true that these components are the only

Swing components whose contents can be successfully laid out, in any situation (assuming no heavyweight

components), without affecting parents or siblings. No matter how big we make anything inside a JRootPane,

JScrollPane, or JTextField, they will not change size or location unless some outside influence comes into play



(i.e. a sibling or parent). To help convince you of this, try adding a multi-line text component to a container without

placing it in a scroll pane. You may notice that creating new lines will change its size (depending on the layout). The

point is not that it rarely happens or that it can be prevented, but that it can happen. This is the type of thing that

isValidateRoot() is supposed to warn us about. So where is this method used?

A component or its parent is normally revalidated when a property value changes and that component’s size, location,

or internal layout has been affected. By recursively calling isValidateRoot() on a Swing component’s parent until

we obtain true, we will end with the closest ancestor of that component that guarantees us its validation will not affect

its siblings or parents. We will see that RepaintManager relies on this method for dispatching validation requests.

Note: By siblings we mean components in the same container. By parents we mean parent containers.

2.11.4 RepaintManager

As we know there is usually only one instance of a service class in use per applet or application. So unless we

specifically create our own instance of RepaintManager, which we will almost never need to do, all repainting is

managed by the shared instance which is registered with AppContext. We normally retreive it using

RepaintManager’s static currentManager() method:

myRepaintManager = RepaintManager.currentManager(null);

This method takes a Component as its parameter. However, it doesn’t matter what we pass it. In fact the component

passed to this method is not used anywhere inside the method at all (see the RepaintManager.java source code), so a

value of null can safely be used here. (This definition exists for sub-classes to use if they want to work with more than

one RepaintManager, possibly on a per-component basis.)

RepaintManager exists for two purposes: to provide efficient revalidation and repainting. It intercepts all repaint()

and revalidate() requests. This class also handles all double-buffering in Swing and maintains a single Image used

for this purpose. This Image’s maximum size is, by default, the size of the screen. However, we can set its size

manually using RepaintManager’s setDoubleBufferMaximumSize() method. (All other RepaintManager

functionality will be discussed throughout this section where applicable.)

Note: Cell renderers used in components such as JList, JTree, and JTable are special in that they are wrapped in

instances of CellRendererPane and all validation and repainting requests do not propogate up the containment

hierarchy. See chapter 17 for more about CellRendererPane and why this behvaior exists. It suffices to say here that

cell renderers do not follow the painting and validation scheme discussed in this section.

2.11.5 Revalidation

RepaintManager maintains a Vector of components that need to be validated. Whenever a revalidate request is

intercepted, the source component is sent to the addInvalidComponent() method and its “validateRoot” property is

checked using isValidateRoot(). This occurs recursively on that component’s parent until isValidateRoot()

returns true. The resulting component, if any, is then checked for visibility. If any one of its parent containers is not



visible there is no reason to validate it. Otherwise RepaintManager ‘walks down its tree’ until it reaches the ‘root’

component, a Window or Applet. RepaintManager then checks the invalid components Vector and if the

component isn’t already there it is added. After being successfully added, RepaintManager then passes the ‘root’ to

the SystemEventQueueUtilities’ queueComponentWorkRequest() method (we saw this class in section

2.3). This method checks to see if there is a ComponentWorkRequest (this is a private static class in

SystemEventQueueUtilities that implements Runnable) corresponding to that ‘root’ already stored in the work 

requests table. If there isn’t one, a new one is created. If there is one already, we just grab a reference to it. Then we

synchronize access to that ComponentWorkRequest, place it in the work requests table if it is a new one, and check

if it is pending (i.e. it has been added to the AWT system event queue). If it isn’t pending, we send it to

SwingUtilities.invokeLater(). It is then marked as pending and we leave the synchronized block. When it is

finally run from the event-dispatching thread it notifies RepaintManager to execute

validateInvalidComponents(), followed by paintDirtyRegions().

The validateInvalidComponents() method basically checks RepaintManager’s Vector containing the

components in need of validation, and calls validate() on each one. (This method is actually a bit more careful than

we describe here, as it synchronizes access to prevent the addition of invalid components while executing).

Note: Remember that validateInvalidComponents() should only be called from within the event-dispatching thread.

Never call this method from any other thread. The same rules apply for paintDirtyRegions().

The paintDirtyRegions() method is much more complicated, and we’ll discuss some of its details below. For now, 

it suffices to say that this method paints all damaged regions of each component maintained by RepaintManager.

2.11.6 Repainting

JComponent defines two repaint() methods, and the no-argument version of repaint() is inherited from

java.awt.Container:

public void repaint(long tm, int x, int y, int width, int height)

public void repaint(Rectangle r)

   public repaint() // inherited from java.awt.Container

If you call the no-argument version the whole component is repainted. For small, simple components this is fine. But for

larger, more complex components this is certainly not efficient. The other two methods take the bounding region to be

repainted (the dirtied region) as parameters. The first method’s int parameters correspond to the x-coordinate,

y-coordinate, width, and height of that region. The second method takes the same information encapsulated in a

Rectange instance. The second repaint() method shown above just sends its traffic to the first. The first method

sends the dirtied region’s parameters to RepaintManager’s addDirtyRegion() method.

Note: The long parameter in the first repaint() method represents absolutely nothing and is not used at all. It does not

matter what value you use for this. The only reason this is here is to override the correct repaint() method from

java.awt.Component.

RepaintManager maintains a Hashtable of dirty regions. Each component will have at most one dirty region in



this table at any time. When a dirty region is added, using addDirtyRegion(), the size of the region and the

component are checked. On the off chance that either has a width or height <= 0 the method returns and nothing

happens. If it is bigger than 0x0, the source component’s visibility is then tested along with each of its ancestors, and, if

they are all visible, its ‘root’ component, a Window or Applet, is located by ‘walking down its tree’ (similar to what

occurs in addInvalidateComponent()). The dirty regions Hashtable is then asked if it already has a dirty region

of our component stored. If it does it returns its value, a Rectangle, and the handy

SwingUtilities.computeUnion() method is used to combine the new dirty region with the old one. Finally,

RepaintManager passes the ‘root’ to the SystemEventQueueUtilities’ queueComponentWorkRequest()

method. What happens from here on is identical to what we saw for revalidation (see above).

Now we can talk a bit about the paintDirtyRegions() method we summarized earlier. (Remember that this should

only be called from within the event-dispatching thread.) This method starts out by creating a local reference to

RepaintManger’s dirty regions Hashtable, and redirecting Repaintmanager’s dirty regions Hashtable

reference to a different, empty one. This is all done in a critical section so that no dirty regions can be added while the

swap occurs. The remainder of this method is fairly long and complicated so we’ll conclude with a summary of the most

significant code (see RepaintManager.java for details).

The paintDirtyRegions() method continues by iterating through an Enumeration of the dirty components,

calling RepaintManager’s collectDirtyComponents() method for each. This method looks at all the ancestors

of the specified dirty component and checks each one for any overlap with its dirty region using the

SwingUtilities.computeIntersection() method. In this way each dirty region’s bouds are minimized so that

only its visible region remains. (Note that collectDirtyComponents() does take transparency into account.) Once

this has been done for each dirty component, the paintDirtyRegions() method enters a loop. This loop computes

the final intersection of each dirty component and its dirty region. At the end of each iterationpaintImmediately()

is called on the associated dirty component, which actually paints each minimized dirty region in its correct location

(we’ll discuss this below). This completes the paintDirtyRegions() method, but we still have the most significant

feature of the whole process left to discuss: painting.

2.11.7 Painting

JComponent includes an update() method which simply calls paint(). The update() method is never actually

used by any Swing components at all, but is provided for backward compatibility. The JComponent paint() method,

unlike typical AWT paint() implementations, does not handle all of a component’s painting. In fact it very rarely

handles any of it directly. The only rendering work JComponent’s paint() method is really responsible for is

working with clipping areas, translations, and painting pieces of the Image used by RepaintManager for

double-buffering. The rest of the work is delegated to several other methods. We will briefly discuss each of these

methods and the order in which painting operations occur. But first we need to discuss how paint() is actually

invoked.

As we know from our discussion of the repainting process above, RepaintManager is responsible for invoking a

method called paintImmediately() on each component to paint its dirty region (remember there is always just one

dirty region per component because they are intelligently coalesced by RepaintManager). This method, and the

private ones it calls, make an intelligently crafted repainting process even more impressive. It first checks to see if the

target component is visible, as it could have been moved, hidden, or disposed since the original request was made. Then

it recursively searches the component’s non-opaque (using isOpaque()) parents and increases the bounds of the



region to repaint accordingly until it reaches an opaque parent:

1. If the parent reached is a JComponent subclass, the private _paintImmediately() method is called and

passed the newly computed region. This method queries the isOptimizedDrawing() method, checks whether

double-buffering is enabled (if so it uses the off-screen Graphics object associated with RepaintManager’s

buffered Image), and continues working with isOpaque() to determine the final parent component and bounds

to invoke paint() on. 

A. If double-buffering is enabled, it calls paintWithBuffer()(another private method). This method works

with the off-screen Graphics object and its clipping area to generate many calls to the parent’s paint()

method (passing it the off-screen Graphics object using a specific clipping area each time). After each call to

paint(), it uses the resulting off-screen Graphics object to draw directly to the visible component. (In this

specific case, the paint() method will not use any buffers internally because it knows, by checking certain

flags we will not discuss, that the buffering is being taken care of elsewhere.)

B. If double-buffering is not enabled, a single call to paint() is made on the parent.

2. If the parent is not a JComponent, the region’s bounds are sent to that parent’s repaint() method, which will

normally invoke the java.awt.Component paint() method. This method will then forward traffic to each of

its lightweight children’s paint() method. However, before doing this it makes sure that each lightweight child it

notifies is not completely covered by the current clipping area of the Graphics object that was passed in.

In all cases we have finally reached JComponent’s paint() method!

Inside JComponent’s paint() method, if graphics debugging is enabled a DebugGraphics instance will be used

for all rendering. Interestingly, a quick look at JComponent’s painting code shows heavy use of a class called

SwingGraphics. This isn’t in the API docs because its package private. It appears to be a very slick class for handling

custom translations, clipping area management, and a Stack of Graphics objects used for caching, recyclability, and

undo-type operations. SwingGraphics actually acts as a wrapper for all Graphics instances used during the

painting process. It can only be instantiated by passing it an existing Graphics object. This functionality is made even

more explicit, by the fact that it implements an interface called GraphicsWrapper, which is also package private.

The paint() method checks whether double-buffering is enabled and whether this method was called by

paintWithBuffer() (see above):

1. If paint() was called from paintWithBuffer() or if double-buffering is not enabled, paint() checks

whether the clipping area of the current Graphics object is completely obscured by any child components. If it

isn’t, paintComponent(), paintBorder(), and paintChildren() are called in that order. If it is

completely obscured, then only paintChildren() needs to be called. (We will see what these three methods do

shortly.)

2. If double-buffering is enabled and this method was not called from paintWithBuffer(), it will use the

off-screen Graphics object associated with RepaintManager’s buffered Image throughout the remainder of

this method. Then it will check whether the clipping area of the current Graphics object is completely obscured



by any child components. If it isn’t, paintComponent(), paintBorder(), and paintChildren() will be

called in that order. If it is completely obscured, only paintChildren() needs to be called.

A. The paintComponent() method checks if the component has a UI delegate installed. If it doesn’t it just

exits. If it does, it simply calls update() on that UI delegate and then exits. The update() method of a UI

delegate is normally responsible for painting a component’s background, if it is opaque, and then calling

paint(). A UI delegate’s paint() method is what actually paints the corresponding component’s content.

(We will see how to customize UI delegates extensively throughout this text.)

B. The paintBorder() method simply paints the component’s border if it has one. 

C. The paintChildren() method is a bit more involved. To summarize, it searches through all child

components and determines whether paint() should be invoked on them using the current Graphics

clipping area, the isOpaque() method, and the isOptimizedDrawingEnabled() method. The paint()

method called on each child will essentially start that child’s painting process from part 2 above, and this

process will repeat until either no more children exist or need to be painted.

The bottom line: When building or extending lightweight Swing components it is normally expected that if we want to

do any painting within the component itself (vs. in the UI delegate where it normally should be done) we will override

the paintComponent() method and immediately call super.paintComponent(). In this way the UI delegate

will be given a chance to render the component first. Overriding the paint() method, or any of the other methods

mentioned above should rarely be necessary, and it is always good practice to avoid doing so.

2.12 Focus Management

When Swing components are placed in a Swing container, the route of keyboard focus is, by default, left to right and

top to bottom. This route is referred to as a focus cycle, and moving focus from one component to the next in a cycle is

accomplished using the TAB key or CTRL-TAB. To move in the reverse direction through a cycle we use SHIFT-TAB

or CTRL-SHIFT-TAB. This cycle is controlled by an instance of the abstract FocusManager class.

FocusManager relies on five JComponent properties of each component to tell it how to treat each component when

the current focus reaches or leaves it:

focusCycleRoot: this specifies whether or not the component contains a focus cycle of its own. If it contains a

focus cycle, focus will enter that component and loop through its focus cycle until it is manually or programatically

moved out of that component. By default this property is false (for most components), and it cannot be assigned

with a typical setXX() accessor. It can only be changed through overriding the isFocusCycleRoot() method

and returning the appropriate boolean value.

managingFocus: this specifies whether or not KeyEvents corresponding to a focus change will be sent to the

component itself or intercepted and devoured by the FocusManager. By default this property is false (for most

components), and it cannot be assigned with a typical setXX() accessor. It can only be changed through

overriding the isManagingFocus() method and returning the appropriate boolean value.

focusTraversable: this specifies whether or not focus can be transfered to the component by the

FocusManager due to a focus shift in the focus cycle. By default this property is true (for most components),

and it cannot be assigned with a typical setXX() accessor. It can only be changed through overriding the

isFocusTraversable() method and returning the appropriate boolean value. (Note that when focus reaches a



component through a mouse click its requestFocus() method is called. By overriding requestFocus() we

can respond to focus requests on a component -specific basis.)

requestFocusEnabled: this specifies whether or not a mouse click will give focus to that component. This does

not affect how the FocusManager works, which will continue to transfer focus to the component as part of the

focus cycle. By default this property is true (for most components), and it can be assigned with JComponent’s

setRequestFocusEnabled() method.

nextFocusableComponent: this specifies the component to transfer focus to when the TAB key is pressed. By

default this is set to null, as focus traversal is handled for us by a default FocusManager service. Assigning a

component as the nextFocusableComponent will overpower FocusManager’s focus traversal mechanism.

This is done by passing the component to JComponent’s setNextFocusableComponent() method.

2.12.1 FocusManager

abstract class javax.swing.FocusManager

This abstract class defines the responsibility of determining how focus moves from one component to another.

FocusManager is a service class whose shared instance is stored in AppContext’s service table (see 2.5). To access

the FocusManager we use its static getCurrentManager() method. To assign a new FocusManager we us the

static setCurrentManager() method. We can disable the current FocusManager service using the static

disableFocusManager() method, and we can check whether it is enabled or not at any given point using the static

isFocusManagerEnabled() method.

The following three abstract methods must be defined by sub-classes:

focusNextComponent(Component aComponent): should be called to shift focus to the next component in the

focus cycle whose focusTraversable property is true.

focusPreviousComponent(Component aComponent): should be called to shift focus to the previous

focusable component in the focus cycle whoe focusTraversable property is true.

processKeyEvent(Component focusedComponent, KeyEvent anEvent): should be called to either

consume a KeyEvent sent to the given component, or allow it to pass through and be processed by that

component itself. This method is normally used to determine whether a key press corresponds to a shift in focus. If

this is determined to be the case, the KeyEvent is normally consumed and focus is moved forward or backward

using the focusNextComponent() or focusPreviousComponent() methods respectively.

Note: “FocusManager will receive KEY_PRESSED, KEY_RELEASED and KEY_TYPED key events. If one event is

consumed, all other events should be consumed.”
API

2.12.2 DefaultFocusManager

class javax.swing.DefaultFocusManager

DefaultFocusManager extends FocusManager and defines the three required methods as well as several

additional methods. The most significant method in this class is compareTabOrder(), which takes two Components

as parameters and determines first which component is located closer to the top of the container acting as their focus

cycle root. If they are both located at the same height this method will determine which is left-most. A value of true

will be returned if the first component passed in should be given focus before the second. Otherwise false will be



returned.

The focusNextComponent() and focusPreviousComponent() methods shift focus as expected, and the

getComponentBefore() and getComponentAfter() methods are defined to return the previous or next

component, respectively, that will receive the focus after a given component in the focus cycle. The

getFirstComponent() and getLastComponent() methods return the first and last component to receive focus

in a given container’s focus cycle.

The processKeyEvent() method intercepts KeyEvents sent to the currently focused component. If these events

correspond to a shift in focus (i.e. TAB, CTRL-TAB, SHIFT-TAB, and SHIFT-CTRL-TAB) they are consumed and the 

focus is changed accordingly. Otherwise these events are sent to the component for processing (see section 2.13). Note

that the FocusManager always has first crack at keyboard events.

Note: By default, CTRL-TAB and SHIFT-CTRL-TAB can be used to shift focus out of text components. TAB and

SHIFT-TAB will move the caret instead (see chapters 11 and 19).

2.12.3 Listening for focus changes

As with AWT components, we can listen for focus changes on a component by attaching an instance of the

java.awt.FocusListener interface. FocusListener defines two methods, each of which take a

java.awt.FocusEvent instance as parameter:

focusGained(FocusEvent e): this method receives a FocusEvent when focus is given to a component this

listener is attached to.

focusLost(FocusEvent e): this method receives a FocusEvent when focus is removed from a component this 

listener is attached to.

FocusEvent extends java.awt.ComponentEvent and defines, among others, the FOCUS_LOST and

FOCUS_GAINED ids to distinguish between its two event types. A FOCUS_LOST event will occur corresponding to the

temporary or permanent loss of focus. Temporary loss occurs when another app or window is given focus. When focus

returns to this window, the component that originally lost the focus will once again gain the current focus, and a

FOCUS_GAINED event will be dispatched at that time. Permanent focus loss occurs when the focus is moved by either

clicking on another component in the same window, programmatically invoking requestFocus() on another

component, or dispatching of any KeyEvents that cause a focus change when sent to the current FocusManager’s

processKeyEvent() method. As expected, we can attach and remove FocusListener implementations to any

Swing component using Component’s addFocusListener() and removeFocusListener() methods

respectively.

2.13 Keyboard input, KeyStrokes, and Actions

2.13.1 Listening for keyboard input

KeyEvents are fired by a component whenever that component has the current focus and the user presses a key. To

listen for these events on a particular component we can attach KeyListeners using the addKeyListener()

method. KeyEvent extends InputEvent and, contrary to most events, KeyEvents are dispatched before the

corresponding operation takes place (e.g. in a text field the operation might be adding a specific character to the

document content). We can devour these events using the consume() method before they are handled further by key



bindings or other listeners (below we’ll discuss exactly who gets notification of keyboard input, and what order this

occurs in).

There are three KeyEvent event types, each of which normally occurs at least once per keyboard activation (i.e. a press 

and release of a single keyboard key):

KEY_PRESSED: this type of key event is generated whenever a keyboard key is pressed. The key that is pressed is

specified by the keyCode property and a virtual key code representing it can be retrieved with KeyEvent’s

getKeyCode() method. A virtual key code is used to report the exact keyboard key that caused the event, such as

KeyEvent.VK_ENTER. KeyEvent defines numerous static int constants each starting with prefix “VK,”

meaning Virtual Key (see KeyEvent API docs for a complete list). For example, if CTRL-C is typed, two

KEY_PRESSED events will be fired. The int returned by getKeyCode() corresponding to pressing CTRL will

be a value matching KeyEvent.VK_CTRL. Similarly, the int returned by getKeyCode() corresponding to

pressing the “C” key will be a value matching KeyEvent.VK_C. (Note that the order in which these are fired

depends on the order in which they are pressed.) KeyEvent also maintains a keyChar property which specifies

the Unicode representation of the character pressed (if there is no Unicode representation

KeyEvent.CHAR_UNDEFINED is used--e.g. the function keys on a typical PC keyboard). We can retrieve the

keyChar character corresponding to any KeyEvent using the getKeyChar() method. For example, the

character returned by getKeyChar() corresponding to pressing the “C” key will be ‘c’. If SHIFT was pressed

and held while the “C” key was pressed, the character returned by getKeyChar() corresponding to the “C” key

press would be ‘C’. (Note that distinct keyChars are returned for upper and lower case characters, wheras the

same keyCode is used in both situations--e.g. the value of VK_C will be returned by getKeyCode() regardless

of whether SHIFT is held down when the “C” key is pressed or not. Also note that there is no keyChar associated

with keys such as CTRL, and getKeyChar() will simply return ‘’ in this case.)

KEY_RELEASED: this type of key event is generated whenever a keyboard key is released. Other than this difference,

KEY_RELEASED events are identical to KEY_PRESSED events (however, as we will discuss below, they occur

much less frequently).

KEY_TYPED: this type of event is fired somewhere between a KEY_PRESSED and KEY_RELEASED event. It never

carries a keyCode property corresponding to the actual key pressed, and 0 will be returned whenever

getKeyCode() is called on an event of this type. Note that for keys with no Unicode representation (such as

PAGE UP, PRINT SCREEN, etc.), no KEY_TYPED event will be generated at all.

Most keys with Unicode representations, when held down for longer than a few moments, repeatedly generate

KEY_PRESSED and KEY_TYPED events (in this order). The set of keys that exhibit this behavior, and the rate at which

they do so, cannot be controlled and is platform-specific.

Each KeyEvent maintains a set of modifiers which specifies the state of the SHIFT, CTRL, ALT, and META keys.

This is an int value that is the result of the bit-wise OR of InputEvent.SHIFT_MASK, InputEvent.CTRL_MASK,

InputEvent.ALT_MASK, and InputEvent.META_MASK (depending on which keys are pressed at the time of the

event). We can retrieve this value with getModifiers(), and we can query specifically whether any of these keys

was pressed at the time the event was fired using isShiftDown(), isControlDown(), isAltDown(), and

isMetaDown().

KeyEvent also maintains the boolean actionKey property which specifies whether the invoking keyboard key

corresponds to an action that should be performed by that app (true) vs. data that is normally used for such things as



addition to a text component’s document content (false). We can use KeyEvent’s isActionKey() method to

retrieve the value of this property.

2.13.2 KeyStrokes

Using KeyListeners to handle all keyboard input on a component-by-component basis was required pre-Java 2.

Because of this, a significant, and often tedious, amount of time needed to spent planning and debugging keyboard

operations. The Swing team recognized this, and thankfully included functionality for key event interception regardless

of which component currently has the focus. This functionality is implemented by binding instances of the

javax.swing.KeyStroke class with ActionListeners (normally instances of javax.swing.Action).

Note: Registered keyboard actions are also commonly referred to as keyboard accelerators.

Each KeyStroke instance encapsulates a KeyEvent keyCode (see above), a modifiers value (identical to that of

KeyEvent -- see above), and a boolean property specifying whether it should be activated on a key press (false --

default) or on a key release (true). The KeyStroke class provides five
8

static methods for creating KeyStroke

objects (note that all KeyStrokes are cached, and it is not necessarily the case that these methods will always return a

brand new instance):

getKeyStroke(char keyChar)

getKeyStroke(int keyCode, int modifiers)

getKeyStroke(int keyCode, int modifiers, boolean onKeyRelease)

getKeyStroke(String representation)9

getKeyStroke(KeyEvent anEvent)

The last method will return a KeyStroke with properties corresponding to the given KeyEvent’s attributes. The

keyCode, keyChar, and modifiers properties are taken from the KeyEvent and the onKeyRelease property is

set to true if the event is of type KEY_RELEASED and false otherwise.

To register a KeyStroke/ActionListener combination with any JComponent we can use its

registerKeyBoardAction(ActionListener action, KeyStroke stroke, int condition) method. The

ActionListener parameter is expected to be defined such that its actionPerformed() method performs the

necessary operations when keyboard input corresponding to the KeyStroke parameter is intercepted. The int

parameter specifies under what conditions the given KeyStroke is considered to be valid:

JComponent.WHEN_FOCUSED: the corresponding ActionListener will only be invoked if the component this

KeyStroke is registered with has the current focus.

JComponent.WHEN_ANCESTOR_OF_FOCUSED_COMPONENT: the corresponding ActionListener will only be

invoked if the component this KeyStroke is registered with is the ancestor of (i.e. it contains) the component with

the current focus.

JComponent.WHEN_IN_FOCUSED_WINDOW: the corresponding ActionListener will be invoked if the

8
Actually KeyStroke provides six static methods for creating KeyStrokes, but getKeyStroke(char keyChar, 

boolean onKeyRelease) has been deprecated.

9
This method is not implemented as of Java 2 FCS, and will always return null.



component this KeyStroke is registered with is anywhere within the peer-level window (i.e. JFrame, JDialog,

JWindow, JApplet, or any other heavyweight component) that has the current focus. Note that keyboard actions

registered with this condition are handled in an instance of the private KeyBoardManager service class (see

2.13.4) rather than the component itself.

For example, to associate the invocation of an ActionListener corresponding to ALT-H no matter what component

has the focus in a given JFrame, we can do the following:

KeyStroke myKeyStroke = 

KeyStroke.getKeyStroke(KeyEvent.VK_H,

InputEvent.ALT_MASK, false);

myJFrame.getRootPane().registerKeyBoardAction(

myActionListener, myKeyStroke,

JComponent.WHEN_ANCESTOR_OF_FOCUSED_COMPONENT);

Each JComponent maintains a Hashtable client property containing all bound KeyStrokes. Whenever a

KeyStroke is registered using the registerKeyboardAction() method, it is added to this structure. Only one

ActionListener can be registered corresponding to each KeyStroke, and if there is already an ActionListener

mapped to a particular KeyStroke, the new one will effectively overwrite the previous one. We can retrieve an array

of KeyStrokes corresponding to the current bindings stored in this Hashtable using JComponent’s

getRegisteredKeyStrokes() method, and we can wipe out all bindings by with the resetKeyboardActions()

method. Given a KeyStroke object we can retrieve the corresponding ActionListener with JComponent’s

getActionForKeyStroke() method, and we can retrive the corresponding condition property with the

getConditionForKeyStroke() method.

2.13.3 Actions

An Action instance is basically a convenient ActionListener implementation that encapsulates a Hashtable of

bound properties similar JComponent’s client properties (see chapter 12 for details about working with Action

implementations and their properties). We often use Action instances when registering keyboard actions.

Note: Text components are special in that they use hierarchically resolving KeyMaps. A KeyMap is a list of

Action/KeyStroke bindings and JTextComponent supports multiple levels of such mappings. See chapters 11

and 19.

2.13.4 The flow of keyboard input

Each KeyEvent is first dispatched to the focused component. The FocusManager gets first crack at processing it. If 

the FocusManager doesn’t want it, then the focused JComponent it is sent to calls super.processKeyEvent()

which allows any KeyListeners a chance to process the event. If the listeners don’t consume it and the focused

component is a JTextComponent, the KeyMap hierarchy is traversed (see chapters 11 and 19 for more about

KeyMaps). If the event is not consumed by this time the key bindings registered with the focused component get a shot.

First, KeyStrokes defined with the WHEN_FOCUSED condition get a chance. If none of these handle the event, then

the component walks though it’s parent containers (up until a JRootPane is reached) looking for KeyStrokes



defined with the WHEN_ANCESTOR_OF_FOCUSED_COMPONENT condition. If the event hasn’t been handled after the

top-most container is reached, it is sent to KeyboardManager, a package private service class (note that unlike most

service classes in Swing, KeyboardManager does not register its shared instance with AppContext -- see section

2.5). KeyboardManager looks for components with registered KeyStrokes with the WHEN_IN_FOCUSED_WINDOW

condition and sends the event to them. If none of these are found then KeyboardManager passes the event to any

JMenuBars in the current window and lets their accelerators have a crack at it. If the event is still not handled, we

check if the current focus resides in a JInternalFrame (because it is the only RootPaneContainer that can be

contained inside another Swing component). If this is the case, we move up to the JInternalFrame’s parent. This

process continues until either the event is consumed or the top-level window is reached.

2.14 SwingUtilities

class javax.swing.SwingUtilities

In section 2.3 we discussed two methods in the SwingUtilities class used for executing code in the

event-dispatching thread. These are just 2 of the 36 generic utility methods defined SwingUtilities, which break

down logically into seven groups: computational methods, conversion methods, accessibility methods, retrieval methods,

multithreading/event-related methods, mouse button methods, and layout/rendering/UI methods. Each of these methods

is static, and they are described very briefly in this section (for a more thorough understanding see the

SwingUtilities.java source code).

2.14.1 Computational methods

Rectangle[] computeDifference(Rectangle rectA, Rectangle rectB): returns those rectangular

regions representing the portion of rectA that do not intersect with rectB.

Rectangle computeIntersection(int x, int y, int width, int height, Rectangle dest): returns

the intersection of two rectangular areas. The first region is defined by the int parameters and the second by the

Rectangle parameter. The Rectangle parameter is altered and returned as the result of the computation so that

a new Rectangle does not have to be instantiated.

Rectangle computeUnion(int x, inty, int width, int height, Rectangle dest): returns the union

of two rectangular areas. The first region is defined by the int parameters and the second by the Rectangle

parameter. The Rectangle parameter is altered and returned as the result of the computation so that a new

Rectangle does not have to be instantiated.

isRectangleContainingRectangle(Rectangle a, Rectangle b): returns true if Rectangle b is

completely contained in Rectangle a.

computeStringWidth(FontMetrics fm, String str): returns the width of the given String according to

the given FontMetrics object (see 2.8.3).

2.14.2 Conversion methods

MouseEvent convertMouseEvent(Component source, MouseEvent sourceEvent, Component

destination): returns a new MouseEvent with destination as its source and x,y-coordinates converted to

the corrdinate system of destination (both assuming destination is not null). If destination is null the

coordinates are converted to the coordinate system of source, and source is set as the source of the event. If

both are null the MouseEvent returned is identical to the event passed in.

Point convertPoint(Component source, Point aPoint, Component destination): returns a Point

representing aPoint converted to coordinate system of the destination component as if it were originating in



the source component. If either component is null the coordinate system of the other is used, and if both are

null the Point returned is identical to the Point passed in.

Point convertPoint(Component source, int x, int y, Component destination): this method acts

identically to the above convertPoint() method except that it takes int parameters representing the Point to

convert rather than a Point instance.

Rectangle convertRectangle(Component source, Rectangle aRectangle, Component

destination): returns a Rectangle converted from then source component’s coordinate system to the

destination component’s coordinate system. This method behaves similarly to convertPoint().

void convertPointFromScreen(Point p, Component c): converts a given Point in screen coordinates to

the coordinate system of the given Component.

void convertPointToScreen(Point p, Component c): converts a given Point in the given Component‘s

coordinate system to the coordinate system of the screen.

2.14.3 Accessibility methods

Accessible getAccessibleAt(Component c, Point p): returns the Accessible component at the given

Point in the coordinate system of the given Component (null will be returned if none is found). Note that an

Accessible component is one that implements the javax.accessibility.Accessible interface.

Accessible getAccessibleChild(Component c, int i): returns the ith Accessible child of the given

Component.

int getAccessibleChildrenCount(Component c): returns the number of Accessible children contained

in the given Component.

int getAccessibleIndexInParent(Component c): returns the index of the given Component in its parent

disregarding all contained components that do not implement the Accessible interface. -1 will be returned if the 

parent is null or does not implement Accessible, or the given Component does not implement Accessible.

AccessibleStateSet getAccessibleStateSet(Component c): returns the set of AccessibleStates

that are active for the given Component.

2.14.4 Retrieval methods

Component findFocusOwner(Component c): returns the component contained within the given Component

(or the given Component itself) that has the current focus. If there is no such component null is returned.

Container getAncestorNamed(String name, Component comp): returns the closest ancestor of the given

Component with the given name. Otherwise null is returned. (Note that each Component has a name property

which can assigned and retrieved using setName() and getName() methods respectively.)

Container getAncestorOfClass(Class c, Component comp): returns the closest ancestor of the given

Component that is an instance of c. Otherwise null is returned.

Component getDeepestComponentAt(Component parent, int x, int y): returns the most ‘contained’

child of the given Component containing the point (x,y) in terms of the coordinate system of the given

Component. If the given Component is not a Container this method simply returns it immediately.

Rectangle getLocalBounds(Component c): returns a Rectagle representing the bounds of a given

Component in terms of its own coordinate system (thus it always starts at 0,0).

Component getRoot(Component c): returns the first ancestor of c that is a Window. Otherwise this method

returns the last ancestor that is an Applet.



JRootPane getRootPane(Component c): returns the first JRootPane parent of c, or c itself if it is a

JRootPane.

Window windowForComponent(Component c): return the first ancestor of c that is a Window. Otherwise this

method returns null.

boolean isDescendingFrom(Component allegedDescendent, Component allegedAncestor):

returns true if allegedDescendent is contained in allegedAncestor.

2.14.5 Multithreading/event-related methods

See section 2.3 for more about these methods.

void invokeAndWait(Runnable obj): sends the given Runnable to the event-dispatching queue and blocks

on the current thread.

void invokeLater(Runnable obj): sends the given Runnable to the event-dispatching queue and continues.

boolean isEventDispatchThread(): returns true if the current thread is the event-dispatching thread.

2.14.6 Mouse button methods

boolean isLeftMouseButton(MouseEvent): returns true if the given MouseEvent corresponds to left mouse

button activation.

boolean isMiddleMouseButton(MouseEvent): returns true if the given MouseEvent corresponds to middle

mouse button activation.

boolean isRightMouseButton(MouseEvent): returns true if the given MouseEvent corresponds to right

mouse button activation.

2.14.7 Layout/rendering/UI methods

String layoutCompoundLabel(FontMetrics fm, String text, icon icon, int

verticalAlignment, int horizontalAlignment, int verticalTextPosition, int

horizontalTextPosition, Rectangle viewR, Rectangle iconR, Rectangle textR, int

textIconGap): this method is normally used by JLabel‘s UI delegate to lay out text and/or an icon using the

given FontMetrics object, alignment settings and text positions within the viewR Rectangle. If it is

determined that the label text will not fit within this Rectangle, an elipsis (“...”) is used in place of the text that

will not fit. The textR and iconR Rectangles are modified to reflect the new layout, and the String that

results from this layout is returned.

String layoutCompoundLabel(JComponent c, FontMetrics fm, String text, icon icon, int

verticalAlignment, int horizontalAlignment, int verticalTextPosition, int

horizontalTextPosition, Rectangle viewR, Rectangle iconR, Rectangle textR, int

textIconGap): this method is identical to the above method, but takes target component to check whether or not

text orientation should play a role (see the “Component Orientation in Swing: How JFC Components support BIDI

text” article at the Swing Connection for more about orientation:

http://java.sun.com/products/jfc/tsc/tech_topics/bidi/bidi.html ).

void paintComponent(Graphics g, Component c, Container p, int x, int y, int w, int h):

paints the given Component in the given graphical context, using the rectangle defined by the four int

parameters as the clipping area. The given Container is used to act as the Component’s parent so that any

validation and repaint requests that occur on that component do not propogate up the ancestry tree of the

component owning the given graphial context. This is the same methodology used by component renderers of



JList, JTree, and JTable to properly exhibit “rubber stamp” behavior. This behavior is accomplished through

the use of a CellRendererPane (see chapter 17 for more about this class and why it is used to wrap renderers).

void paintComponent(Graphics g, Component c, Container p, Rectangle r): functions identical 

to the above method, but takes a Rectangle parameter rather than four ints.

void updateComponentTreeUI(Component c): notifies all components contained in c, and c itself, to update

their UI delegate to match the current UIManager and UIDefaults settings (see chapter 21).
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Part II - The Basics
PartIIconsistsoftwelvechapterscontaining discussion and examplesofthebasic Swing components.Chapter3
introducesframes,panelsandborders,includinganexampleshowinghow to createacustom rounded-edgeborder.
Chapter4 isdevotedtolayoutmanagerswithacomparisonofthemostcommonlyusedlayouts,acontributedsection
on the use ofGridBagLayout,the construction ofseveralcustom layouts,and the beginningsofa JavaBeans
propertyeditingenvironmentwiththeabilitytochangethelayoutmanagerdynamically.Chapter5coverslabelsand
buttons, and presents the construction of a custom transparent polygonal button designed for use in applets, as well as a 
custom tooltipmanagerto providepropertooltip functionality forthesepolygonalbuttons.Chapter6 isaboutusing
andcustomizingtabbedpanes,includinganexampleshowinghow tocustomizeJTabbedPane anditsUIdelegate
to build a tabbed pane which uses background images. Chapter 7 discusses scroll panes and how to customize scrolling 
functionality.Examplesshow how tousetherow andcolumnheadersfortrackingscrollposition,how tochangethe
speedofscrollingthroughimplementationofthe Scrollable interface,how toimplementgrab-and-dragscrolling,
and how toprogrammaticallyinvokescrolling.Chapter8 takesabrieflookatsplitpaneswith an exampleshowing
how tobaseprogrammaticactionson theposition ofthedivider(agasmodelsimulation).Chapter9 coverscombo
boxeswith examplesshowing how to build custom combo box modelsand cellrenderers,add functionlity to the
defaultcomboboxeditor,andserializeacomboboxmodelforlateruse.Chapter10isaboutlistboxeswithexamples
ofbuilding a custom tab-based cellrenderer,adding keyboard search functionality forquick item selection,and
constructingacustom checkboxcellrenderer.Chapter11introducesthetextcomponentsandundo/redofunctionality
withbasicexamplesanddiscussionsofeach(textpackagecoveragecontinuesinchapters 19and20).Chapter12is
devoted to menu bars,menus,menu items,toolbarsand actions.Examplesincludetheconstruction ofabasictext
editorwith floatabletoolbar,custom toolbarbuttons,and acustom colorchoosermenu item.Chapter13 discusses
progress bars, sliders and scroll bars, including a custom scroll pane, a slider-based date chooser, a JPEG imagequality
editor,andanFTP clientapplication.Chapter14coversdialogs,optionpanes,andfileandcolorchoosers.Examples
demonstratethebasicsofcustom dialog creation and theuse ofJOptionPane,aswellashow to add a custom
componentto JColorChooser,and how to customize JFileChooser to allow multiple file selection and the
addition of a custom component (a ZIP/JAR archive creation, extraction and preview tool).

Chapter 3. Frames, Panels, and 
Borders
In this chapter:

• Frames and Panels overview

• Borders

• Creating a custom border
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3.1 Frames and panels overview

3.1.1 JFrame

class javax.swing.JFrame

The main containerfora Swing-based application is JFrame.Allobjects associated with a JFrame are
managed by itsonly child,an instance ofJRootPane.JRootPane isa simple containerforseveralchild
panes.W hen weadd componentsto a JFrame wedon’tdirectly add them to theJFrame aswedid with an
AW T Frame.Instead we have to specify exactly which pane ofthe JFrame’s JRootPane we wantthe
component to be placed in. In most cases components are added to the contentPane by calling:

    myJFrame.getContentPane().add(myComponent);

Similarly when setting a layoutfor a JFrame’s contents we usually justwantto setthe layoutfor the
contentPane:

myJFrame.getContentPane().setLayout(new FlowLayout());

Each JFrame containsa JRootPane asprotected field rootPane.Figure3.1 illustratesthehierarchy ofa
JFrame and its JRootPane. The lines in this diagram extend downward representing the “has a” relationship 
of each container. W e will see JFrame in action soon enough.

Figure 3.1 Default JFram e and JRootPane “has a” relationship

<<file figure3-1.gif>>

3.1.2 JRootPane

class javax.swing.JRootPane

EachJRootPane contains several components referred to here by variablename:glassPane (aJPanel by
default),layeredPane (a JLayeredPanel),contentPane (a JPanel by default) and menuBar (a
JMenuBar).

Note:glassPane and contentPane arejustvariablenamesused byJRootPane.TheyarenotuniqueSwing
classes, as some explanations might lead you to believe. 
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Figure 3.2 glassPane 
<<file figure3-2.gif>>

TheglassPane isinitialized asanon-opaqueJPanel thatsitson top ofthe JLayeredPane asillustrated
in Figure 3.3. This component is very useful in situations where we need to intercept mouse events to display a 
certain cursoroverthe whole frame orredirectthe currentapplication focus.The glassPane can be any
componentbutisa JPanel by default.To changethe glassPane from aJPanel to anothercomponenta
call to the setGlassPane() method must be made:

setGlassPane(myComponent);

Though the glassPane does sit on top of the layeredPane it is, by default, not visible. It canbesetvisible
(i.e. show itself) by calling:

getGlassPane().setVisible(true);

TheglassPane allowsyou to display componentsin frontofan existing JFrame‘scontents.In chapter15
we will find that can be useful as an invisible panel for detecting internal frame focus changes.

Figure 3.3 Default JFram e contents of the JLayeredPane FRAM E_CONTENT_LAYER

<<file figure3-3.gif>>

The contentPane,and optional menuBar,are contained within JRootPane’s layeredPane at the
FRAME_CONTENT_LAYER (thisislayer-30000;seechapter15).The menuBar doesnotexistby defaultbut
can be set by calling the setJMenuBar() method:

    JMenuBar menu = new JMenuBar();
    setJMenuBar(menu);

W hentheJMenuBar issetitisautomaticallypositionedatthetopofthe FRAME_CONTENT_LAYER.Therest
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of the layer is occupied by the contentPane as illustrated in Figure 3.3.

ThecontentPane is, by default, an opaque JPanel. It can be set to any other component by calling:

    setContentPane(myComponent);

Note:ThedefaultlayoutforthecontentPane isBorderLayout.Thedefaultlayoutforany otherJPanel is
FlowLayout.Becarefulnotto setthelayoutofaJFrame directly.Thiswillgeneratean exception.Setting
thelayoutoftherootPane isalsosomethingthatshouldbeavoidedbecauseeveryJRootPane usesitsown
custom layout manager called RootLayout. W e will discuss layout managers more in chapter 4.

3.1.3 RootLayout

class javax.swing.JRootPane.RootLayout

RootLayout isalayoutmanagerbuiltspecifically to manage JRootPane’slayeredPane,glassPane,
and menuBar.Ifitisreplacedbyanotherlayoutmanagerthatmanagermustbeabletohandlethepositioning
ofthesecomponents.RootLayout isan innerclassdefined within JRootPane and assuch,isnotintended
to have any use outside of this class. Thus it is not discussed in this text. 

3.1.4 The RootPaneContainer interface

abstract interface javax.swing.RootPaneContainer

ThepurposeoftheRootPaneContainer interfaceisto organizeagroup ofmethodsthatshould beused to
accessacontainer’sJRootPane anditsdifferentpanes(seeAPIdocs).Because JFrame‘smain containeris
a JRootPane,itimplements this interface (as does JFrame and JDialog).Ifwe were to build a new
component which uses a JRootPane as its main container we would most likely implement the
RootPaneContainer interface. (Note that this interface exists for convenience, consistency, and
organizationalpurposes.W e are encouraged to,butcertainly notrequired to,use itin ourown container
implementations.)

3.1.5 TheW indowConstants interface

abstract interface javax.swing.W indowConstants

W ecan specify how a JFrame, JInternalFrame, or JDialog actsin responseto theuserclosing it
through useofthe setDefaultCloseOperation() m ethod.Therearethreepossiblesettings,asdefined
by WindowConstants interface fields:

    WindowConstants.DISPOSE_ON_CLOSE
    WindowConstants.DO_NOTHING_ON_CLOSE
    WindowConstants.HIDE_ON_CLOSE

The names are self-explanatory. DISPOSE_ON_CLOSE disposes of the JFrame and its contents,
DO_NOTHING_ON_CLOSE renderstheclosebuttonuseless,and HIDE_ON_CLOSE justremovesthecontainer
from view. (HIDE_ON_CLOSE m aybeusefulifwemayneedtheconatiner,orsomethingitcontains,atalater
time but do not want it to be visible until then. DO_NOTHING_ON_CLOSE is very useful as you will see below.)

3.1.6 TheW indowListener interface

abstract interface java.awt.event.W indowListener

Classesthatwantexplicitnotification ofwindow events(such aswindow closing,iconification,etc.)need to
implementthis interface.Normally the WindowAdapter class is extended instead. “W hen the window's
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status changes by virtue of being opened,closed,activated or deactivated,iconified or deiconified,the
relevant method in the listener object is invoked, and the WindowEvent is passed to it.”API

The methods any implementation of this interface must define are:

    void windowActivated(WindowEvent e)
    void windowClosed(WindowEvent e)
    void windowClosing(WindowEvent e)

void windowDeactivated(WindowEvent e)
void windowDeiconified(WindowEvent e)
void windowIconified(WindowEvent e)
void windowOpened(WindowEvent e)

3.1.7 W indowEvent

class java.awt.event.W indowEvent

The type of event used to indicate that a window has changed state. This event is passed to every
WindowListener orWindowAdapter objectwhich isregistered on the source window to receive such
events.M ethod getWindow() returns the window that generated the event.M ethod paramString()
retreives a String describing the event type and its source, among other things.

There are six types of WindowEvents thatcan be generated;each is represented by the following static
WindowEvent fields: WINDOW_ACTIVATED, WINDOW_CLOSED, WINDOW_CLOSING,
WINDOW_DEACTIVATED,WINDOW_DEICONIFIED,WINDOW_ICONIFIED,WINDOW_OPENED.

3.1.8 W indowAdapter

abstract class java.awt.event.W indowAdapter

This is an abstractimplementation ofthe WindowListener interface.Itis normally more convenientto
extend this class than to implement WindowListener directly.

Noticethatnoneofthe WindowConstants closeoperationsactually terminateprogram execution.Thiscan
be accomplished by extending WindowAdapter andoverridingthemethodsweareinterestedinhandling(in
thiscase justthe windowClosed() m ethod).W e can create an instance ofthisextended class,castitto a
WindowListener object,and registerthislistenerwith the JFrame using the addWindowListener()
m ethod. This can easily be added to any application as follows:

    WindowListener l = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0); 

  }
    };
    myJFrame.addWindowListener(l);

Thebestmethodofall istocombineWindowAdapter andvaluesfrom theWindowConstants interfaceto
present the user with an exit confirmation dialog as follows:

myJFrame.setDefaultCloseOperation(
      WindowConstants.DO_NOTHING_ON_CLOSE);
    WindowListener l = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        int confirm = JOptionPane.showOptionDialog(myJFrame,
          "Really Exit?", "Exit Confirmation",
          JOptionPane.YES_NO_OPTION, 
          JOptionPane.QUESTION_MESSAGE,

null, null, null);
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        if (confirm == 0) {
myJFrame.dispose();

          System.exit(0);
        }
      }
    };

myJFrame.addWindowListener(l);

Note:ThiscanalsobedoneforJDialog.However,todothesamethingforaJInternalFrame wemustbuild
a custom JInternalFrame subclass and implementthe PropertyChangeListener interface.See
chapter 16 for details.

Inserting thiscodeinto yourapplication willalwaysdisplaythedialog shown in figure3.4 when the JFrame
close button ispressed.Note thatthisfunctionality isnotused untillaterchaptersin which we work with
applications where closing may cause a loss of unsaved material.

Figure 3.4 Application exit confirm ation dialog

<<file figure3-4.gif>>

Reference: Dialogs and JOptionPane are discussed in Chapter 14.

3.1.9 Custom frame icons

Often we wantto use a custom icon to representourapplication frame.Because JFrame is a subclassof
awt.Frame we can setitsicon using the setIconImage() m ethod.This method is intended to setthe
minimized icon to use forthis frame.On some platforms this icon is also used fora title barimage (e.g.
W indows).

UI Guideline:Brand Identity.Use the frame icon to establish and reinforce yourbrand identity.Pick a simple
imagewhich can beeffectivein thesmallspaceand re-used throughouttheapplication and anyaccompanying
material. Fig 3-5 shows the Sun Coffee Cup which was itilise as a brand mark for Java.

    ImageIcon image = new ImageIcon("spiral.gif");
    myFrame.setIconImage(image.getImage());

There is no limitto the size of the icon thatcan be used.A JFrame willresize any image passed to
setIconImage() to fit the bound it needs. Figure 3.5 shows the top of a JFrame with a custom icon. 

Figure 3.5 JFram e custom  Icon

<<file figure3-5.gif>>
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3.1.10 Centering a frame on the screen 

BydefaultaJFrame displaysitselfintheupperleft-handcornerofthescreen.Oftenitisdesirabletoplaceit
in thecenterofthescreen.Using the getToolkit() m ethod ofthe Window class(ofwhich JFrame isa
second levelsubclass),wecan communicatewith theoperating system and query thesizeofthescreen.(The
Toolkit m ethodsmakeup thebridgebetween Javacomponentsand theirnative,operating-system-specific,
peercomponents.)

ThegetScreenSize() method gives us the information we need:

    Dimension dim = getToolkit().getScreenSize();

Figure 3.6 Screen coordinates

<<file figure3-6.gif>>

W hen setting the location of the JFrame, the upper left hand corner of the frame is the relevant coordinate. So 
to centera JFrame on the screen we need to subtracthalfitswidth and halfitsheightfrom the center-of-
screen coordinate:

    myJFrame.setLocation(dim.width/2 - myJFrame.getWidth()/2, 
      dim.height/2 - myJFrame.getHeight()/2);

3.1.11 JApplet

class javax.swing.JApplet

JApplet is the Swing equivalent of the AW T Applet class. Like JFrame, JApplet’s main child
componentisaJRootPane anditsstructureisthesame.JApplet actsjustlikeApplet and wewillnotgo
into detail about how applets work. 

Reference: W e suggest that readers unfamiliar with applets refer to the Java tutorial to learn more:
http://java.sun.com/docs/books/tutorial/

Severalexamplesin laterchaptersareconstructed asSwing appletsand wewillsee JApplet in action soon
enough.Appendix A containsinformation aboutdeploying Swing-based appletsforusein abrowser,Java2
applet security issues, and working with JAR archives.

3.1.12 JW indow

class javax.swing.JW indow

JWindow is very similar to JFrame except that it has no title bar,and is notresizable,minimizable,
maximizable,orclosable.Thusitcannotbedragged withoutwriting custom codeto do so (e.g.JToolBar’s
UIdelegateprovidesthisfunctionality for docking and undocking).W enormally use JWindow to display a
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temporary message orsplash screen logo.Since JWindow isa RootPaneContainer,we can treatitjust
likeJFrame or JApplet when manipulating its contents. 

Note:W e willuse JWindow to display a splash screen in severalcomplex examples later to provide simple
feedback to the user when potentially long startup times are encountered.

3.1.12 JPanel

class javax.swing.JPanel

Thisisthe simple containercomponentcommonly used to organize a group or groupsofchild components
inside anothercontainer.JPanel isan integralpartofJRootPane,aswe discussed above,and isused in
each examplethroughoutthisbook.Each JPanel’schild componentsaremanaged by alayoutmanager.A
layout manager controls the size and location of each child in a container. JPanel’sdefaultlayoutmanageris
FlowLayout (we will discuss this more in chapter 4). The only exception to this is JRootPane’s
contentPane, which is managed by a BorderLayout by default.

3.2 Borders

package javax.swing.border

The border package provides us with the following borderclasses which can be applied to any Swing
component:

BevelBorder
A 3D border with a raised or lowered appearance.

CompoundBorder
A combination of two borders: an inside border and an outside border.

EmptyBorder
A transparent border used to define empty space (often referred to as white space) around a
component.

EtchedBorder
A border with an etched lineappearance.

LineBorder
A flat border with a specified thickness and color.

MatteBorder
A border consisting of either a flat color or tiled image.

SoftBevelBorder
A 3D border with a raised or lowered appearance, and rounded edges.

TitledBorder
A borderallowing a String titlein aspecificlocation and position.W ecan setthetitlefont,color,
justification, and position of the title text using TitleBorder m ethods and constants where
necessary (see API docs).

To set the border of  a Swing component we simply call JComponent’ssetBorder() method. There is also 
a convenience class called BorderFactory, contained in the javax.swing package (not the
javax.swing.border package as you mightthink),which contains a group ofstatic methods used for
constructing bordersquickly.Forexample,to create an EtchedBorder we can use BorderFactory as
follows:

   myComponent.setBorder(BorderFactory.createEtchedBorder());

Theborderclassesdo notprovidemethodssettheirdimensions,colors,etc.Insetad ofmodifying an existing
border we are normally expected to create a new instance to replace the old one. 
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Figure 3.7 Sim ple Borders dem onstration

<<file figure3-7.gif>>

The following code creates a JFrame containing twelve JPanels using borders ofalltypes.Figure 3.7
illustrates:

The Code: BorderTest.java
see\Chapter3\1

import java.awt.*;
import javax.swing.*;
import javax.swing.border.*;

class BorderTest extends JFrame
{
  public BorderTest() {
    setTitle("Border Test");
    setSize(450, 450);

    JPanel content = (JPanel) getContentPane(); 
    content.setLayout(new GridLayout(6,2));

    JPanel p = new JPanel();
    p.setBorder(new BevelBorder (BevelBorder.RAISED));
    p.add(new JLabel("RAISED BevelBorder"));
    content.add(p);

    p = new JPanel();
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    p.setBorder(new BevelBorder (BevelBorder.LOWERED));
    p.add(new JLabel("LOWERED BevelBorder"));
    content.add(p);

    p = new JPanel();
    p.setBorder(new LineBorder (Color.black, 5));
    p.add(new JLabel("Black LineBorder, thickness = 5"));
    content.add(p);

    p = new JPanel();
    p.setBorder(new EmptyBorder (10,10,10,10));
    p.add(new JLabel("EmptyBorder with thickness of 10"));
    content.add(p);

    p = new JPanel();
    p.setBorder(new EtchedBorder (EtchedBorder.RAISED));
    p.add(new JLabel("RAISED EtchedBorder"));
    content.add(p);

    p = new JPanel();
    p.setBorder(new EtchedBorder (EtchedBorder.LOWERED));
    p.add(new JLabel("LOWERED EtchedBorder"));
    content.add(p);

    p = new JPanel();
    p.setBorder(new SoftBevelBorder (SoftBevelBorder.RAISED));
    p.add(new JLabel("RAISED SoftBevelBorder"));
    content.add(p);

    p = new JPanel();
    p.setBorder(new SoftBevelBorder (SoftBevelBorder.LOWERED));
    p.add(new JLabel("LOWERED SoftBevelBorder"));
    content.add(p);

    p = new JPanel();
    p.setBorder(new MatteBorder (new ImageIcon("spiral.gif")));
    p.add(new JLabel("MatteBorder"));
    content.add(p);

    p = new JPanel();
    p.setBorder(new TitledBorder (
      new MatteBorder (new ImageIcon("spiral.gif")),
      "Title String"));
    p.add(new JLabel("TitledBorder using MatteBorder"));
    content.add(p);

    p = new JPanel();
    p.setBorder(new TitledBorder (
      new LineBorder (Color.black, 5),
      "Title String"));
    p.add(new JLabel("TitledBorder using LineBorder"));
    content.add(p);

    p = new JPanel();
    p.setBorder(new TitledBorder (
      new EmptyBorder (10,10,10,10),
      "Title String"));
    p.add(new JLabel("TitledBorder using EmptyBorder"));
    content.add(p);

    setVisible(true);
  }
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  public static void main(String args[]) {
    new BorderTest();
  }
}

UI Guideline: 

BordersforVisualLayering.Usebordersto createavisualassociation between componentson aview.Bevelled
borders are graphically very strong and can be usedtostronglyassociateitems.W indowsLook& Feeldoesthis.
ForexamplebuttonsuseaRAISED BevelBorderanddatafieldsuseaLOW ERED BevelBorder.Ifyouwantto
visually associatecomponentsordraw attention to acomponentthen you can create avisuallayerby careful
useofBevelBorder.Ifyouwanttodraw attentiontoaparticularbuttonorgroupofbuttons,youmightconsider
thickening the RAISED bevel using BorderInsets discussed in 3.2.2

Bordersfor VisualGrouping.Usebordersto createGroup Boxes.EtchedBorderand LineBorderareparticularly
effective for this,as they are graphically weaker then BevelBorder.EmptyBorder is also very usefulfor
grouping.Itusesthepowerofnegative(white)spaceto visuallyassociatethecontained componentsand draw
the viewer eye to the group. 

You may wish to createavisualgrouping ofattributesorsimply signify the boundsofa setofchoices.Grouping
related Radio Buttons and Checkboxes is particularly useful.

Achieving Visual Integration and Balance using Negative Space. Use a compound border including an
EmptyBorderto increase the Negative (white)Space around a ComponentorPanel.Visually,a Bordersets
whatisknown asa Ground (orarea)fora Figure.The Figure iswhatiscontained within the Border.Itis
importantto keep Figure and Ground in balance.Thisisdone by providing adequate white space around the
Figure.The strongerthe border,the more white space willbe required e.g.a BevelBorderwillrequire more
white space than an EtchedBorder. Ref. M ullet 95 (see Appendix B).

Border for VisualGrouping with Layering.Doubly compounded borderscan beused to group information and
communicate hierarchy using VisualLayering.Considerthe following implementation (fig 3-8).Here we are
indicating a common belonging forthe attributes within the border.They are both attributes ofCustomer.
Becausewehaveindicated thelabelCustomer(top LHS)in thebordertitle,wedo notneed to repeatthelabel
for each field. W e are further communicating the type of the Customer with the VIP label (bottom RHS).

VisualLayering of the hierachy involved is achieved by position and font.

(i)Position:In western cultures,theeyeistrained to scan from top leftto bottom right.Thussomething located top
left has a visual higher rank than something located bottom right.

(ii) Font: By bolding the Customer, we are clearly communicating it as the highest ranking detail.
W hatwe are displaying is a Customeroftype VIP.Nota VIP oftype Customer.The positioning and re-
inforcing with heavier font, clearly communicate this message

Figure 3.8 Visual Grouping w ith Layering

<<file figure3-8.gif>>



12

3.2.2 Inside Borders

It is important to understand that borders are not components. In fact AbstractBorder,theabstractclassall
borderclassesarederived from,directly extendsObject.Thuswecannotattach action and mouselisteners,
set tool tips, etc.

Note:Thishascertainsideeffects,oneofwhichisthatbordersaremuchlessefficientinpaintingthemselves.There
isno optimization supportlike there isin JComponent.W e can do intersting thingslike use a very thick
MatteBorder totileapanelwithanimage,butthisisaninefficient(andalsounreliable)solution.Ingeneral
don’tusereallylargebordersforanything.Ifyouneedanextremelylargeborderconsidersimulatingoneusing
JLabels and a container managed byBorderLayout.

One majorbenefitofBordersnotbeing componentsisthatwe can use a single Border instance with an
arbitrary number of components. In large scale apps this can reduce a significant amount of overhead.

W hen a Swing componentis assigned a borderits Insets are defined by thatborder’s width and height
settings.W hen layoutmanagers lay outJComponents,as we willsee in the nextchapter,they take into
accounttheirInsets and normally use JComponent’sgetInsets() m ethod to obtain thisinformation.
Inside the getInsets() m ethod, the current border is asked to provide its Insets using the
getBorderInsets() m ethod.

The Insets class consists of four publicly accessible int values: bottom, left, right, top.
TitleBorder m ustcompute itsInsets based on itscurrentfontand textposition which willnoteffect
every side and requireshandling formany differentcases--withouta doubtthisisthe mostcomplex border
provided bySwing.In the caseofCompoundBorder,both itsouterand innerInsets areretrieved through
callsto getBorderInsets() and then summed.A MatteBorder’sInsets aredetermined by thewidth
and height of its image. BevelBorder and EtchedBorder, have Insets values: 2, 2, 2, 2.
SoftBevelBorder hasInsetsvalues:3,3,3,3.EmptyBorder’sInsets aresimply thevaluesthatwere
passed in to the constructor. Each of LineBorder’sInsets values equals the thickness that was specified in 
the constructor (or 1 as the default).

Bordersgetpainted lastin the JComponent rendering pipelineto ensurethatthey alwaysappearon top of
their associated component. AbstractBorder defines methods to get a Rectangle representing the
interiorregion ofthe componenta borderisattached to:getInteriorRectangle().Any JComponent
subclass implementing its own painting methods may be interested in this area. Combined with the Graphics
clipping area, components may use this information to minimize their rendering work (refer back to chapter 2).

3.3 Creating a custom border
Tocreateacustom borderwecan implementthe javax.swing.Border interfaceand definethefollowing
three methods:

void paintBorder(Component c, Graphics g):perform theborderrendering--only paintwithin

theInsets region.

Insets getBorderInsets(Component c):return an Insets instancerepresenting thetop,bottom,

left, and right thicknesses.

boolean isBorderOpaque(): return whether or not the border is opaque or transparent.

The following class is a simple implementation of a custom rounded-rectangle border which we call
OvalBorder.
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Figure 3.9 A custom  rounded-corner Border im plem entation.

<<file figure3-9.gif>>

The Code: OvalBorder.java

see\Chapter3\2

import java.awt.*;

import javax.swing.*;
import javax.swing.border.*;

public class OvalBorder implements Border
{
  protected int m_w=6;
  protected int m_h=6;
  protected Color m_topColor = Color.white;
  protected Color m_bottomColor = Color.gray;

  public OvalBorder() {
    m_w=6;
    m_h=6;
  }

  public OvalBorder(int w, int h) {
    m_w=w;
    m_h=h;
  }

  public OvalBorder(int w, int h, Color topColor, 
   Color bottomColor) {
    m_w=w;
    m_h=h;
    m_topColor = topColor;
    m_bottomColor = bottomColor;
  }

  public Insets getBorderInsets(Component c) {
return new Insets(m_h, m_w, m_h, m_w);

  }

  public  boolean isBorderOpaque() { return true; }

  public void paintBorder(Component c, Graphics g, 
   int x, int y, int w, int h) {
    w--;
    h--;
    g.setColor(m_topColor);
    g.drawLine(x, y+h-m_h, x, y+m_h);
    g.drawArc(x, y, 2*m_w, 2*m_h, 180, -90);
    g.drawLine(x+m_w, y, x+w-m_w, y);



14

    g.drawArc(x+w-2*m_w, y, 2*m_w, 2*m_h, 90, -90);

    g.setColor(m_bottomColor);
    g.drawLine(x+w, y+m_h, x+w, y+h-m_h);
    g.drawArc(x+w-2*m_w, y+h-2*m_h, 2*m_w, 2*m_h, 0, -90);
    g.drawLine(x+m_w, y+h, x+w-m_w, y+h);
    g.drawArc(x, y+h-2*m_h, 2*m_w, 2*m_h, -90, -90);
  }

  public static void main(String[] args) {
    JFrame frame = new JFrame("Custom Border: OvalBorder");
    JLabel label = new JLabel("OvalBorder");
    ((JPanel) frame.getContentPane()).setBorder(new CompoundBorder(
      new EmptyBorder(10,10,10,10), new OvalBorder(10,10)));
    frame.getContentPane().add(label);
    frame.setBounds(0,0,300,150);
    frame.setVisible(true);
  }
}

Understanding the Code

This border consists of a raised shadowed rectangle with rounded corners. Instance variables:

int m_w: left and right inset value.

int m_h: top and bottom inset value.

Color m_topColor: non-shadow color.

Color m_bottomColor: shadow color.

Three constructors are provided to allow optionalspecification of the width and heightof left/rightand
top/bottom insetvaluesrespectively.W e can also specify the shadow color(bottom color)and non-shadow
color (top color). The inset values default to 6, the top color defaults to white, and the shadow color defaults to 
gray.

The isBorderOpaque() m ethod always returns true to signify thatthis border’s region willalways be
completely filled.getBorderInsests() simpley returnsan Insetsinstance m ade up ofthe left/rightand
top/bottom inset values specified in a constructor.

The paintBorder() m ethod isresponsible ofrendering ourborderand simply paintsa sequence offour
linesand arcsin the approproate colors.By simply reversing the use of bottomColor and topColor we
can switch from a raised look to a lowered look (a more flexible implementation might include a
raised/lowered flag, and an additional constructor parameter used to specify this).

The main() m ethod createsa JFrame with contentpane surrounded by a CompoundBorder.The outer
borderisan EmptyBorder to providewhitespace,and theinnerborderisan instanceofour OvalBorder
class with inset values of 10.

Running the Code

Figure3.9 illustrates.Try running thisclassand resizetheparentframe.Notethatwith avery smallwidth or
heighttheborderdoesnotrenderitselfpleasantly.A moreprofessionalimplementation would takethisinto
account in the paintBorder() routine.
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Chapter 4. Layout M anagers
In this chapter:

• Layouts overview

• Comparing common layout managers

• Using GridBagLayout, by James Tan

• Choosing the right layout

• Custom layout manager: part I - Label/field pairs

• Custom layout manager: part II - Common interfaces

• Dynamic layout in a JavaBeans container

4.1 Layouts overview
In thischapterwepresentseveralexamplesshowing how to usevariouslayoutsto satisfy specificgoals,and
how to create two custom layout managers that simplifytheconstructionofmanycommoninterfaces.W ealso
show how to constructabasic containerforJavaBeanswhich mustbeableto manageadynamicnumberof
components. But beforewepresenttheseexamplesitishelpfultounderstandthebigpictureoflayouts,which
classes use their own custom layouts, and exactly what it means to be a layout manager.

All layout managers implement one of two interfaces defined in the java.awt package: LayoutManager or 
itssubclass,LayoutManager2.LayoutManager declaresa setofmethodsthatare intended to provide a
straight-forward, organized means of managing component positions and sizes in a container. Each
implementation ofLayoutManager definesthese methodsin differentwaysaccoring to itsspecific needs.
LayoutManager2 enhancesthisby adding methodsintended to aid in managing componentpostitionsand
sizesusing constraints-based objects.Constraints-based objectsusually storeposition and sizing information
aboutonecomponentand implementationsofLayoutManager2 normally storeonecontraints-based object
percomponent.Forinstance,GridBagLayout usesa Hashtable to map each Component itmanagesto
its own GridBagConstraints object.

Figure4.1 showsalltheclassesimplementing LayoutManager and LayoutManager2.Notethatthereare
severalUIclassesimplementing these interfacesto provide custom layoutfunctionality forthemselves.The
otherclasses--theclasseswearemostfamilarand concerned with--are builtsolely to provide help in laying
out containers they are assigned to. 

Each containershould be assigned one layoutmanager,and no layoutmanagershould be used to manage
more than one container.

Note:In thecaseofseveralUIcomponentsshown in figure4.1,thecontainerand thelayoutmanagerarethesame
object.Normally,however,thecontainerandthelayoutmanagerareseparateobjectsthatcommunicateheavily
with each other.
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Figure 4.1 LayoutM anager and LayoutM anager2 im plem entations 

<<file figure4-1.gif>>

4.1.1 LayoutM anager

abstract interface java.awt.LayoutM anager

This interface must be implemented by any layout manager. Two methods are especially noteworthy:

layoutContainer(Container parent) calculates and sets the bounds for allcomponents in the

given container.

preferredLayoutSize(Container parent) calculates the preferred size requirements to lay out

components in the given container and returns a Dimension instance representing this size.

4.1.2 LayoutM anager2

abstract interface java.awt.LayoutM anager2

This interface extends LayoutManager to provide a framework for those layout managers that use
constraints-based layouts. M ethod addLayoutComponent(Component comp, Object
constraints) adds a new componentassociatedwithaconstraints-basedobjectwhichcarriesinformation
about how to lay out this component. 

A typicalimplementation is BorderLayout which requires a direction (north,east,etc.) to position a
component.In this case the constraintobjects used are static Strings such as BorderLayout.NORTH,
BorderLayout.EAST,etc.W e are normally blind to the factthatBorderLayout is constraints-based
because we are never required to manipulate the constraint objects at all. This is not thecasewithlayoutssuch
as GridBagLayout, where we must work directly with the contraint objects (instances of
GridBagConstraints).
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4.1.3 BoxLayout

class javax.swing.BoxLayout

BoxLayout organizesthecomponentsitmanagesalong eitherthe x-axisor y-axisofthe ownerpanel.The
only constructor,BoxLayout(Container target, int axis),takes a reference to the Container
componentitwillmanageandadirection (BoxLayout.X_AXIS orBoxLayout.Y_AXIS).Componentsare
laid outaccording to theirpreferred sizesand notwrapped,even ifthe containerdoesnotprovide enough
space.

4.1.4 Box

class javax.swing.Box

To makeusing theBoxLayout m anagereasier,Swing also providesaclassnamed Box which isacontainer
with an automatically assigned BoxLayout m anager.To createan instanceofthiscontainerwesimply pass
the desired alignment to its constructor. The Box class also supports the insertion of invisible blocks (instances 
ofBox.Filler--see below)allowing regionsofunused space to be specified.These blocksare basically
lightweight components with bounds (position and size) but no view. 

4.1.5 Filler

static class javax.swing.Box.Filler

Thisstatic innerclassdefinesinvisible componentsthataffecta container’slayout.The Box classprovides
convenient static methods for the creation of three different variations: glue, struts, and rigid areas.

createHorizontalGlue(),createVerticalGlue():returns a componentwhich fills the space

betweenitsneighboring components,pushing them asideto occupyallavailablespace(thisfunctionality

is more analagous to a spring than it is to glue).

createHorizontalStrut(int width),createVerticalStrut(int height):returnsa fixed-

width (height) component which provides a fixed gap between its neighbors.

createRigidArea(Dimension d): returns an invisible component of fixed width and height.

Note:AllrelevantBox methods are static and,as such,they can be applied to any container managed by a
BoxLayout, not just instances of Box.Box should be thought of as utilities class as much as it is a container.

4.1.6 FlowLayout

class java.awt.FlowLayout

Thisisa simple layoutwhich placescomponentsfrom leftto rightin a row using the preferred component
sizes(i.e.size returned by getPreferredSize())untilno space in the containerisavailable.W hen no
space is available a new row is started. Because this placement depends on the current size of thecontainerwe
cannot always guarantee in advance which row a component will be placed in.

FlowLayout istoosimpletorelyoninseriousapplicationswherewewanttobesure,forinstance,thataset
of buttons will resideatthebottom ofadialogandnotonit'srightside.However,itcanbeusefulasapadfor
a single componentto ensure thatthis componentwillbe placed in the center of a container.Note that
FlowLayout isthedefaultlayoutforallJPanels(theonly exception isthecontentpaneofa JRootPane
which is always initialized with a BorderLayout).
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4.1.7 GridLayout

class java.awt.GridLayout

This layout places components in a rectangular grid. There are three constructors:

GridLayout(): creates a layout with one column per component. Only one row is used.

GridLayout(int rows, int cols): creates a layout with the given number of rows and columns.

GridLayout(int rows, int cols, int hgap, int vgap): creates a layout with the given

numberofrowsand columns,and the given size ofhorizontaland verticalgapsbetween each row and

column.

GridLayout placescomponentsfrom leftto rightand from top to bottom assigning thesamesizeto each.It
forces occupation of all available container space and shares this space evenly between components. W hen not 
used carefully this can lead to undesirable componentsizing,such as textboxes three times higherthan
expected.

4.1.8 GridBagLayout

class java.awt.GridBagLayout, class java.awt.GridBagConstraints

Thislayoutextendsthe capabilitiesofGridLayout to become constraints-based.Itbreaksthe container's
spaceinto equalrectangularpieces(likebricksin awall)and placeseach componentin oneormoreofthese
pieces. You need to create and fill a GridBagConstraints object for each component to inform
GridBagLayout how to place and size that component.

GridBagLayout can beeffectively used forplacementofcomponents,ifno specialbehaviorisrequired on
resizing.However,due to it's complexity itusually requires some helpermethods orclasses to handle all
necessaryconstraintsinformation.Jam esTan,ausabilityexpertand GridBagLayout extraordinaire,givesa
comprehensiveoverview ofthismanagerin section 4.3.Healso presentsahelperclassto easetheburden of
dealing with GridBagConstraints.

4.1.9 BorderLayout

class java.awt.BorderLayout

Thislayoutdividesacontainerinto fiveregions:center,north,south,east,and west.To specify theregion to
place a component in we use Strings of the form “Center,” “North,” etc., or the static String fields defined 
in BorderLayout: BorderLayout.CENTER,BorderLayout.NORTH,etc.During the layout process,
components in the north and south regions will first be alotted their preferred height (if possible) and the width 
ofthecontainer.Oncesouthandnorthcomponentshavebeenassignedsizes,componentsintheeastandwest
regionswillattemptto occupy theirpreferred width and any remaining heightbetween the north and south
components.A componentin thecenterregion willoccupy allremaining availablespace.BorderLayout is
very useful, especially in conjunction with other layouts as we will see in this and future chapters.

4.1.10 CardLayout

class java.awt.CardLayout

CardLayout treatsallcomponentssimilarto cardsofequalsize overlapping one another.Only one card
component is visible at any given time (figure 4.2 illustrates). M ethods first(), last(), next(),
previous(), and show() can be called to switch between components in the parent Container.
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Figure 4.2 CardLayout

<<file figure4-2.gif>>

In a stack of several cards, only the top-most card is visible. The following code a simple CardLayout demo, 
which endlessly flips through four cards containing buttons.

4.1.11 JPanel

class javax.swing.JPanel

Thisclassrepresentsagenericlightweightcontainer.Itworksinclosecooperation with layoutmanagers.The
default constructor creates a JPanel with FlowLayout,but different layouts can be specified in the
constructor or assigned using the setLayout() method (see chapter 3 for more about JPanel).

Note:ThecontentpaneofaJRootPane containerisaJPanel which,bydefault,isassignedaBorderLayout,
not a FlowLayout.

Note: W e have purposely omitted the discussion of several layout managers here (e.g.ViewportLayout,
ScrollPaneLayout,JRootPane.RootPaneLayout,etc.)because they are rarely used by developers
and are more appropriately discussed in termsofthe componentsthatrely on them.Forinstance,we discuss
ViewportLayout and ScrollPaneLayout in chapter 7.

4.2 Comparing common layout managers
Thefollowing exampledemonstratesthe mostcommonly used AW T and Swing layoutmanagers.Itshowsa
set of JInternalFrames containing identical sets of components, each using a different layout. The purpose 
of this example is to allow direct simultaneous layout manager comparisons using resizable containers.
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Figure 4.3 Com paring com m on layouts

<<file figure4-3.gif>>

The Code: Com m onLayouts.java
see\Chapter4\1

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class CommonLayouts extends JFrame 
{
  public CommonLayouts() {
    super("Common Layout Managers");
    setSize(500, 380);

    JDesktopPane desktop = new JDesktopPane();
    getContentPane().add(desktop);

    JInternalFrame fr1 = 
     new JInternalFrame("FlowLayout", true, true);
    fr1.setBounds(10, 10, 150, 150);
    Container c = fr1.getContentPane();
    c.setLayout(new FlowLayout());
    c.add(new JButton("1"));
    c.add(new JButton("2"));
    c.add(new JButton("3"));
    c.add(new JButton("4"));
    desktop.add(fr1, 0);

    JInternalFrame fr2 = 
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      new JInternalFrame("GridLayout", true, true);
    fr2.setBounds(170, 10, 150, 150);
    c = fr2.getContentPane();
    c.setLayout(new GridLayout(2, 2));
    c.add(new JButton("1"));
    c.add(new JButton("2"));
    c.add(new JButton("3"));
    c.add(new JButton("4"));
    desktop.add(fr2, 0);

    JInternalFrame fr3 = 
      new JInternalFrame("BorderLayout", true, true);
    fr3.setBounds(330, 10, 150, 150);
    c = fr3.getContentPane();
    c.add(new JButton("1"), BorderLayout.NORTH);
    c.add(new JButton("2"), BorderLayout.EAST);
    c.add(new JButton("3"), BorderLayout.SOUTH);
    c.add(new JButton("4"), BorderLayout.WEST);
    desktop.add(fr3, 0);

    JInternalFrame fr4 = new JInternalFrame("BoxLayout - X", 
      true, true);
    fr4.setBounds(10, 170, 250, 120);
    c = fr4.getContentPane();
    c.setLayout(new BoxLayout(c, BoxLayout.X_AXIS));
    c.add(new JButton("1"));
    c.add(Box.createHorizontalStrut(12));
    c.add(new JButton("2"));
    c.add(Box.createGlue());
    c.add(new JButton("3"));
    c.add(Box.createHorizontalGlue());
    c.add(new JButton("4"));
    desktop.add(fr4, 0);

    JInternalFrame fr5 = new JInternalFrame("BoxLayout - Y", 
      true, true);
   fr5.setBounds(330, 170, 150, 180);
    c = fr5.getContentPane();
    c.setLayout(new BoxLayout(c, BoxLayout.Y_AXIS));
    c.add(new JButton("1"));
    c.add(Box.createVerticalStrut(10));
    c.add(new JButton("2"));
    c.add(Box.createGlue());
    c.add(new JButton("3"));
    c.add(Box.createVerticalGlue());
    c.add(new JButton("4"));
    desktop.add(fr5, 0);

    try { 
      fr1.setSelected(true); 
    } 
    catch (java.beans.PropertyVetoException ex) {}

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }
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  public static void main(String argv[]) {
    new CommonLayouts();
  }
}

Understanding the Code

Class CommonLayouts

TheCommonLayouts constructorcreatesfive JInternalFrames and placesthem in a JDesktopPane.
EachoftheseframescontainsfourJButtonslabeled “1,” “2,” “3” and “4.” Each frameisassigned aunique
layoutmanager: a FlowLayout,a2x2 GridLayout,aBorderLayout,an x-oriented BoxLayout,and a
y-oriented BoxLayout respectively.Notethattheinternalframesusing BoxLayout also usestrutand glue
filler components to demonstrate their behavior.

Running the Code

Figure 4.3 shows CommonLayouts in action. Note the differences in each frame’s content as it changes size:

FlowLayout places components in one or more rows depending on the width of the container.

GridLayout assigns an equal size to all components and fills all container space.

BorderLayout places components along the sides of the container.

x-oriented BoxLayout always places components in a row.The distance between the firstand second

componentsis12 pixels(determined by thehorizontalstrutcomponent).Distancesbetween thesecond,

third,and fourth componentsareequalized and takeup allremaining width (determined by thetwo glue

filler components).

y-oriented BoxLayout alwaysplacescomponentsin acolumn.Thedistancebetween thefirstand second

components is 10 pixels (determined by the verticalstrutcomponent).Distances between the second,

third,and fourth componentsareequalized and takeup allavailableheight(determined by thetwo glue

filler components).

4.3 Using GridBagLayout 

...by James Tan, Systems Analyst, United Overseas Bank Singapore, jamestan@ earthling.net 

Ofallthe layouts included with Swing and AW T,GridBagLayout is by farthe mostcomplex.In this
section,wewillwalk through thevariousconstraintsattributesitrelieson, along with severalshortexamples
showing how to usethem.W efollow up thisdiscussion with acomprehensiveinputdialog exampleputting
together all these attributes. W e then conclude thissectionwiththeconstructionanddemonstrationofahelper
classdesigned to make using GridBagLayout more convenient. 

4.3.1 Default behavior of GridBagLayout

Bysimplysettingacontainer’slayouttoaGridBagLayout andadding Componentstoit,theresultwillbe
arow ofcomponents,each setto theirpreferred size,tightlypacked and placed in thecenterofthecontainer.
Unlike FlowLayout,GridBagLayout willallow componentsto be clipped by the edge ofthe managing
container,anditwillnotmovechildcomponentsdownintoanew row.Thefollowingcodedemonstrates,and
figure 4.4 shows the result:

  JInternalFrame fr1 = new JInternalFrame(
    "Example 1", true, true );
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  fr1.setBounds( 5, 5, 270, 100 );
  cn = fr1.getContentPane();
  cn.setLayout( new GridBagLayout() );
  cn.add( new JButton( "Wonderful" ) );
cn.add( new JButton( "World" ) );

  cn.add( new JButton( "Of" ) );
  cn.add( new JButton( "Swing !!!" ) );
  desktop.add( fr1, 0 );

Figure 4.4 Default GridBagLayout behaviour

<<figure4-4.gif>>

4.3.2 Introducing GridBagConstraint

W hen a component is added to a container which has been assigned a GridBagLayout, a default
GridBagConstraints objectisused by thelayoutmanagerto placethecomponentaccordingly,asin the
above example. By creating and setting a GridBagConstraints’ attributes and passing it in as an
additional parameter in the add() method, we can flexibly manage the placement of our components. 

Below are the various attributes we can setin a GridBagConstraints objectalong with theirdefault
values. The behaviour of these attributes will be explained in the examples that follow.

  public int gridx = GridBagConstraints.RELATIVE;
  public int gridy = GridBagConstraints.RELATIVE;
  public int gridwidth = 1;
  public int gridheight = 1;
  public double weightx = 0.0; 
  public double weighty = 0.0;
  public int anchor = GridBagConstraints.CENTER;
  public int fill = GridBagConstraints.NONE;
  public Insets insets = new Insets( 0, 0, 0, 0 );
  public int ipadx = 0;
  public int ipady = 0;

4.3.3 Using the gridx, gridy, insets, ipadx and ipady constraints

The gridx and gridy constraints(orcolumn and row constraints)are used to specify the exactgrid cell
location wherewewantourcomponentto beplaced.Componentsplacementstartsfrom theupperleftcorner
ofthecontainer,and gridx and gridy beginwithvaluesof0.Specifying negativevaluesforeitherofthese
attributesisequivalentto setting them to GridBagConstraints.RELATIVE,which meansthatthe next
component added will be placed directly after the previous gridx or gridy location.

Theinsets constraintaddsan invisibleexteriorpadding around theassociated component.Negativevalues
can be used which will force the component to be sized larger than the cell it is contained in.

Theipadx and ipady constraints add an interior padding which increases the preferred size of the associated 
component.Specifically,itadds ipadx * 2 pixels to the preferred width and ipady * 2 pixels to the
preferred height (* 2 because this padding applies to both sides of the component).

In thisexampleweplacethe “W onderful” and “W orld” buttonsin thefirstrow and theothertwo buttonsin
thesecond row.W ealso associateinsetswith each button so they don’tlook too cluttered,and they vary in
both height and width.
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  JInternalFrame fr2 = new JInternalFrame("Example 2", true, true );
  fr2.setBounds( 5, 110, 270, 140 );
  cn = fr2.getContentPane();
  cn.setLayout( new GridBagLayout() );

  c = new GridBagConstraints();
  c.insets = new Insets( 2, 2, 2, 2 );
  c.gridx = 0;   // column 0
  c.gridy = 0;   // row 0
  c.ipadx = 5;   // increases component width by 10 pixels
  c.ipady = 5;   // increases component height by 10 pixels
  cn.add( new JButton( "Wonderful" ), c ); 

c.gridx = 1;   // column 1
  c.ipadx = 0;   // reset the padding to 0
  c.ipady = 0;
  cn.add( new JButton( "World" ), c );

  c.gridx = 0;   // column 0 
  c.gridy = 1;   // row 1 
  cn.add( new JButton( "Of" ), c );

  c.gridx = 1;   // column 1 
  cn.add( new JButton( "Swing !!!" ), c );

  desktop.add( fr2, 0 );

W ebeginbycreatingaGridBagConstraints objectto settheconstraintsforthefirstbutton component.
W e pass itin together with the button in the add() m ethod.W e reuse this same constraints objectby
changing therelevantattributesand passing in again foreach remaining component.Thisconservesmemory
and also relieves us of having to reassign a whole new group of attributes. Figure 4.5 shows the result.

Figure 4.5 Using the gridx, gridy, insets, ipadx and ipady constraints.

<<figure4-5.gif>>

4.3.4 Using weightx and weighty constraints

W henthecontainerintheaboveexampleisresized,thecomponentsrespecttheconstraintswehaveassigned,
but the whole group remains in the center of the container.W hy don’t the buttons grow to occupy a
proportional amount of the increased spacesurroundingthem?Theanswerliesintheuseoftheweightx and
weighty constraints, which both default to zero when GridBagConstraints is instantiated.

These two constraints specify how any extra space in a container should be distributed among each
component’scell.Theweightx attributeisused to specify thefraction ofextrahorizontalspaceto occupy.
Similarly,weighty isused to specify thefraction ofextraverticalspaceto occupy. Both constraintscan be
assigned values ranging from 0.0 to 1.0.
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Forexample,letssay wehavetwo buttons,A and B,placed in columns0 and 1 ofrow 0 respectively.Ifwe
specify weightx = 1.0 forthefirstbutton and weightx = 0 forthesecond button,when weresizethe
container,allextraspacewillbedistributed to thefirstbutton’scell--50% on theleftofthebutton and 50%
on the right.The otherbutton willbe pushed to the rightofthe containeras faras possible.Figure 4.6
illustrates.

Figure 4.6 w eightx and w eighty constraints.

<<figure4-6.gif>>

Gettingbackto our“W onderful” “W orld” “Of” “Swing!!!” example,wenow modifyallbuttoncellstoshare
any extracontainerspaceequally asthecontainerisresized.Specifying weightx = 1.0 and weighty = 
1.0,and keeping theseattributesconstantaseach componentis added,willtellGridBagLayout to useall
available space for each cell. 

  JInternalFrame fr3 = new JInternalFrame("Example 3", true, true );
  fr3.setBounds( 5, 255, 270, 140 );
  cn = fr3.getContentPane();
  cn.setLayout( new GridBagLayout() );

  c = new GridBagConstraints();
  c.insets = new Insets( 2, 2, 2, 2 );
  c.weighty = 1.0;
  c.weightx = 1.0;
  c.gridx = 0;
  c.gridy = 0;
  cn.add( new JButton( "Wonderful" ), c );

  c.gridx = 1;
  cn.add( new JButton( "World" ), c );

  c.gridx = 0;
  c.gridy = 1;
  cn.add( new JButton( "Of" ), c );

  c.gridx = 1;
  cn.add( new JButton( "Swing !!!" ), c );

  desktop.add( fr3, 0 );

Figure 4.7 Using w eightx and w eighty constraints.

<<figure4-7.gif>>
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4.3.5 Using gridwidth and gridheight constraints

GridBagLayout also allows us to span components across multiple cell using the gridwidth and
gridheight constraints.Todemonstratewemodifyourexampletoforcethe “W onderful” buttonto occupy
2 rowsand the “W orld” button to occupy 2 columns.Figure 4.8 illustrates.Note that occupying more cells
forces more rows and/or columns to be created based on current container size.

  JInternalFrame fr4 = new JInternalFrame("Example 4", true, true );
  fr4.setBounds( 280, 5, 270, 140 );
  cn = fr4.getContentPane();
  cn.setLayout( new GridBagLayout() );

  c = new GridBagConstraints();
  c.insets = new Insets( 2, 2, 2, 2 );
  c.weighty = 1.0;
  c.weightx = 1.0;
  c.gridx = 0;
  c.gridy = 0;
  c.gridheight = 2; // span across 2 rows 
  cn.add( new JButton( "Wonderful" ), c );

  c.gridx = 1;
  c.gridheight = 1; // remember to set back to 1 row 
  c.gridwidth = 2; // span across 2 columns 
  cn.add( new JButton( "World" ), c );

  c.gridy = 1;
  c.gridwidth = 1; // remember to set back to 1 column 
  cn.add( new JButton( "Of" ), c );

  c.gridx = 2;
  cn.add( new JButton( "Swing !!!" ), c );

  desktop.add( fr4, 0 );

Figures 4.8 Using gridw idth and gridheight constraints.

<<figure4-8.gif>>

4.3.6 Using anchor constraints

W e can control how a component is alignedwithinitscell(s)bysettingthe anchor constraint.Bydefaultthis
issetto GridBagConstraints.CENTER,which forcesthe componentto be centered within itsoccupied
cell(s).W e can choose from the following anchor settings:

  GridBagConstraints.NORTH
  GridBagConstraints.SOUTH
  GridBagConstraints.EAST
  GridBagConstraints.WEST
  GridBagConstraints.NORTHEAST
  GridBagConstraints.NORTHWEST
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  GridBagConstraints.SOUTHEAST
  GridBagConstraints.SOUTHWEST
  GridBagConstraints.CENTER

Below we’ve modified our example to anchor the “W onderful” button NORTH and the “W orld” button
SOUTHW EST.The “Of” and “Swing !!!” buttons are achored in the CENTER oftheircells.Figure 4.9
illustrates.

  JInternalFrame fr5 = new JInternalFrame("Example 5", true, true );
  fr5.setBounds( 280, 150, 270, 140 );
  cn = fr5.getContentPane();
  cn.setLayout( new GridBagLayout() );

  c = new GridBagConstraints();
  c.insets = new Insets( 2, 2, 2, 2 );
  c.weighty = 1.0;
  c.weightx = 1.0;
  c.gridx = 0;
  c.gridy = 0;
  c.gridheight = 2;
  c.anchor = GridBagConstraints.NORTH;
  cn.add( new JButton( "Wonderful" ), c );

  c.gridx = 1;
  c.gridheight = 1;
  c.gridwidth = 2;
  c.anchor = GridBagConstraints.SOUTHWEST; 
  cn.add( new JButton( "World" ), c );

  c.gridy = 1;
  c.gridwidth = 1;
  c.anchor = GridBagConstraints.CENTER;
  cn.add( new JButton( "Of" ), c );

  c.gridx = 2;
  cn.add( new JButton( "Swing !!!" ), c );

  desktop.add( fr5, 0 );

Figure 4.9 Using gridw idth and gridheight constraints.

<<figure4-9.gif>>

4.3.7 Using fill constraints

Themostcommonreasonforspanningmultiplecellsisbecausewewantthecomponentcontainedinthatcell
to occupy this enlarged space.To do this we use the gridheight/gridwidth constraints as described
above, as well as the fill constraint. The fill constraint can be assigned any of the following values:

  GridBagConstraints.NONE
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  GridBagConstraints.HORIZONTAL
  GridBagConstraints.VERTICAL
  GridBagConstraints.BOTH

Below we modify our example to force the “W onderful” button to occupy allavailable cellspace,both
vertically and horizontally. The “W orld” button now occupies all available horizontal cellspace,butcontinues
to useitspreferred verticalsize.The “Of” button doesnotmakeuseofthefillconstraintand simply usesits
preferred size.The “Swing !!!” button occupies all available vertical cell space,but uses its preferred
horizontal size. Figure 4.10 illustrates.

  JInternalFrame fr6 = new JInternalFrame("Example 6", true, true );
  fr6.setBounds( 280, 295, 270, 140 );
  cn = fr6.getContentPane();
  cn.setLayout( new GridBagLayout() );

  c = new GridBagConstraints();
  c.insets = new Insets( 2, 2, 2, 2 );
  c.weighty = 1.0;

c.weightx = 1.0;
  c.gridx = 0;
  c.gridy = 0;
  c.gridheight = 2;
  c.fill = GridBagConstraints.BOTH;
  cn.add( new JButton( "Wonderful" ), c );

  c.gridx = 1;
  c.gridheight = 1;
  c.gridwidth = 2;
  c.fill = GridBagConstraints.HORIZONTAL;
  cn.add( new JButton( "World" ), c );

  c.gridy = 1;
  c.gridwidth = 1;
  c.fill = GridBagConstraints.NONE;
  cn.add( new JButton( "Of" ), c );

  c.gridx = 2;
  c.fill = GridBagConstraints.VERTICAL;
  cn.add( new JButton( "Swing !!!" ), c );

  desktop.add( fr6, 0 );

Figure 4.10 Using fill constraints.

4.3.8 Putting it all together: Constructing a complaints dialog

Figure 4.11 shows a sketch of a generic complaints dialog that can be used for variousformsofuserfeedback.
This sketch showsclearlyhow weplantolayoutthevariouscomponents,andthecolum nsandrowsinwhich
they willbeplaced.In orderto settheconstraintscorrectly so thatthecomponentswillbelaid outasshown,
we must do the following:

Forthe “ShortDescription” textfield,we setthe gridwidth constraintto 3 and the fill constraintto
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GridBagConstraints.HORIZONTAL.In order to make this field occupy allthe horizontalspace

available, we also need to set the weightx constraints to 1.0.

Forthe “Description” textarea,wesetthe gridwidth constraintto 3,gridheight to 2,and the fill

constraintto GridBagConstraint.BOTH.In orderto make thisfield occupy allavailable horizontal

and vertical space, we set the weightx and weighty constraints to 1.0.

Forthe “Name,” “Telephone,” “Sex” and “ID Number” inputfields,we wanteach to use theirpreferred

width. Since widths each exceed the width of one cell,wesetgridwidth to3,andsetweightx to0.0

so that they have enough space to fit but they will not use any additional available horizontal space.

Forthe“Help” button,weset theanchor constraintto GridBagConstraint.NORTH sothatitwillstick

togetherwiththeuppertwobuttons,“Submit” and “Cancel.” Thefill constraintissetto HORIZONTAL

to force each of these buttons to occupy all available horizontal cell space.

All labels use their preferred sizes, and each component in this dialog is anchored WEST.

Figure 4.11 Sketch of a generic com plaints dialog.

<<figure4-11.gif>>

Our implementation follows, and figure 4.12 shows the resulting dialog.

import javax.swing.*;
import javax.swing.border.*;
import java.awt.*;
import java.awt.event.*;

public class ComplaintsDialog extends JDialog
{
  public ComplaintsDialog( JFrame frame ) {
    super( frame, true );
    setTitle( "Simple Complaints Dialog" );
    setSize( 500, 300 );
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    // Creates a panel to hold all components
    JPanel panel = new JPanel( new BorderLayout() );
    panel.setLayout( new GridBagLayout() );

    // give the panel a border gap of 5 pixels
    panel.setBorder( new EmptyBorder( new Insets( 5, 5, 5, 5 ) ) );
    getContentPane().add( BorderLayout.CENTER, panel );

    GridBagConstraints c = new GridBagConstraints();

    // Define preferred sizes for input fields
    Dimension shortField = new Dimension( 40, 20 );
    Dimension mediumField = new Dimension( 120, 20 );
    Dimension longField = new Dimension( 240, 20 );
    Dimension hugeField = new Dimension( 240, 80 );

    // Spacing between label and field
    EmptyBorder border = new EmptyBorder( new Insets( 0, 0, 0, 10 ) );
    EmptyBorder border1 = new EmptyBorder( new Insets( 0, 20, 0, 10 ) );

    // add space around all components to avoid clutter
    c.insets = new Insets( 2, 2, 2, 2 );

    // anchor all components WEST
    c.anchor = GridBagConstraints.WEST;

    JLabel lbl1 = new JLabel( "Short Description" );
    lbl1.setBorder( border ); // add some space to the right
    panel.add( lbl1, c );
    JTextField txt1 = new JTextField();
    txt1.setPreferredSize( longField );
    c.gridx = 1;
    c.weightx = 1.0; // use all available horizontal space
    c.gridwidth = 3; // spans across 3 columns
    c.fill = GridBagConstraints.HORIZONTAL; // fills the 3 columns
    panel.add( txt1, c );

    JLabel lbl2 = new JLabel( "Description" );
    lbl2.setBorder( border );
    c.gridwidth = 1;
    c.gridx = 0;
    c.gridy = 1;;
    c.weightx = 0.0; // do not use any extra horizontal space
    panel.add( lbl2, c );
    JTextArea area1 = new JTextArea();
    JScrollPane scroll = new JScrollPane( area1 );
    scroll.setPreferredSize( hugeField );
    c.gridx = 1;
    c.weightx = 1.0; // use all available horizontal space
    c.weighty = 1.0; // use all available vertical space
    c.gridwidth = 3; // span across 3 columns
    c.gridheight = 2; // span across 2 rows
    c.fill = GridBagConstraints.BOTH; // fills the cols & rows
    panel.add( scroll, c );

    JLabel lbl3 = new JLabel( "Severity" );
    lbl3.setBorder( border );
    c.gridx = 0;
    c.gridy = 3;
    c.gridwidth = 1;
    c.gridheight = 1;
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    c.weightx = 0.0;
    c.weighty = 0.0;
    c.fill = GridBagConstraints.NONE;
    panel.add( lbl3, c );
    JComboBox combo3 = new JComboBox();
    combo3.addItem( "A" );
    combo3.addItem( "B" );
    combo3.addItem( "C" );
    combo3.addItem( "D" );
    combo3.addItem( "E" );
    combo3.setPreferredSize( shortField );
    c.gridx = 1;
    panel.add( combo3, c );

    JLabel lbl4 = new JLabel( "Priority" );
    lbl4.setBorder( border1 );
    c.gridx = 2;
    panel.add( lbl4, c );
    JComboBox combo4 = new JComboBox();
    combo4.addItem( "1" );
    combo4.addItem( "2" );
    combo4.addItem( "3" );
    combo4.addItem( "4" );
    combo4.addItem( "5" );
    combo4.setPreferredSize( shortField );
    c.gridx = 3;
    panel.add( combo4, c );

    JLabel lbl5 = new JLabel( "Name" );
    lbl5.setBorder( border );
  c.gridx = 0;

    c.gridy = 4;
    panel.add( lbl5, c );
    JTextField txt5 = new JTextField();
    txt5.setPreferredSize( longField );
    c.gridx = 1;
    c.gridwidth = 3;
    panel.add( txt5, c );

    JLabel lbl6 = new JLabel( "Telephone" );
    lbl6.setBorder( border );
    c.gridx = 0;
    c.gridy = 5;
    panel.add( lbl6, c );
    JTextField txt6 = new JTextField();
    txt6.setPreferredSize( mediumField );
    c.gridx = 1;
    c.gridwidth = 3;
    panel.add( txt6, c );

    JLabel lbl7 = new JLabel( "Sex" );
    lbl7.setBorder( border );
    c.gridx = 0;
    c.gridy = 6;
    panel.add( lbl7, c );
    JPanel radioPanel = new JPanel();

    // Create a FlowLayout JPanel with 5 pixel horizontal gaps
    // and no vertical gaps
    radioPanel.setLayout( new FlowLayout( FlowLayout.LEFT, 5, 0 ) );
    ButtonGroup group = new ButtonGroup();
    JRadioButton radio1 = new JRadioButton( "Male" );
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    radio1.setSelected( true );
    group.add( radio1 );
    JRadioButton radio2 = new JRadioButton( "Female" );
    group.add( radio2 );
    radioPanel.add( radio1 );
    radioPanel.add( radio2 );
    c.gridx = 1;
    c.gridwidth = 3;
    panel.add( radioPanel, c);

    JLabel lbl8 = new JLabel( "ID Number" );
    lbl8.setBorder( border );
    c.gridx = 0;
    c.gridy = 7;
    c.gridwidth = 1;
    panel.add( lbl8, c );
    JTextField txt8 = new JTextField();
    txt8.setPreferredSize( mediumField );
    c.gridx = 1;
    c.gridwidth = 3;
    panel.add( txt8, c );

    JButton submitBtn = new JButton( "Submit" );
    c.gridx = 4;
    c.gridy = 0;
    c.gridwidth = 1;
    c.fill = GridBagConstraints.HORIZONTAL;
    panel.add( submitBtn, c );

    JButton cancelBtn = new JButton( "Cancel" );
    c.gridy = 1;
    panel.add( cancelBtn, c );

    JButton helpBtn = new JButton( "Help" );
    c.gridy = 2;
    c.anchor = GridBagConstraints.NORTH; // anchor north
    panel.add( helpBtn, c );

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener( wndCloser );

    setVisible( true );
  }

  public static void main( String[] args ) {
    new ComplaintsDialog( new JFrame() );
  }
}
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Figure 4.12 The Com plaints Dialog.

<<figure4-12.gif>>

4.3.9 Simple Helper class example

Aswecan seefrom thecodeabove,constructing dialogswith morethan afew componentseasily becomesa
very tedious task and reduces source code legibility as wellas organization.One way to make the use of
GridBagLayout cleaner and easier is to create a helper class thatmanages allconstraints for us,and
provides self-explanitory method names and predefined parameters.

Below isthe source code ofa simple helperclasswe have constructed forthispurpose.The method names
used are easier to understand and laying outour components using row and column parameters is more
intuitive than gridx and gridy.M ethods implemented in this class are each a variation of one of the
following:

addComponent: used to add a component that needs to adhere to its preferred size.

addAnchoredComponent: used to add a component that needs to be anchored.

addFilledComponent: used to add a component that will fill the entire cell space allocated to it.

import javax.swing.*;
import java.awt.*;

public class GriddedPanel extends JPanel
{
  private GridBagConstraints constraints;

  // default constraints value definitions
  private static final int C_HORZ = GridBagConstraints.HORIZONTAL;
  private static final int C_NONE = GridBagConstraints.NONE;
  private static final int C_WEST = GridBagConstraints.WEST;
  private static final int C_WIDTH = 1;
  private static final int C_HEIGHT = 1;

  // Create a GridBagLayout panel using a default insets constraint.
  public GriddedPanel() {
    this(new Insets(2, 2, 2, 2));
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  }

  // Create a GridBagLayout panel using the specified insets
  // constraint.
  public GriddedPanel(Insets insets) {
    super(new GridBagLayout());
    constraints = new GridBagConstraints();
    constraints.anchor = GridBagConstraints.WEST;
    constraints.insets = insets;
  }

  // Add a component to specified row and col.
  public void addComponent(JComponent component, int row, int col) {
    addComponent(component, row, col, C_WIDTH,
      C_HEIGHT, C_WEST, C_NONE);
  }

  // Add component to specified row and col, spanning across
  // a specified number of columns and rows.
  public void addComponent(JComponent component, int row, int col,
   int width, int height ) {
    addComponent(component, row, col, width, 
      height, C_WEST, C_NONE);
  }

  // Add component to specified row and col, using a specified
  // anchor constraint
  public void addAnchoredComponent(JComponent component, int row,
   int col, int anchor ) {
    addComponent(component, row, col, C_WIDTH, 
     C_HEIGHT, anchor, C_NONE);
  }

  // Add component to specified row and col, spanning across
  // a specified number of columns and rows, using a specified
  // anchor constraint
  public void addAnchoredComponent(JComponent component, 
   int row, int col, int width, int height, int anchor) {
     addComponent(component, row, col, width, 
       height, anchor, C_NONE);
  }

  // Add component to specified row and col 
  // filling the column horizontally.
  public void addFilledComponent(JComponent component, 
   int row, int col) {
    addComponent(component, row, col, C_WIDTH, 
     C_HEIGHT, C_WEST, C_HORZ);
  }

  // Add component to the specified row and col 
  // with the specified fill constraint.
  public void addFilledComponent(JComponent component, 
   int row, int col, int fill) {
  addComponent(component, row, col, C_WIDTH, 

     C_HEIGHT, C_WEST, fill);
  }

  // Add component to the specified row and col,
  // spanning a specified number of columns and rows,
  // with specified fill constraint
  public void addFilledComponent(JComponent component, 
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   int row, int col, int width, int height, int fill) {
    addComponent(component, row, col, width, height, C_WEST, fill);
  }

  // Add component to the specified row and col,
  // spanning specified number of columns and rows, with
  // specified fill and anchor constraints
  public void addComponent(JComponent component, 
   int row, int col, int width, int height, int anchor, int fill) {
    constraints.gridx = col;
    constraints.gridy = row;
    constraints.gridwidth = width;
    constraints.gridheight = height;
    constraints.anchor = anchor;
    double weightx = 0.0;
    double weighty = 0.0;

    // only use extra horizontal or vertical space if component
    // spans more than one column and/or row.
    if(width > 1)
      weightx = 1.0;
    if(height > 1)
      weighty = 1.0;

    switch(fill)
    {
      case GridBagConstraints.HORIZONTAL:
        constraints.weightx = weightx;
        constraints.weighty = 0.0;
        break;
      case GridBagConstraints.VERTICAL:
        constraints.weighty = weighty;
        constraints.weightx = 0.0;
        break;
      case GridBagConstraints.BOTH:
        constraints.weightx = weightx;
        constraints.weighty = weighty;
        break;
      case GridBagConstraints.NONE:
        constraints.weightx = 0.0;
        constraints.weighty = 0.0;
        break;
        default:
        break;
    }
    constraints.fill = fill;
    add(component, constraints);
  }
}

Below is the source code used to constructthe same complaints dialog as above,using ourhelperclass
methodsinstead ofmanipulating theconstraintsdirectly.Notethatthesizeofthecodehasbeen reduced and
thereadabilityimproved.Alsonotethatweaddcomponentsstartingatrow 1andcolumn1,ratherthanrow 0
and column 0, as this is the most common numbering scheme for rows and columns (see figure 4.11). 

import javax.swing.*;
import javax.swing.border.*;
import java.awt.*;
import java.awt.event.*;

public class ComplaintsDialog2 extends JDialog
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{
  public ComplaintsDialog2( JFrame frame ) {
    super( frame, true );
    setTitle( "Simple Complaints Dialog" );
    setSize( 500, 300 );

    GriddedPanel panel = new GriddedPanel();
    panel.setBorder(new EmptyBorder(new Insets(5, 5, 5, 5)));
    getContentPane().add(BorderLayout.CENTER, panel);

    // Input field dimensions
    Dimension shortField = new Dimension( 40, 20 );
    Dimension mediumField = new Dimension( 120, 20 );
    Dimension longField = new Dimension( 240, 20 );
    Dimension hugeField = new Dimension( 240, 80 );

    // Spacing between labels and fields
    EmptyBorder border = new EmptyBorder(
      new Insets( 0, 0, 0, 10 ));
    EmptyBorder border1 = new EmptyBorder(
      new Insets( 0, 20, 0, 10 ));

    JLabel lbl1 = new JLabel( "Short Description" );
    lbl1.setBorder( border );
    panel.addComponent( lbl1, 1, 1 );
    JTextField txt1 = new JTextField();
    txt1.setPreferredSize( longField );
    panel.addFilledComponent( txt1, 1, 2, 3, 1,
      GridBagConstraints.HORIZONTAL );

    JLabel lbl2 = new JLabel( "Description" );
    lbl2.setBorder( border );
    panel.addComponent( lbl2, 2, 1 );
    JTextArea area1 = new JTextArea();
    JScrollPane scroll = new JScrollPane( area1 );
    scroll.setPreferredSize( hugeField );
    panel.addFilledComponent( scroll, 2, 2, 3, 2,
      GridBagConstraints.BOTH );

    JLabel lbl3 = new JLabel( "Severity" );
    lbl3.setBorder( border );
    panel.addComponent( lbl3, 4, 1 );
    JComboBox combo3 = new JComboBox();
    combo3.addItem( "A" );
   combo3.addItem( "B" );
    combo3.addItem( "C" );
    combo3.addItem( "D" );
    combo3.addItem( "E" );
    combo3.setPreferredSize( shortField );
    panel.addComponent( combo3, 4, 2 );

    JLabel lbl4 = new JLabel( "Priority" );
    lbl4.setBorder( border1 );
    panel.addComponent( lbl4, 4, 3 );
    JComboBox combo4 = new JComboBox();
    combo4.addItem( "1" );
    combo4.addItem( "2" );
    combo4.addItem( "3" );
    combo4.addItem( "4" );
    combo4.addItem( "5" );
    combo4.setPreferredSize( shortField );
    panel.addComponent( combo4, 4, 4 );
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    JLabel lbl5 = new JLabel( "Name" );
    lbl5.setBorder( border );
    panel.addComponent( lbl5, 5, 1 );
    JTextField txt5 = new JTextField();
    txt5.setPreferredSize( longField );
    panel.addComponent( txt5, 5, 2, 3, 1 );

    JLabel lbl6 = new JLabel( "Telephone" );
    lbl6.setBorder( border );
    panel.addComponent( lbl6, 6, 1 );
    JTextField txt6 = new JTextField();
    txt6.setPreferredSize( mediumField );
    panel.addComponent( txt6, 6, 2, 3, 1 );

    JLabel lbl7 = new JLabel( "Sex" );
    lbl7.setBorder( border );
    panel.addComponent( lbl7, 7, 1 );
    JPanel radioPanel = new JPanel();
    radioPanel.setLayout(new FlowLayout(FlowLayout.LEFT, 5, 0));
    ButtonGroup group = new ButtonGroup();
    JRadioButton radio1 = new JRadioButton( "Male" );
    radio1.setSelected( true );
    group.add( radio1 );
    JRadioButton radio2 = new JRadioButton( "Female" );
    group.add( radio2 );
    radioPanel.add( radio1 );
    radioPanel.add( radio2 );
    panel.addComponent( radioPanel, 7, 2, 3, 1 );

    JLabel lbl8 = new JLabel( "ID Number" );
    lbl8.setBorder( border );
    panel.addComponent( lbl8, 8, 1 );
    JTextField txt8 = new JTextField();
    txt8.setPreferredSize( mediumField );
    panel.addComponent( txt8, 8, 2, 3, 1 );

    JButton submitBtn = new JButton( "Submit" );
    panel.addFilledComponent( submitBtn, 1, 5 );

    JButton cancelBtn = new JButton( "Cancel" );
    panel.addFilledComponent( cancelBtn, 2, 5 );

    JButton helpBtn = new JButton( "Help" );
    panel.addComponent(helpBtn, 3, 5, 1, 1, 
      GridBagConstraints.NORTH, GridBagConstraints.HORIZONTAL);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener( wndCloser );

    setVisible( true );
  }

  public static void main( String[] args ) {
    new ComplaintsDialog2( new JFrame() );
  }
}
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4.4 Choosing the right layout
In this section we’llshow how to choose the rightcombination oflayouts and intermediate containers to
satisfy a pre-defined program specification.Consider a sample application which makes airplane ticket
reservations.The following specification describes which components should be included and how they
should be placed in the application frame:

1.A textfieldlabeled"Date:",acomboboxlabeled"From:",andacomboboxlabeled"To:"mustresideat

thetop offrame.Labelsmustbeplaced to theleftsideoftheircorresponding component.The textfield

and combo boxes must be of equal size, reside in a column, and occupy all available width.

2. A group of radio buttons titled "Options" must reside in the top right corner of the frame. This group must 

include "First class", "Business", and "Coach" radio buttons.

3.A listcomponenttitled "AvailableFlights"mustoccupy thecentralpartoftheframeand itshould grow

or shrink when the size of the frame changes.

4.Threebuttonstitled "Search","Purchase",and "Exit"mustresideatthebottom oftheframe.They must

form a row, have equal sizes, and be center-aligned.

OurFlightReservation exampledemonstrateshow to fulfilltheserequirements.W edo notprocessany
inputfrom thesecontrolsand do notattemptto putthem to work;wejustdisplay them on thescreen in the
correctpositionandsize.(Threevariantsareshown to accomplish thelayoutofthetextfields,combo boxes,
and their associated labels. Two are commented out, and a discussion of each is given below.)

Note: A similar control placement assignment is part of Sun’sJava Developer certification exam.

Figure 4.13 FlightReservation layout- Variant 1

<<file figure4-13.gif>>
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Figure 4.14 FlightReservation layout- Variant 2

<<file figure4-14.gif>>

Figure 4.15 FlightReservation layout- Variant 3

<<file figure4-15.gif>>

The Code: FlightReservation.java
see\Chapter4\3

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class FlightReservation extends JFrame 
{
  public FlightReservation() {
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    super("Flight Reservation Dialog");
    setSize(400, 300);

    JPanel p1 = new JPanel();
    p1.setLayout(new BoxLayout(p1, BoxLayout.X_AXIS));

    JPanel p1r = new JPanel();
    p1r.setBorder(new EmptyBorder(10, 10, 10, 10));

    // Variant 1
    p1r.setLayout(new GridLayout(3, 2, 5, 5));

    p1r.add(new JLabel("Date:"));
    p1r.add(new JTextField());

    p1r.add(new JLabel("From:"));
    JComboBox cb1 = new JComboBox();
    cb1.addItem("New York");
    p1r.add(cb1);

    p1r.add(new JLabel("To:"));
    JComboBox cb2 = new JComboBox();
    cb2.addItem("London");
    p1r.add(cb2);

    p1.add(p1r);

    ///////////////
    // Variant 2 //
    ///////////////
    // JPanel p11 = new JPanel();
    // p11.setLayout(new BoxLayout(p11, BoxLayout.Y_AXIS));
    // 
    // JPanel p12 = new JPanel();
    // p12.setLayout(new BoxLayout(p12, BoxLayout.Y_AXIS));
    //
    // p11.add(new JLabel("Date:"));
    // p12.add(new JTextField());
    //
    // p11.add(new JLabel("From:"));
    // JComboBox cb1 = new JComboBox();
    // cb1.addItem("New York");
    // p12.add(cb1);
    //
    // p11.add(new JLabel("To:"));
    // JComboBox cb2 = new JComboBox();
    // cb2.addItem("London");
    // p12.add(cb2);
   //
    // p1.add(p11);
    // p1.add(Box.createHorizontalStrut(10));
    // p1.add(p12);

    ///////////////
    // Variant 3 //
    ///////////////
    // JPanel p11 = new JPanel();
    // p11.setLayout(new GridLayout(3, 1, 5, 5));
    // 

// JPanel p12 = new JPanel();
    // p12.setLayout(new GridLayout(3, 1, 5, 5));
    //
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    // p11.add(new JLabel("Date:"));
    // p12.add(new JTextField());
    // 
    // p11.add(new JLabel("From:"));
    // JComboBox cb1 = new JComboBox();
    // cb1.addItem("New York");
    // p12.add(cb1);
    // 
    // p11.add(new JLabel("To:"));
    // JComboBox cb2 = new JComboBox();
    // cb2.addItem("London");
    // p12.add(cb2);
    // 
    // p1r.setLayout(new BorderLayout());
    // p1r.add(p11, BorderLayout.WEST);
    // p1r.add(p12, BorderLayout.CENTER);
    // p1.add(p1r);

    JPanel p3 = new JPanel();
    p3.setLayout(new BoxLayout(p3, BoxLayout.Y_AXIS));
    p3.setBorder(new TitledBorder(new EtchedBorder(), 
      "Options"));

    ButtonGroup group = new ButtonGroup();
    JRadioButton r1 = new JRadioButton("First class");
    group.add(r1);
    p3.add(r1);

    JRadioButton r2 = new JRadioButton("Business");
    group.add(r2);
    p3.add(r2);

    JRadioButton r3 = new JRadioButton("Coach");
    group.add(r3);
    p3.add(r3);

    p1.add(p3);

    getContentPane().add(p1, BorderLayout.NORTH);

    JPanel p2 = new JPanel(new BorderLayout());
    p2.setBorder(new TitledBorder(new EtchedBorder(), 
      "Available Flights"));
    JList list = new JList();
    JScrollPane ps = new JScrollPane(list);
    p2.add(ps, BorderLayout.CENTER);
    getContentPane().add(p2, BorderLayout.CENTER);

    JPanel p4 = new JPanel();
    JPanel p4c = new JPanel();
    p4c.setLayout(new GridLayout(1, 3, 5, 5));

    JButton b1 = new JButton("Search");
    p4c.add(b1);

    JButton b2 = new JButton("Purchase");
    p4c.add(b2);

    JButton b3 = new JButton("Exit");
    p4c.add(b3);

    p4.add(p4c);
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    getContentPane().add(p4, BorderLayout.SOUTH);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  public static void main(String argv[]) {
    new FlightReservation();
  }
}

Understanding the Code

Class FlightReservation

The constructor of the FlightReservation class creates andpositionsallnecessaryGUIcomponents.W e
will explain step by step how we've chosen intermediate containers and their layouts to fulfilltherequirements
listed at the beginning of this section.

Theframe(morespecifically it'scontentPane)ismanaged by a BorderLayout by default.A textfield,
and thecombo boxesand associated labelsareadded in aseparatecontainerto thenorth along with theradio
buttons;pushbuttonsinthesouth;andthelistcomponentisplacedinthecenter.Thisguaranteesthattop and
bottom (north and south)containerswillreceivetheirnaturalheight,and thatthecentralcomponent (thelist)
will occupy all remaining space.

The intermediate container, JPanel p1r, holds the text field, combo boxes, and their associated labels and is 
placedinpanelp1 whichismanaged byahorizontallyaligned BoxLayout.Thep1r panelissurrounded by
anEmptyBorder to provide typical surrounding white space. 

Thisexampleoffersthreevariantsofmanaging p1r anditssixchildcomponents.Thefirstvariantusesa3x2
GridLayout.Thisplaceslabelsand boxesin two columnsoppositeoneanother.Since thispanelresidesin
thenorth region ofthe BorderLayout,itreceivesitsnatural(preferable)height.In thehorizontaldirection
thislayoutworkssatisfactory:itresizesboxesand labelsto occupy allavailable space.The only remaining
problem is thatGridLayout assignstoomuchspacetothelabels(seefigure4.13).W edonotneedtomake
labelsequalin size to theircorresponding inputboxes.W e need only allow them to occupy theirpreferred
width.

The second variantuses two vertical BoxLayouts so one can hold labels and the other can hold the
correspondingtextfieldandcomboboxes.Ifyoutryrecompilingandrunningthecodewiththisvariantyou'll
find thatthe labelsnow occupy only theirnecessary width,and the boxesoccupy allremaining space (see
figure4.14).Thisisgood,butanotherproblem arises:now thelabelsarealigned exactly oppositewith their
corresponding components. Instead, they are shifted in the vertical direction!

The third variantoffers the bestsolution.Itplaces the labels and theircorresponding components in two
columns,butuses3x1 GridLayouts instead ofBoxLayouts.This places allcomponents evenly in the
vertical direction. To provide only theminimum widthtothelabels(thefirstcolumn)andassignall remaining
space to the boxes(the second column)we place these two containers into anotherintermediate container
managed by a BorderLayout:labelsin thewest,and corresponding componentsin thecenter.Thissolves
ourproblem (seefigure4.15).Theonly downsideto thissolution isthatitrequirestheconstruction ofthree
intermediate containerswith differentlayouts.In the nextsection we’llshow how to build a custom layout
manager that simplifies this relatively common layout task.
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Now let'sreturn to theremaining components.A group ofJRadioButtons seemsto bethesimplestpartof
our design. They're placed into an intermediate container, JPanel p3, with a TitledBorder containing the 
required title:"Options".A vertical BoxLayout is used to place these components in a column and a
ButtonGroup isused to coordinatetheirselection.Thiscontaineristhen added to panelp1 (managed by a
horizontalBoxLayout) to sit on the eastern side of panel p1r.

TheJList componentisadded to a JScrollPane to providescrolling capabilities.Itisthen placed in an
intermediate container, JPanel p2, with a TitledBorder containing the required title "Available Flights".

Note:W edo notwantto assign aTitledBorder to theJScrollPane itselfbecausethiswould substituteits
naturalborder,resulting in a quite awkward scrollpane view.So we nestthe JScrollPane in its own
JPanel with a TitledBorder.

Sincethelistgrowsandshrinkswhentheframeisresizedandthegroupofradiobuttons(residingtotheright
of the list) mustoccupy only the necessary width,itonly makes sense to placed itin the center of the
BorderLayout.W e can then use the south region for the three remaining buttons.

Since allthree buttonsmustbe equalin size,they're added to a JPanel, p4c,with a 1x3 GridLayout.
However, this GridLayout will occupy all available width (fortunately it's limited in the vertical direction by
parentBorderLayout).Thisisnotexactly thebehaviorwearelooking for.To resolvethisproblem weuse
another intermediate container, JPanel p4, with a FlowLayout. Thissizestheonlyaddedcomponent,p4c,
based on its preferred size and centers it both vertically and horizontally.

Running the Code

Figure 4.13, 4.14, and 4.15 show the resulting placement of our components in the parent frame using the first, 
second,and third variantsdescribed above.Note thatvariant 3’splacementsatisfiesourspecification.Note
also that components are resized as expected when the frame container is resized. 

W hen the frame is stretched in the horizontaldirection,the textfield,combo boxes,and listcomponent
consumeadditionalspace,and thebuttonsatthebottom areshifted to thecenter.W hen theframeisstretched
in theverticaldirection,thelistcomponentand thepanelcontaining theradio buttonsconsumealladditional
space and all other components remain unchanged.

UI Guideline : Harnessing the Power of Java Layouts 

Layout managers are powerful but awkward to use. In order to maximize the effectiveness of the visual
communication wemustmakeextraeffortwith thecode.M aking abad choiceoflayoutormaking sloppyuse
of default settings may lead to designs which look poor or communicate badly.

In thisexample,we have shown three alternative designsforthe same basic specification.Each exhibitprosand
consand highlightthedesign trade-offswhich can bemade,reflecting theprincipleswhich werediscussed in
chapter 2.

A sense of balance.

Thisoccurswhen thereissufficientwhitespaceused to balancethesizeofthecomponents.An unbalanced panel
can be fixed by bordering the components with a compound border including an empty border.

A sense of scale

Balance can be further affected by the extraordinary sizeofsomecomponentssuchasthecomboboxesshowninFig
4.14.Thecombo boxesarebittoo big forthepurposeintended.Thisaffectsthesenseofscaleaswellasthe
balance ofthe design.Itsimportantto size comboboxesappropriately.Layoutmanagershave a tendency to
stretch components to be larger than might be desirable.
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4.5 Custom layout manager: part I -Label/field pairs
Thisexample isintended to familiarize you with developing custom layouts.You may find thisknowledge
usefulin caseswherethetraditionallayoutsarenotsatisfactory oraretoo complex.In developing largescale
applicationsitisoftenmoreconvenienttobuildcustom layouts,suchastheonewedevelophere,tohelpwith
specifictasks.Thisoften providesincreased consistency,and may saveasignificantamount ofcoding in the
long run.

The example in the previous section highlighted a problem:whatis the bestway to lay outinputfield
components(e.g.textfields,combo boxes,etc.)and theircorresponding labels? W ehaveseen thatitcan be
done using a combination ofseveralintermediate containers and layouts.This section shows how we can
simplify theprocessby using a custom -builtlayoutmanager.The goalisto constructa layoutmanagerthat
knows how tolayoutlabelsandtheirassociatedinputfields intwocolumns,allocatingtheminimum required
space to the column containing the labels, and using the remainder for the column containing the input fields.

Firstwe need to clearly state ourdesign goals forthis layoutmanager,which we willappropriately call
DialogLayout.Itisalwaysa good idea to reserve plenty oftime forthinking aboutyourdesign.W ell-
defineddesignspecificationscansaveyoutremendousamountsoftimeinthelongrun,andcanhelppinpoint
flaws and oversights before they arise in the code. (W e strongly recommend that adopting a design
specification stage become part of your development regimin.)

DialogLayout specification:

1. This layout manager will be applied to a container that has all the necessary components added to it inthe

following order:label1,field1,label2,field2,etc.(Notethatwhen componentsareadded to a

containerthey aretracked in alist.Ifno index isspecified when acomponentisadded to acontainerit

willbeaddedtotheendofthelistusing thenextavailableindex. Asusualthisindexingstartsfrom 0.A

componentcan be retreived by index using the getComponent(int index) m ethod.)Ifthe labels

and fieldsareadded correctly,alleven numbered componentsin thecontainerwillcorrespond to labels,

and all odd numbered components will correspond to input fields.

2. The components must be placed in pairs forming two vertical columns.

3.Components making up each pairmustbe placed opposite one another(i.e. label1 field1).Each

pair’slabelandfieldmustreceivethesamepreferableheight,whichshouldbethepreferredheightofthe

field.

4.Eachleftcomponent(labels)mustreceivethesamewidth.Thiswidthshouldbethemaximum preferable

width of all left components.

5.Each rightcomponent(inputfields)mustalso receivethesamewidth.Thiswidth should occupy allthe

remaining space left over from that taken by the left components column.

Thecodebelow introducesourcustom DialogLayout classwhich satisfiestheabovedesign specification.
Thisclassisplaced in itsown packagenamed dl.Thecodeused to constructtheGUIisalsmotidenticalto
that of the previous example. However, we now revert back to variant 1 and use an instance of
DialogLayout instead of a GridLayout to manage the p1r JPanel.
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Figure 4.16 Using DialogLayout- custom  layout m anager part I

<<file figure4-16.gif>>

The Code: FlightReservation.java
see\Chapter4\4

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

import dl.*;

public class FlightReservation extends JFrame 
{
  public FlightReservation() {
    super("Flight Reservation Dialog [Custom Layout]");

    // Unchanged code from section 4.4

    // Variant 1
    JPanel p1r = new JPanel();
    p1r.setBorder(new EmptyBorder(10, 10, 10, 10));
    p1r.setLayout(new DialogLayout(20, 5));

    p1r.add(new JLabel("Date:"));
    p1r.add(new JTextField());

    p1r.add(new JLabel("From:"));
    JComboBox cb1 = new JComboBox();
    cb1.addItem("New York");
    p1r.add(cb1);

    p1r.add(new JLabel("To:"));
    JComboBox cb2 = new JComboBox();
    cb2.addItem("London");
    p1r.add(cb2);
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    p1.add(p1r);
    getContentPane().add(p1, BorderLayout.NORTH);
    // end Variant 1

// All remaining code unchanged from section 4.4

DialogLayout.java
see\Chapter4\4\dl

package dl;

import java.awt.*;
import java.util.*;

public class DialogLayout implements LayoutManager 
{
  protected int m_divider = -1;
  protected int m_hGap = 10;
  protected int m_vGap = 5;

  public DialogLayout() {}

  public DialogLayout(int hGap, int vGap) {
    m_hGap = hGap;
    m_vGap = vGap;
  }

  public void addLayoutComponent(String name, Component comp) {}

  public void removeLayoutComponent(Component comp) {}

  public Dimension preferredLayoutSize(Container parent) {
    int divider = getDivider(parent);

    int w = 0;
    int h = 0;
    for (int k=1 ; k<parent.getComponentCount(); k+=2) {
      Component comp = parent.getComponent(k);
      Dimension d = comp.getPreferredSize();
      w = Math.max(w, d.width);
      h += d.height + m_vGap;
    }
    h -= m_vGap;

    Insets insets = parent.getInsets();
    return new Dimension(divider+w+insets.left+insets.right, 
      h+insets.top+insets.bottom);
 }

  public Dimension minimumLayoutSize(Container parent) {
    return preferredLayoutSize(parent);
  }

  public void layoutContainer(Container parent) {
    int divider = getDivider(parent);

    Insets insets = parent.getInsets();
    int w = parent.getWidth() - insets.left 

- insets.right - divider;
    int x = insets.left;
    int y = insets.top;
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    for (int k=1 ; k<parent.getComponentCount(); k+=2) {
      Component comp1 = parent.getComponent(k-1);
      Component comp2 = parent.getComponent(k);
      Dimension d = comp2.getPreferredSize();

      comp1.setBounds(x, y, divider-m_hGap, d.height);
      comp2.setBounds(x+divider, y, w, d.height);
      y += d.height + m_vGap;
    }
  }

  public int getHGap() { return m_hGap; }

  public int getVGap() { return m_vGap; }

  public void setDivider(int divider) {
    if (divider > 0)
      m_divider = divider;
  }

  public int getDivider() { return m_divider; }

  protected int getDivider(Container parent) {
    if (m_divider > 0)
      return m_divider;

    int divider = 0;
    for (int k=0 ; k<parent.getComponentCount(); k+=2) {
      Component comp = parent.getComponent(k);
      Dimension d = comp.getPreferredSize();
      divider = Math.max(divider, d.width);
    }

 divider += m_hGap;
    return divider;
  }

  public String toString() {
    return getClass().getName() + "[hgap=" + m_hGap + ",vgap="
      + m_vGap + ",divider=" + m_divider + "]";
  }
}

Understanding the Code

Class FlightReservation

This class now im portspackagedl andsetsthatlayoutforJPanel p1r (whichcontainsthelabelsandinput
fields). Package dl contains our custom layout,DialogLayout.

Class DialogLayout

ThisclassimplementstheLayoutManager interfaceto serveasourcustom layoutmanager.Threeinstance
variables are needed:

int m_divider: width of the left components. This can be calculated or set to some mandatory value.

int m_hGap: horizontal gap between components.

int m_vGap: vertical gap between components.

Two constructors are available to create a DialogLayout: a no-argument default constructor and a
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constructorwhich takes horizontaland verticalgap sizes as parameters.The restofthe code implements
methods from the LayoutManager interface. 

M ethods addLayoutComponent() and removeLayoutComponent() are not used in this class and
receiveempty implementations.W edo notsupportan internalcollection ofthe componentsto be managed.
Rather, we refer to these component directly from the container which is being managed.

ThepurposeofthepreferredLayoutSize() m ethod isto return thepreferablecontainersizerequired to
lay out thecomponentsinthegivencontaineraccordingtotherulesusedinthislayout.Inourimplementation
we firstdetermine the divider size (the width ofthe firstcolumn plus the horizontalgap,m_hGap)by
calling the getDivider() custom method. 

        int divider = getDivider(parent);

If no positive divider size has been specified using the setDivider() m ethod (see below), the
getDivider() m ethod looksateachevenindexedcomponentinthecontainer(thisshouldbeallthelabels
ifthe componentswere added to the containerin the correctorder)and returnsthe largestpreferred width
found plus the horizontal gap value, m_hGap (which defaults to 10 if the default constructor is used):

    if (m_divider > 0)
      return m_divider;

    int divider = 0;
    for (int k=0 ; k<parent.getComponentCount(); k+=2) {
      Component comp = parent.getComponent(k);
      Dimension d = comp.getPreferredSize();
      divider = Math.max(divider, d.width);
    }
    divider += m_hGap;
    return divider;

Now,back to the preferredLayoutSize() m ethod.Once getDivider returns we then examine all
componentsinthecontainerwithoddindices(thisshould beallthe inputfields)and determinethemaximum
width,w.Thisisfound by checking the preferred width ofeach inputfield.W hile we are determining this
maximum width,we are also continuing to accumulate the height,h,ofthe whole inputfields column by
summing each field’spreferred height(notforgetting to add theverticalgap size,m_vGap,each time;notice
thatm_vGap is subtracted from the heightatthe end because there is no verticalgap forthe lastfield).
(Remember that m_vGap defaults to 5 if the the default constructor is used.)

    int w = 0;
    int h = 0;
    for (int k=1 ; k<parent.getComponentCount(); k+=2) {
      Component comp = parent.getComponent(k);
      Dimension d = comp.getPreferredSize();
      w = Math.max(w, d.width);
      h += d.height + m_vGap;
    }
    h -= m_vGap;

So atthispointwe have determined the width ofthe labelscolumn (including the space between columns),
divider,and thepreferred hieght,h,and width,w,oftheinputfieldscolumn.So divider+w givesusthe
preferred width ofthecontainer,and h givesusthetotalpreferred height.Notforgetting to takeinto account
anyInsets that might have been applied to the container, we can now return the correct preferred size:

    Insets insets = parent.getInsets();
    return new Dimension(divider+w+insets.left+insets.right, 
      h+insets.top+insets.bottom);
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The purpose ofthe minimumLayoutSize() m ethod isto return the minimum size required to lay outthe
components in the given container according to the rules used in this layout. W e return
preferredLayoutSize() in thismethod,becausewechosenotto makeadistinction between minimum
and preferable sizes (to avoid over-complication).

layoutContainer() isthemostimportantmethod in any layoutmanager.Thismethod isresponsiblefor
actually assigning thebounds(position and size)forthecomponentsin thecontainerbeing managed.Firstit
determinesthe size ofthe divider (asdiscussed above),which representsthe width ofthe labelscolumn
plus an additionalm_hGap.From this itdetermines the width,w,ofthe fields column by subtracting the
container's left and right insets and divider from the width of the whole container:

    int divider = getDivider(parent);

    Insets insets = parent.getInsets();
    int w = parent.getWidth() - insets.left 

- insets.right - divider;
    int x = insets.left;
    int y = insets.top;

Now allpairsofcomponentsareexamined in turn.Each leftcomponentreceivesawidth equalto divider-
m_hGap,and allrightcomponentsreceiveawidth ofw.Both leftand rightcomponentsreceivethepreferred
height of the right component (which should be the input field). 

Coordinatesoftheleftcomponentsareassigned starting with thecontainer’sInsets,x and y.Noticethaty
is continually incremented based on the preferred heightof each rightcomponentplus the verticalgap,
m_vGap.Therightcomponentsareassigned a y-coordinateidenticalto theirleftcomponentcounterpart,and
an x-coordinate of x+divider (remember that divider includes the horizontal gap, m_hGap):

    for (int k=1 ; k<parent.getComponentCount(); k+=2) {
      Component comp1 = parent.getComponent(k-1);
      Component comp2 = parent.getComponent(k);
      Dimension d = comp2.getPreferredSize();

      comp1.setBounds(x, y, divider-m_hGap, d.height);
      comp2.setBounds(x+divider, y, w, d.height);
      y += d.height + m_vGap;
    }

M ethod setDivider() allows us to manually setthe size ofthe leftcolumn.The int value passed as
parameter gets stored in the m_divider instance variable.W henever m_divider is greater than 0 the
calculations of divider size are overriddeninthe getDivider() m ethodandthisvalueisreturnedinstead.

The toString m ethod providestypicalclassname and instance variable information.(Itisalwaysa good
ideato implementinformative toString() m ethodsforeach class.Although wedon’tconsistently do this
throughout this text, we feel that production code should always include this functionality.)

Running the Code

Atthispointyoucancompileandexecutethisexample.Figure4.16showsthesampleinterfaceintroduced in
theprevioussection now using DialogLayout to managethelayoutoftheinputfields(textfield and two
combo boxes) and their corresponding labels. Note that the labels occupy only their preferred space and do not 
resizewhen theframeresizes.Thegap between labelsand boxescan bemanaged easily by manually setting
thedivider size with the setDivider() method (discussed above). The input fields form the right column 
and occupy all remaining space. 
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Using DialogLayout,allthatisrequired isadding thelabelsand inputfieldsin thecorrectorder.W ecan
now use this layout manager each time we encounter label/input field pairs without worrying about
intermediate containers.In the nextsection we build upon DialogLayout to create an even more general
layout manager that can be used to create complete dialog interfaces very easily.

UIGuideline:Alignm entacrosscontrolsaswellaswithin ItisacommonmistakeinUIDesigntoachievegood
alignment with a control or component but fail to achieve this across a whole screen,panel or dialog.
Unfortunately,the architecture of Swing lends itself to this problem.For example,if you have 4 custom
componentswhich inheritfrom a JPanel,each hasitsown LayoutM anagerand each isfunctionalin itsown
right.Thenyou wish to build acompositecomponentwhich requiresallfour.So you createanew Component
with a Grid Layout for example, then add each of your 4 components in turn.
Theresultcan beverymessy.Thefieldswithin each componentwillalign e.g.3 radio buttons,butthoseradio
buttonswillnotalign with say 3 TextFieldsin the nextcomponent.W hy not? The answeris simple.W ith
Swing,there is no way for the layoutmanager within each componentto negotiate with the others.So
alignmentcannotbeachieved acrossthecomponents.Theanswerto thisproblem isthatyou mustflatten out
the design into a single panel, as DialogLayout achieves.

4.6 Custom layout manager: part II - Common interfaces
In section 4.4 wesaw how to chooseintermediatecontainersand appropriatelayoutsforplacing components
according to a given specification. This required the use of several interm ediate containers and several variants 
were developed in a search for the best solution.This raises the question: can we somehow just add
componentsoneafteranothertoacontainerwhichisintelligentenoughtolaythem outaswewould typically
expect? The answer is yes, to a certain extent.

In practice the contents of many Java frames and dialogs are constructed using a scheme similar to the
following(werealizethatthisisabiggeneralization,butyouwillseethesesituationsariseinmanyexamples
throughout this text):

1. Groups (or panels) of controls are laid out in the vertical direction.

2.Labels and theircorresponding inputfields form two-column structures as described in the previous

section.

3.Largecomponents(e.g.lists,tables,textareas,trees,etc.)areusually placed in scrollpanesand occupy

all space in the horizontal direction.

4. Groups of buttons, including check boxes and radio buttons, are centered in an intermediate container and 

laid outin the horizontaldirection. (In this example we purposefully avoid the verticalplacementof

buttons for simplicity.)

The example in thissection showshow to build a layoutmanagerthatplacescomponentsaccording to this
specification.Itspurpose isto furtherdemonstrate thatlayoutmanagerscan be builtto define template-like
pluggablecontainers.Byadheringtointelligentlydesignedspecifications,suchtemplatescan bedeveloped to
help maximize code reuse and increase productivity.Additionally,in the case oflarge-scale applications,
severaldifferentinterface designersmay considersharing customized layoutmanagersto enforce interface
consistency.

The code below introduces our new custom layout manager, DialogLayout2, which builds upon
DialogLayout. To provide boundaries between control groupings, we construct a new component,
DialogSeparator.DialogSeparator is simplyalabelcontainingtextandahorizontalbarthatisdrawn
across the container.Both DialogLayout2 and DialogSeparator are added to our dl package.The
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FlightReservation classnow showshow to constructthe sample airline ticketreservation interface we
have been working with since section 4.4 using DialogLayout2 and DialogSeparator.In order to
comply with our new layout scheme we are forced to place the radio buttons in a row above the list component. 
The main thingsto note are thatthe code involved to build thisinterface isdone with little regard forthe
existence of a layout manager, and absolutely no intermediate containers are need to be created!

Note:Constructing custom layoutmanagersforuse in a single application isnotrecommended.Only build them
when you know thatthey willbereused again and again to perform common layouttasks.In general,custom
layoutmanagerclassesbelong within custom packagesorembedded asinnerclassesin custom components.
They normally do not belong being defined in applications themselves.

Figure 4.17 Using DialogLayout2 custom  layout m anager.

<<file figure4-17.gif>>

The Code: FlightReservation.java
see\Chapter4\5

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

import dl.*;

public class FlightReservation extends JFrame 
{
  public FlightReservation() {
    super("Flight Reservation Dialog [Custom Layout - 2]");

    Container c = getContentPane();
    c.setLayout(new DialogLayout2(20, 5));
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    c.add(new JLabel("Date:"));
    c.add(new JTextField());

    c.add(new JLabel("From:"));
    JComboBox cb1 = new JComboBox();
    cb1.addItem("New York");
    c.add(cb1);

    c.add(new JLabel("To:"));
    JComboBox cb2 = new JComboBox();
    cb2.addItem("London");
    c.add(cb2);

    c.add(new DialogSeparator("Available Flights"));
    JList list = new JList();
    JScrollPane ps = new JScrollPane(list);
    c.add(ps);

    c.add(new DialogSeparator("Options"));

    ButtonGroup group = new ButtonGroup();
    JRadioButton r1 = new JRadioButton("First class");
    group.add(r1);
    c.add(r1);

    JRadioButton r2 = new JRadioButton("Business");
    group.add(r2);
    c.add(r2);

    JRadioButton r3 = new JRadioButton("Coach");
    group.add(r3);
    c.add(r3);

    c.add(new DialogSeparator());

    JButton b1 = new JButton("Search");
    c.add(b1);

    JButton b2 = new JButton("Purchase");
    c.add(b2);

    JButton b3 = new JButton("Exit");
    c.add(b3);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  public static void main(String argv[]) {
    new FlightReservation();
  }
}

The Code: DialogLayout2.java
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see\Chapter4\5\dl

package dl;

import java.awt.*;
import java.util.*;

import javax.swing.*;

public class DialogLayout2 implements LayoutManager 
{
  protected static final int COMP_TWO_COL = 0;
  protected static final int COMP_BIG = 1;
  protected static final int COMP_BUTTON = 2;

  protected int m_divider = -1;
  protected int m_hGap = 10;
  protected int m_vGap = 5;
  protected Vector m_v = new Vector();

  public DialogLayout2() {}

  public DialogLayout2(int hGap, int vGap) {
    m_hGap = hGap;
    m_vGap = vGap;
  }

  public void addLayoutComponent(String name, Component comp) {}

  public void removeLayoutComponent(Component comp) {}

  public Dimension preferredLayoutSize(Container parent) {
    m_v.removeAllElements();
    int w = 0;
    int h = 0;

    int type = -1;
    for (int k=0 ; k<parent.getComponentCount(); k++) {
      Component comp = parent.getComponent(k);
      int newType = getLayoutType(comp);
      if (k == 0)
        type = newType;

      if (type != newType) {
        Dimension d = preferredLayoutSize(m_v, type);
        w = Math.max(w, d.width);
        h += d.height + m_vGap;
        m_v.removeAllElements();
        type = newType;
      }

      m_v.addElement(comp);
    }

    Dimension d = preferredLayoutSize(m_v, type);
    w = Math.max(w, d.width);
    h += d.height + m_vGap;

    h -= m_vGap;

    Insets insets = parent.getInsets();
    return new Dimension(w+insets.left+insets.right, 
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      h+insets.top+insets.bottom);
  }

  protected Dimension preferredLayoutSize(Vector v, int type) {
    int w = 0;
    int h = 0;
    switch (type) 
   {
      case COMP_TWO_COL:
        int divider = getDivider(v);
        for (int k=1 ; k<v.size(); k+=2) {
          Component comp = (Component)v.elementAt(k);
          Dimension d = comp.getPreferredSize();
          w = Math.max(w, d.width);

   h += d.height + m_vGap;
        }
        h -= m_vGap;
        return new Dimension(divider+w, h);
      case COMP_BIG:
        for (int k=0 ; k<v.size(); k++) {
          Component comp = (Component)v.elementAt(k);
          Dimension d = comp.getPreferredSize();
          w = Math.max(w, d.width);
          h += d.height + m_vGap;
        }
        h -= m_vGap;
        return new Dimension(w, h);
      case COMP_BUTTON:
        Dimension d = getMaxDimension(v);
        w = d.width + m_hGap;
        h = d.height;
        return new Dimension(w*v.size()-m_hGap, h);
    }
    throw new IllegalArgumentException("Illegal type "+type);
  }

  public Dimension minimumLayoutSize(Container parent) {
    return preferredLayoutSize(parent);
  }

  public void layoutContainer(Container parent) {
    m_v.removeAllElements();
    int type = -1;
    Insets insets = parent.getInsets();
    int w = parent.getWidth() - insets.left - insets.right;
    int x = insets.left;
    int y = insets.top;
    for (int k=0 ; k<parent.getComponentCount(); k++) {
      Component comp = parent.getComponent(k);
      int newType = getLayoutType(comp);
      if (k == 0)
        type = newType;
      if (type != newType) {
        y = layoutComponents(m_v, type, x, y, w);
        m_v.removeAllElements();
        type = newType;
      }
      m_v.addElement(comp);
    }
    y = layoutComponents(m_v, type, x, y, w);
    m_v.removeAllElements();
  }
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  protected int layoutComponents(Vector v, int type,
   int x, int y, int w) 
  {
    switch (type)
    {
      case COMP_TWO_COL:
        int divider = getDivider(v);
        for (int k=1 ; k<v.size(); k+=2) {
          Component comp1 = (Component)v.elementAt(k-1);
          Component comp2 = (Component)v.elementAt(k);
          Dimension d = comp2.getPreferredSize();
          comp1.setBounds(x, y, divider-m_hGap, d.height);
          comp2.setBounds(x+divider, y, w-divider, d.height);
          y += d.height + m_vGap;
        }
        return y;
      case COMP_BIG:
        for (int k=0 ; k<v.size(); k++) {
          Component comp = (Component)v.elementAt(k);
          Dimension d = comp.getPreferredSize();
          comp.setBounds(x, y, w, d.height);
          y += d.height + m_vGap;
        }
        return y;
      case COMP_BUTTON:
        Dimension d = getMaxDimension(v);
        int ww = d.width*v.size() + m_hGap*(v.size()-1);
        int xx = x + Math.max(0, (w - ww)/2);
        for (int k=0 ; k<v.size(); k++) {
          Component comp = (Component)v.elementAt(k);
          comp.setBounds(xx, y, d.width, d.height);
          xx += d.width + m_hGap;
        }
        return y + d.height;
    }
    throw new IllegalArgumentException("Illegal type "+type);
  }

  public int getHGap() { return m_hGap; }

  public int getVGap() { return m_vGap; }

  public void setDivider(int divider) {
    if (divider > 0)
      m_divider = divider;
  }

  public int getDivider() { return m_divider; }

  protected int getDivider(Vector v) {
    if (m_divider > 0)
      return m_divider;
    int divider = 0;
    for (int k=0 ; k<v.size(); k+=2) {
      Component comp = (Component)v.elementAt(k);
      Dimension d = comp.getPreferredSize();
      divider = Math.max(divider, d.width);
    }
    divider += m_hGap;
    return divider;
  }
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  protected Dimension getMaxDimension(Vector v) {
    int w = 0;
    int h = 0;
    for (int k=0 ; k<v.size(); k++) {
      Component comp = (Component)v.elementAt(k);
      Dimension d = comp.getPreferredSize();
      w = Math.max(w, d.width);
      h = Math.max(h, d.height);
  }

    return new Dimension(w, h);
  }

  protected int getLayoutType(Component comp) {
    if (comp instanceof AbstractButton)
      return COMP_BUTTON;
    else if (comp instanceof JPanel || 
     comp instanceof JScrollPane || 
     comp instanceof DialogSeparator)
      return COMP_BIG;
    else
      return COMP_TWO_COL;
  }

  public String toString() {
    return getClass().getName() + "[hgap=" + m_hGap + ",vgap=" 
      + m_vGap + ",divider=" + m_divider + "]";
  }
}

The Code: DialogSeparator.java
see\Chapter4\5\dl

package dl;

import java.awt.*;

import javax.swing.*;

public class DialogSeparator extends JLabel
{
  public static final int OFFSET = 15;

  public DialogSeparator() {}

  public DialogSeparator(String text) { super(text); }

  public Dimension getPreferredSize() {
    return new Dimension(getParent().getWidth(), 20);
  }
  public Dimension getMinimumSize() { return getPreferredSize(); }
  public Dimension getMaximumSize() { return getPreferredSize(); }

  public void paintComponent(Graphics g) {
    super.paintComponent(g);
    g.setColor(getBackground());
    g.fillRect(0, 0, getWidth(), getHeight());

    Dimension d = getSize();
    int y = (d.height-3)/2;
    g.setColor(Color.white);
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    g.drawLine(1, y, d.width-1, y);
    y++;
   g.drawLine(0, y, 1, y);
    g.setColor(Color.gray);
    g.drawLine(d.width-1, y, d.width, y);
    y++;
    g.drawLine(1, y, d.width-1, y);

    String text = getText();
    if (text.length()==0)
      return;

    g.setFont(getFont());
    FontMetrics fm = g.getFontMetrics();
    y = (d.height + fm.getAscent())/2;
    int l = fm.stringWidth(text);

    g.setColor(getBackground());
    g.fillRect(OFFSET-5, 0, OFFSET+l, d.height);

    g.setColor(getForeground());
    g.drawString(text, OFFSET, y);
  }
}

Understanding the Code

Class FlightReservation

Thisvariantofourairplaneticketreservation sampleapplication usesan instance of DialogLayout2 asa
layout for the whole content pane. Note that no other JPanels are used, and no other layouts are involved. All 
componentsareadded directlyto thecontentpaneand managed by thenew layout.Thisincredibly simplifies
the creation ofthe userinterface.Note,however,thatwe stillneed to add the label/inputfield pairsin the
correct order because DialogLayout2 manages these pairs identically to DialogLayout.

Note that instances of our DialogSeparator class are used to provide borders between groups of
components.

Class DialogLayout2

This class implements the LayoutManager interface to serve as a custom layoutmanager.Itbuilds on
featuresfrom DialogLayout tomanageallcomponentsinitsassociatedcontainer.Threeconstantsdeclared
at the top of the class correspond to the three types of components which are recognized by this layout:

int COMP_TWO_COL:textfields,comboboxes,and theirassociated labelswhich mustbe laid outin two

columns using a DialogLayout.

int COMP_BIG:widecomponents(instancesofJPanel,JScrollPane,orDialogSeparator)which

must occupy the maximum horizontal container space wherever they are placed.

int COMP_BUTTON:button components (instances of AbstractButton)which mustallbe given an

equal size, laid out in a single row, and centered in the container.

The instance variablesused in DialogLayout2 are the same asthose used in DialogLayout with one
addition: we declare Vector m_v to be used as a temporary collection of components.

Tolayoutcomponentsinagivencontainerweneedtodetermine,foreachcomponent,whichcategoryitfalls
under with regard to our DialogLayout2.COMP_XX constants. Allcomponentsofthesametype addedina
contiguous sequence must be processed according to the specific rules described above.
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M ethod preferredLayoutSize() steps through the list of components in a given container and
determinestheirtypewithourcustom getLayoutType() m ethod (seebelow)and storesitin the newType
localvariable.Localvariable type holdsthe type ofthe previouscomponentin the sequence.Forthe first
component in the container, type receives the same value as newType.

  public Dimension preferredLayoutSize(Container parent) {
    m_v.removeAllElements();
    int w = 0;
    int h = 0;

    int type = -1;
    for (int k=0 ; k<parent.getComponentCount(); k++) {
      Component comp = parent.getComponent(k);
      int newType = getLayoutType(comp);
      if (k == 0)
        type = newType;

If we find a break in the sequence of types this triggers a call to the overloaded
preferredLayoutSize(Vector v, int type) m ethod (discussed below) which determines the
preferred sizeforatemporary collection ofthecomponentsstored in the Vector m_v.Then w and h local
variables,which are accumulating the totalpreferred width and heightforthislayout,are adjusted,and the
temporary collection, m_v is cleared. The newly processed component is then added to m_v.

      if (type != newType) {
        Dimension d = preferredLayoutSize(m_v, type);
        w = Math.max(w, d.width);
        h += d.height + m_vGap;
        m_v.removeAllElements();
        type = newType;
      }

      m_v.addElement(comp);
    }

Onceourloop finisheswemaketheunconditionalcallto preferredLayoutSize() to take into account
thelast(unprocessed)sequenceofcomponentsand update h and w accordingly (justaswedid in theloop).
W ethen subtract the vertical gap value, m_vGap, from h because we know that we have just processed the last 
set of components and therefore there is no vertical gap necessary. Taking into account any Insets set on the 
container, we can now return the computed preferred size as a Dimension instance:

    Dimension d = preferredLayoutSize(m_v, type);
    w = Math.max(w, d.width);
    h += d.height + m_vGap;

    h -= m_vGap;

    Insets insets = parent.getInsets();
    return new Dimension(w+insets.left+insets.right,
      h+insets.top+insets.bottom);
  }

Theoverloadedmethod preferredLayoutSize(Vector v, int type) computesthepreferredsizeto
lay outacollection ofcomponentsofagiven type.Thissizeisaccumulated in w and h localvariables.Fora
collection oftypeCOMP_TWO_COL thismethodinvokesamechanism thatshouldbefamiliar(seesection4.5).
Fora collection oftype COMP_BIG thismethod adjuststhe preferable width and incrementsthe heightfor
each component, since these components will be placed in a column:

      case COMP_BIG:
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        for (int k=0 ; k<v.size(); k++) {
          Component comp = (Component)v.elementAt(k);
          Dimension d = comp.getPreferredSize();
          w = Math.max(w, d.width);
          h += d.height + m_vGap;
        }
        h -= m_vGap;
        return new Dimension(w, h);

Foracollection oftype COMP_BUTTON thismethod invokesourgetMaxDimension m ethod (seebelow)to
calculatethedesiredsizeofasinglecomponent.Sinceallcomponentsofthistypewillhaveanequalsizeand
becontained in onesinglerow,theresulting width forthiscollection iscalculated through multiplication by
the number of components, v.size():

      case COMP_BUTTON:
        Dimension d = getMaxDimension(v);
        w = d.width + m_hGap;
        h = d.height;
        return new Dimension(w*v.size()-m_hGap, h);

M ethod layoutContainer(Container parent) assigns bounds to the components in the given
container.(Rememberthatthisisthemethod thatactually performsthelayoutofitsassociated container.)It
processesan array ofcomponentssimilarto the preferredLayoutSize() m ethod.Firstitstepsthrough
the componentsin the given container,forms a temporarily collection from contiguous components ofthe
same type,and calls the overloaded layoutComponents(Vector v, int type, int x, int y,
int w) method to lay out that collection.

M ethod layoutContainer(Vector v, int type, int x, int y, int w) lays outcomponents
from the temporary collection ofa given type,starting from the given coordinates x and y,and using the
specified width, w, of the container. Itreturnsanadjusted y-coordinatewhichmaybeusedtolayoutanew set
of components.

Fora collection oftype COMP_TWO_COL thismethod laysoutcomponentsin two columns identicalto how
DialogLayout did this (see section 4.5). For a collection of typeCOMP_BIG the method assigns all available 
width to each component:

      case COMP_BIG:
        for (int k=0 ; k<v.size(); k++) {
          Component comp = (Component)v.elementAt(k);
          Dimension d = comp.getPreferredSize();
          comp.setBounds(x, y, w, d.height);
          y += d.height + m_vGap;
        }
        return y;

ForacollectionoftypeCOMP_BUTTON thismethod assignsan equalsizeto each componentand placesthem
in the center arranged horizontally:

      case COMP_BUTTON:
        Dimension d = getMaxDimension(v);
        int ww = d.width*v.size() + m_hGap*(v.size()-1);
        int xx = x + Math.max(0, (w - ww)/2);
        for (int k=0 ; k<v.size(); k++) {
          Component comp = (Component)v.elementAt(k);
          comp.setBounds(xx, y, d.width, d.height);
          xx += d.width + m_hGap;
        }
        return y + d.height;
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Notethatamoresophisticated implementation mightsplitasequenceofbuttonsup into severalrowsifnotenough
spaceisavailable.W edo notdo thathereto avoid over-complication.Thismightbean interesting exerciseto
giveyou more practice at customizing layout managers.

Theremainderofthe DialogLayout2 classcontainsmethodswhich wereeitherexplained already,orare
simple enough to be considered self-explanatory.

Class DialogSeparator

Thisclassimplementsacomponentusedtoseparatetwogroupsofcomponentsplacedinacolumn.Itextends
JLabel to inheritallitsdefaultcharacteristics(font,foreground,etc.).Two availableconstructorsallow the
creation of a DialogSeparator with or without a text label.

M ethodgetPreferredSize returns a fixed height, and a width equal to the width of the container. M ethods 
getMinimumSize() and getMaximumSize() simply delegate calls to the getPreferredSize()
m ethod.

The paintComponent() m ethod draws a separating bar with a raised appearance across the available
component space, and draws the titletext(ifany)attheleft-mostsidetakingintoaccountapre-definedoffset,
15.

Running the Code

Atthispointyoucancompileandexecutethisexample.Figure4.17showsoursampleapplicationwhichnow
usesDialogLayout2 to manage the layoutofallcomponents.You can see thatwe have the same setof
componentsplacedandsizedinaccordancewithourgenerallayoutschemepresented in thebeginning ofthis
section.The mostimportantthing to note is thatwe did nothave to use any intermediate containers and
layoutsto achieve this:allcomponentsare added directly to the frame’scontentpane which isintelligently
managed byDialogLayout2.

UI Guideline : Consistency of Button Placem ent

Itisimportantto beconsistentwith theplacementofbuttonsin Dialogsand Option Panes.In the example shown
here,a symmetricalapproach to button placementhas been adopted.This is a good safe choice.Itensures
balance.W ithDataEntryDialogsitisalso common to usean asymmetricallayoutsuch asBottom RHS ofthe
dialog.

Inadditiontoachievingbalancewiththelayout,bybeingconsistentwithyourplacementyouallow theUserto rely
on directionalmemory to find aspecific button location.DirectionalM emory isstrong.Once the Userlearns
whereyouhaveplacedbuttons,theywillquicklybeabletolocatethecorrectbuttoninmanydialogandoption
situations.Itistherefore,vitalthatyou placebuttonsin aconsistentordere.g.OK,Cancel,alwaysand never
Cancel, OK.

Asageneralrule,alwaysusesymmetricallayoutwith option dialogsand beconsistentwith whateveryou decideto
use for data entry dialogs.

Itmakessensetodevelopcustom componentssuchasJOKCancelButtonsand JYesNoButtons.You can then re-use
these componentsevery time you need a such a setof buttons.Thisencapsulatesthe placementand ensures
consistency.

4.7 Dynamic layout in a JavaBeans container
In thissection wewillusedifferentlayoutsto manageJavaBeansin asimplecontainerapplication.Thiswill
help us to further understand the role of layouts in dynamically managing containers with a variable number of 
components.Thisexamplealso setsup theframework forapowerfulbean editorenvironmentdeveloped in
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chapter18using JTables.Byallowingmodificationofcomponentproperties w ecanusethisenvironmentto
experiment with preferred, maximum, and minimum sizes, and observe the behaviordifferentlayoutmanagers
exibitin varioussituations.Thisprovidesuswith theability to learn much moreabouteach layoutmanager,
and allows us to prototype simple interfaces without actually implementing them.

Thisexampleconsistsofaframecontainerthatallowsthecreation,loading,and saving ofJavaBeansusing
serialization.Beanscan beadded and removed from thiscontainerand weimplementafocusmechanism to
visually identify the currently selected bean.M ostimportantly,the layoutmanagerofthiscontainercan be
changedatrun-time.(You maywantto review theJavaBeansmaterialin chapter2 beforeattempting to work
through this example.)

Figure 4.18 BeanContainer displaying 4 Clock com ponents using a Flow Layout

<<file figure4-18.gif>>

Figure 4.19 BeanContainer displaying 4 Clock com ponents using a GridLayout

<<file figure4-19.gif>>
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Figure 4.20 BeanContainer displaying 4 Clock com ponents using a horizontal BoxLayout

<<file figure4-20.gif>>

Figure 4.21 BeanContainer displaying 4 Clock com ponents using a vertical BoxLayout

<<file figure4-21.gif>>
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Figure 4.22 BeanContainer displaying 4 Clock com ponents using a DialogLayout

<<file figure4-22.gif>>

Figure 4.23 BeanContainer displaying button/input field pairs using DialogLayout

<<file figure4-23.gif>>
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Figure 4.24 BeanContainer displaying button/input field pairs using DialogLayout

<<file figure4-24.gif>>

The Code: BeanContainer.java
see\Chapter4\6

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.beans.*;
import java.lang.reflect.*;

import javax.swing.*;

import dl.*;

public class BeanContainer extends JFrame implements FocusListener
{
 protected File m_currentDir = new File(".");
  protected Component m_activeBean;
  protected String m_className = "clock.Clock";
  protected JFileChooser m_chooser = new JFileChooser();

  public BeanContainer() {
    super("Simple Bean Container");
    getContentPane().setLayout(new FlowLayout());

    setSize(300, 300);

    JPopupMenu.setDefaultLightWeightPopupEnabled(false);

    JMenuBar menuBar = createMenuBar();
    setJMenuBar(menuBar);

    WindowListener wndCloser = new WindowAdapter() {
 public void windowClosing(WindowEvent e) {

        System.exit(0);
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      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  protected JMenuBar createMenuBar() {
    JMenuBar menuBar = new JMenuBar();

    JMenu mFile = new JMenu("File");

    JMenuItem mItem = new JMenuItem("New...");
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        Thread newthread = new Thread() {
          public void run() {
            String result = (String)JOptionPane.showInputDialog(
              BeanContainer.this, 
              "Please enter class name to create a new bean", 
              "Input", JOptionPane.INFORMATION_MESSAGE, null, 
              null, m_className);
            repaint();
            if (result==null)
              return;
            try {
              m_className = result;
              Class cls = Class.forName(result);
              Object obj = cls.newInstance();
              if (obj instanceof Component) {

         m_activeBean = (Component)obj;
                m_activeBean.addFocusListener(
                  BeanContainer.this);
                m_activeBean.requestFocus();
                getContentPane().add(m_activeBean);
              }
              validate();
            }
            catch (Exception ex) {
              ex.printStackTrace();
              JOptionPane.showMessageDialog(
                BeanContainer.this, "Error: "+ex.toString(),
                "Warning", JOptionPane.WARNING_MESSAGE);
            }
          }
        };
        newthread.start();
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

    mItem = new JMenuItem("Load...");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        Thread newthread = new Thread() {
          public void run() {
            m_chooser.setCurrentDirectory(m_currentDir);
            m_chooser.setDialogTitle(
              "Please select file with serialized bean");
            int result = m_chooser.showOpenDialog(
              BeanContainer.this);
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            repaint();
            if (result != JFileChooser.APPROVE_OPTION)
              return;
            m_currentDir = m_chooser.getCurrentDirectory();
            File fChoosen = m_chooser.getSelectedFile();
            try {
              FileInputStream fStream = 
                new FileInputStream(fChoosen);
              ObjectInput  stream  =
                new ObjectInputStream(fStream);
              Object obj = stream.readObject();
              if (obj instanceof Component) {
                m_activeBean = (Component)obj;
                m_activeBean.addFocusListener(
                  BeanContainer.this);
                m_activeBean.requestFocus();
                getContentPane().add(m_activeBean);
              }
              stream.close();
              fStream.close();
              validate();
            }
            catch (Exception ex) {
              ex.printStackTrace();
              JOptionPane.showMessageDialog(
                BeanContainer.this, "Error: "+ex.toString(),
                "Warning", JOptionPane.WARNING_MESSAGE);
            }
            repaint();
          }
        };
        newthread.start();
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

    mItem = new JMenuItem("Save...");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        Thread newthread = new Thread() {
          public void run() {
            if (m_activeBean == null)
              return;
            m_chooser.setDialogTitle(
              "Please choose file to serialize bean");
            m_chooser.setCurrentDirectory(m_currentDir);
            int result = m_chooser.showSaveDialog(
              BeanContainer.this);
            repaint();
            if (result != JFileChooser.APPROVE_OPTION)
              return;
            m_currentDir = m_chooser.getCurrentDirectory();
            File fChoosen = m_chooser.getSelectedFile();
            try {
              FileOutputStream fStream = 
                new FileOutputStream(fChoosen);
              ObjectOutput stream  =
                new ObjectOutputStream(fStream);
              stream.writeObject(m_activeBean);
              stream.close();
              fStream.close();
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            }
            catch (Exception ex) {
              ex.printStackTrace();
            JOptionPane.showMessageDialog(
              BeanContainer.this, "Error: "+ex.toString(),
              "Warning", JOptionPane.WARNING_MESSAGE);
            }
          }
        };
        newthread.start();
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

    mFile.addSeparator();

    mItem = new JMenuItem("Exit");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        System.exit(0);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);
    menuBar.add(mFile);

    JMenu mEdit = new JMenu("Edit");

    mItem = new JMenuItem("Delete");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        if (m_activeBean == null)
          return;
        getContentPane().remove(m_activeBean);
        m_activeBean = null;
        validate();
        repaint();
      }
    };
    mItem.addActionListener(lst);
    mEdit.add(mItem);
    menuBar.add(mEdit);

    JMenu mLayout = new JMenu("Layout");
    ButtonGroup group = new ButtonGroup();

    mItem = new JRadioButtonMenuItem("FlowLayout");
    mItem.setSelected(true);
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e){
        getContentPane().setLayout(new FlowLayout());
        validate();
        repaint();
      }
    };
    mItem.addActionListener(lst);
    group.add(mItem);
    mLayout.add(mItem);

    mItem = new JRadioButtonMenuItem("GridLayout");
    lst = new ActionListener() { 
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      public void actionPerformed(ActionEvent e){
        int col = 3;
        int row = (int)Math.ceil(getContentPane().
          getComponentCount()/(double)col);
        getContentPane().setLayout(new GridLayout(row, col, 10, 10));
        validate();
        repaint();
      }
    };
    mItem.addActionListener(lst);
    group.add(mItem);
    mLayout.add(mItem);

    mItem = new JRadioButtonMenuItem("BoxLayout - X");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        getContentPane().setLayout(new BoxLayout(
          getContentPane(), BoxLayout.X_AXIS));
        validate();
        repaint();
      }
    };
    mItem.addActionListener(lst);
    group.add(mItem);
    mLayout.add(mItem);

    mItem = new JRadioButtonMenuItem("BoxLayout - Y");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        getContentPane().setLayout(new BoxLayout(

   getContentPane(), BoxLayout.Y_AXIS));
        validate();
        repaint();
      }
    };
    mItem.addActionListener(lst);
    group.add(mItem);
    mLayout.add(mItem);

    mItem = new JRadioButtonMenuItem("DialogLayout");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        getContentPane().setLayout(new DialogLayout());
        validate();
        repaint();
      }
    };
    mItem.addActionListener(lst);
    group.add(mItem);
    mLayout.add(mItem);

  menuBar.add(mLayout);

    return menuBar;
  }

  public void focusGained(FocusEvent e) {
    m_activeBean = e.getComponent();
    repaint();
  }

  public void focusLost(FocusEvent e) {}
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  // This is a heavyweight component so we override paint
  // instead of paintComponent. super.paint(g) will
  // paint all child components first, and then we 
  // simply draw over top of them.
  public void paint(Graphics g) {
    super.paint(g);

    if (m_activeBean == null)
      return;

    Point pt = getLocationOnScreen();
    Point pt1 = m_activeBean.getLocationOnScreen();
    int x = pt1.x - pt.x - 2;
    int y = pt1.y - pt.y - 2;
    int w = m_activeBean.getWidth() + 2;
    int h = m_activeBean.getHeight() + 2;

    g.setColor(Color.black);
    g.drawRect(x, y, w, h);
  }

  public static void main(String argv[]) {
    new BeanContainer();
  }
}

The Code: Clock.java
see \Chapter4\6\clock

package clock;

import java.applet.*;
import java.awt.*;
import java.awt.event.*;
import java.beans.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;

public class Clock extends JButton
 implements Customizer, Externalizable, Runnable
{
  protected PropertyChangeSupport m_helper;
  protected boolean  m_digital = false;
  protected Calendar m_calendar;
  protected Dimension m_preffSize;

  public Clock() {
    m_calendar = Calendar.getInstance();
    m_helper = new PropertyChangeSupport(this);

    Border br1 = new EtchedBorder(EtchedBorder.RAISED, 
      Color.white, new Color(128, 0, 0));
    Border br2 = new MatteBorder(4, 4, 4, 4, Color.red);
    setBorder(new CompoundBorder(br1, br2));

    setBackground(Color.white);
    setForeground(Color.black);
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    (new Thread(this)).start();
  }

  public void writeExternal(ObjectOutput out) throws IOException {
    out.writeBoolean(m_digital);
    out.writeObject(getBackground());
    out.writeObject(getForeground());
    out.writeObject(getPreferredSize());
  }

  public void readExternal(ObjectInput in) 
   throws IOException, ClassNotFoundException {
    setDigital(in.readBoolean());
    setBackground((Color)in.readObject());
    setForeground((Color)in.readObject());
    setPreferredSize((Dimension)in.readObject());
  }

  public Dimension getPreferredSize() {
    if (m_preffSize != null)
      return m_preffSize;
    else
      return new Dimension(50, 50);
  }

  public void setPreferredSize(Dimension preffSize) {
    m_preffSize = preffSize;
  }

  public Dimension getMinimumSize() {
    return getPreferredSize();
  }

  public Dimension getMaximumSize() {
    return getPreferredSize();
  }

  public void setDigital(boolean digital) {
    m_helper.firePropertyChange("digital",
      new Boolean(m_digital), 
      new Boolean(digital));
    m_digital = digital;
    repaint();
  }

  public boolean getDigital() { return m_digital; }

  public void addPropertyChangeListener(
   PropertyChangeListener lst) {
    if (m_helper != null)
      m_helper.addPropertyChangeListener(lst);
  }

  public void removePropertyChangeListener(
   PropertyChangeListener lst) {
    if (m_helper != null)
      m_helper.removePropertyChangeListener(lst);
  }

  public void setObject(Object bean) {}

  public void paintComponent(Graphics g) {
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    super.paintComponent(g);

    g.setColor(getBackground());
    g.fillRect(0, 0, getWidth(), getHeight());
    getBorder().paintBorder(this, g, 0, 0, getWidth(), getHeight());

    m_calendar.setTime(new Date());  // get current time
    int hrs = m_calendar.get(Calendar.HOUR_OF_DAY);
    int min = m_calendar.get(Calendar.MINUTE);

    g.setColor(getForeground());
    if (m_digital) {
      String time = ""+hrs+":"+min;
      g.setFont(getFont());
      FontMetrics fm = g.getFontMetrics();
      int y = (getHeight() + fm.getAscent())/2;
      int x = (getWidth() - fm.stringWidth(time))/2;
      g.drawString(time, x, y);
    }
    else {
      int x = getWidth()/2;
      int y = getHeight()/2;
      int rh = getHeight()/4;
      int rm = getHeight()/3;

      double ah = ((double)hrs+min/60.0)/6.0*Math.PI;
      double am = min/30.0*Math.PI;

      g.drawLine(x, y, (int)(x+rh*Math.sin(ah)), 
        (int)(y-rh*Math.cos(ah)));
      g.drawLine(x, y, (int)(x+rm*Math.sin(am)), 
        (int)(y-rm*Math.cos(am)));
    }

    g.setColor(colorRetainer);
  }

  public void run() {
   while (true) {
      repaint();
      try {
        Thread.sleep(30*1000);
      }
      catch(InterruptedException ex) { break; }
    }
  }
}

Understanding the Code

Class BeanContainer

ThisclassextendsJFrame toprovidetheframeforthisapplication.ItalsoimplementstheFocusListener
interface to manage focus transfer between beans in the container. This class declares four instance variables:

File m_currentDir: the most recent directory used to load and save beans.

Component m_activeBean: a bean component which currently has the focus.

String m_className: fully qualified class name of our custom Clock bean,

JFileChooser m_chooser: used for saving and loading beans.
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The only GUIprovided by the containeritselfisthe menu bar.The createMenuBar() method creates
the menu bar,itsitems,and theircorresponding action listeners.Three menus are added to the menu bar:
“File,” “Edit,” and “Layout.”

Note:Allcodecorrespondingto “New...,” “Load...,and “Save...” inthe“File” menuiswrappedinaseparatethread
to avoid unnecesary load on the event-dispatching thread. See chapter 2 for more about multithreading.

M enu item “New...” in the “File” menu displays an input dialog (using the
JOptionPane.showInputDialog() m ethod)to enterthe classname ofa new bean to be added to the
container.Onceanamehasbeen entered,theprogram attemptsto load thatclass,createanew classinstance
using adefaultconstructor,and add thatnew objectto thecontainer.Thenewly created componentrequests
the focusand receivesa this referenceto BeanContainer asa FocusListener.Note thatany caught
exceptions will be displayed in a message box.

M enu item “Load...” from the “File” menu displaysa JFileChooser dialog to selecta file containing a
previously serialized bean component.Ifthissucceeds,the program opensan inputstream on thisfile and
reads the first stored object. If this object is derived from the java.awt.Component class it is added to the 
container.Theloaded componentrequeststhefocus and receivesathis referenceto BeanContainer asa
FocusListener. Note that any caught exceptions will be displayed in a message box.

M enu item “Save...” from the “File” menu displaysa JFileChooser dialog to selecta file destination for
serializing the bean componentwhich currently hasthefocus.Ifthissucceeds,theprogram opensan output
stream on thatfileand writesthecurrently activecomponentto thatstream.Notethatany caughtexceptions
will be displayed in a message box.

M enu item “Exit” simply quits and closes the application with System.exit(0).

The “Edit” menu contains a single item titled “Delete” which removes the currently active bean from the
container:

      getContentPane().remove(m_activeBean);
      m_activeBean = null;

validate();
      repaint();

M enu "Layout" contains several JRadioButtonMenuItems m anaged with a ButtonGroup group.
These items are titled “FlowLayout,” “GridLayout,” “BoxLayout- X,” “BoxLayout- Y,” and “DialogLayout.”
Each item receivesan ActionListener which setsthe corresponding layoutmanagerofthe application
frame’s content pane, calls validate to lay out the container again, and the repaints it. For example:

      getContentPane().setLayout(new DialogLayout());
      validate();
      repaint();

M ethod focusGained stores a reference to the componentwhich currently has the focus into instance
variablem_activebean. M ethod paint() is implemented to draw a rectangle around the component which 
currently has the focus. It is important to note here the static JPopupMenu m ethod called in the
BeanContainer constructor:

      JPopupMenu.setDefaultLightWeightPopupEnabled(false);

This method forces allpopup menus (which menu bars use to display theircontents)to use heavyweight
popupsratherthan lightweightpopups.By defaultpopup menusarelightweightunlessthey cannotfitwithin
theirparentcontainer’sbounds.Thereason wedisablethisisbecauseourpaint() m ethod willrenderthe
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bean selection rectangle over top of the lightweight popups otherwise.

Class Clock

Thisclassisa sample bean clock componentwhich can be used in a bean containerjustasany otherbean.
This class extends the JButton component to inherit it's focus grabbing functionality.This class also
implements three interfaces:Customizer to handle property listeners,Externalizable to completely
manage its own serialization, and Runnable to be run by a thread. Four instance variables are declared:

PropertyChangeSupport m_helper: an object to manage PropertyChangeListeners.

boolean m_digital: a custom property for this componentwhichmanagesthedisplaystateoftheclock

(digital or arrow-based).

Calendar m_calendar: helper object to handle Java's time objects (instances of Date).

Dimension m_preffSize: a preferred size for this component which may be set using the

setPreferredSize method.

The constructorofthe Clock classcreatesthe helperobjectsand setsthe borderforthiscomponentasa
CompoundBorder containingan EtchedBorder andaMatteBorder imitatingtheborderof arealclock.
It then sets the background and foreground colors and starts a new Thread to run the clock.

M ethodwriteExternal() writesthecurrentstateofaClock objectintoan ObjectOutput stream.Four
properties are written: m_digital, Background, Foreground, and PreferredSize. M ethod
readExternal() readsthe previously saved state ofa Clock objectfrom an ObjectInput stream.It
reads these fourproperties and applies them to the objectpreviously created with the defaultconstructor.
These methodsare called from the “Save” and “Load” menu baraction listenercode in BeanContainer.
Specifically, they are called when writeObject and readObject are invoked.

Note:The serialization mechanism in Swing hasnotyetmatured.You can easily find thatboth lightweightand
heavyweightcomponentsthrow exceptionsduringtheprocessofserialization.Thisisthereasonweimplement
theExternalizable interfaceto takecompletecontrolovertheserialization oftheClock bean.Another
reason is thatthe defaultserialization mechanism tends to serialize a substantialamountof unnecessary
information, whereas our custom implementation stores only the necessities.

Therestofthisclassneed notbeexplained here,asitdoesnotrelatedirectly to thetopicofthis chapterand
represents a simple example of a bean component. If you're interested, take note of the paintComponent()
method which,depending on whethertheclock isin digitalmodeornot(determined by m_digital),either
computes the current position of the clock's arrows and draws them, or renders the time as a drawn String.

Running the Code

Thisapplication providesaframework forexperimenting with any availableJavaBeans,aswellaswith both
lightweight (Swing) and heavyweight (AW T) components: we can create, serialize, delete, and restore them. 

Note thatwe can apply severallayouts to manage these components dynamically.Figures 4.18-4.23 show
BeanContainer usingfivedifferentlayoutmanagerstoarrangefourClock beans.Tocreateabeanchoose
“New” from the “File” menu and typethefully qualifiesnameoftheclass.Forinstance,to createa Clock
you need to type“clock.Clock” in the input dialog. 

Once you’ve experimented with Clock beans try loading some Swing JavaBeans. Figure 4.24 shows
BeanDialog with two JButtons,and two JTextFields.They were created in the following order(and
thushave corresponding containerindices):JButton,JTextField,JButton,JTextField.Try doing
thisand rememberthatyou need to specify fully qualified classnamessuch as “javax.swing.JButton” when
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adding a new bean.Note thatthisordering adhere’sto ourDialogLayout label/inputfield pairsscheme,
exceptthathere we are using buttons in place of labels.So when we set BeanContainer’s layoutto
DialogLayout we know what to expect.

Note:You willnotice selection problems with components such as JComboBox,JSplitPane and JLabel
(which hasno selection mechanism).BecauseofJComboBox isactuallyacontainercontaining abutton,itis
impossibleto giveitthecurrentfocusafterithasbeen added toBeanContainer.A morecompleteversion
ofBeanContainer would take this into account and implement more robust focus requesting behavior.

Laterin thisbook,aftera discussion oftables,we add powerfulfunctionality to thisexample allowing the
manipulation of bean properties. It is highly suggested that you skip ahead for a moment and run this example: 
(see\Chapter18\8).

Startthechapter18 exampleand create JButton and JTextField beansexactly asyou did above.Select
DialogLayout from the “Layout” menu and then click on the top-mostJButton to give itthe focus.Now
select“Properties” from the “Edit” menu.A separateframewillpop up with a JTable containing allofthe
JButton’sproperties.Navigatetothe“label” propertyandchangeitto “Button 1” (bydoubleclickingonits
“Value” field).Now selectthecorresponding top-mostJTextField and changeits“preferredSize” property
to “4,40”. Figure 4.24 illustrates what you should see. 

By changing the preferred,maximum,and minimum sizes,as wellas othercomponentproperties,we can
directly examine the behaviordifferentlayoutmanagers impose on ourcontainer.Experimenting with this
example isa very convenientway to learn more abouthow the layoutmanagersbehave.Italso formsthe
foundation foran interfacedevelopmentenvironment(IDE),which manydevelopersuseto simplify interface
design.

Chapter 5. Labels and Buttons
In this chapter:

• Labels and buttons overview

• Custom buttons: part I - Transparent buttons

• Custom buttons: part II - Polygonal buttons

• Custom buttons: part III - Tooltip management

5.1 Labels and buttons overview

5.1.1 JLabel

class javax.swing.JLabel

JLabel is one ofthe simplestSwing components,and is mostoften used to identify othercomponents.

JLabel can display text,an icon,orboth in any combination ofpositions(notethattextwillalwaysoverlap

theicon).Thefollowing codecreatesfourdifferentJLabelsand placesthem in a GridLayout,and figure

5.1 illustrates.
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Figure 5.1 JLabel dem o

<<file figure5-1.gif>>

The Code: LabelDem o.java

see\Chapter5\6

import java.awt.*;
import javax.swing.*;

class LabelDemo extends JFrame
{
  public LabelDemo() {
    super("JLabel Demo");
    setSize(600, 100);

    JPanel content = (JPanel) getContentPane();
    content.setLayout(new GridLayout(1, 4, 4, 4));

    JLabel label = new JLabel();
    label.setText("JLabel");
    label.setBackground(Color.white);
    content.add(label);

    label = new JLabel("JLabel",
      SwingConstants.CENTER);
    label.setOpaque(true);
    label.setBackground(Color.white);
    content.add(label);

    label = new JLabel("JLabel");
    label.setFont(new Font("Helvetica", Font.BOLD, 18));
    label.setOpaque(true);
    label.setBackground(Color.white);
    content.add(label);

    ImageIcon image = new ImageIcon("flight.gif");
    label = new JLabel("JLabel", image,
      SwingConstants.RIGHT);
    label.setVerticalTextPosition(SwingConstants.TOP);
    label.setOpaque(true);
    label.setBackground(Color.white);
    content.add(label);

    setVisible(true);
  }

  public static void main(String args[]) {
     new LabelDemo();
  }
}

The first label is created with the default constructor and its text is setusingthe setText() m ethod.W ethen

set its background to white, but when we run this program the background of this label shows up as light gray!
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Thereasonthishappensisbecausewedidn’tforcethislabeltobeopaque.Inchapter2welearnedthatSwing

componentssupporttransparency,which m eansthatacomponentdoesnothavetopainteverypixelwithinits

bounds.So when a componentis notopaque itwillnotfillits background,and a JLabel (as with most

components) is non-opaque by default.

Also notethatwecan setthefontand foreground colorofaJLabel using JComponent’ssetFont() and

setForeground() m ethods.Refer back to chapter 2 for information aboutworking the the Font and

Color classes.

The default horizontal alignment of JLabel is LEFT if only text is used, and CENTER if an image or an image 

andtextareused.Animagewillappeartotheleftofthetextbydefault,and every JLabel isinitialized with

a centered vertical alignment. Each of these default behaviors can easily be adjusted as we will see below. 

5.1.2 Text Alignment

To specify alignment or position in many Swing components we make us of the

javax.swing.SwingConstants interface. This defines several constant strings, five of which are

applicable to JLabel’s text alignment settings:

  SwingConstants.LEFT
  SwingConstants.CENTER
  SwingConstants.RIGHT
  SwingConstants.TOP
  SwingConstants.BOTTOM

Alignment of both a label’s text and icon can be specified in the constructor or through the use of

setHorizontalAlignment() and setVerticalAlignment() m ethods.Thetext can bealigned both

vertically or horizontally,independentof the icon (textwilloverlap the icon when necessary) using the

setHorizontalTextAlignment() and setVerticalTextAlignment() m ethods.Figure 5.2 shows

wherea JLabel’stextwillbeplaced corresponding to each possiblecombination ofverticaland horizontal

text alignment settings.

Figure 5.2 JLabel text alignm ent

<<file figure5-2.gif>>

5.1.3 Icons and Icon Alignment

The simple example above included a labelwith an image ofan airplane by reading a GIF file in as an

ImageIcon and passing it to a JLabel constructor:
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    ImageIcon image = new ImageIcon("flight.gif");
    label = new JLabel("JLabel", image,
      SwingConstants.RIGHT);

An imagecan also besetorreplaced atany timeusing the setIcon() m ethod (passing null willremove

the current icon, if any). JLabel also supports a disabled icon for use when a label is in the disabled state. To 

assign a disabled icon we use the setDisabledIcon() method. 

Note:Animated GIFscan beused with ImageIcon’sand labelsjustasany staticGIF,and requireno additional
code.ImageIcon also supports JPGs.

5.1.4 GrayFilter

class javax.swing.GrayFilter

The GrayFilter classcan be used to create disabled imagesusing itsstatic createDisabledImage()

m ethod:

    ImageIcon disabledImage = new ImageIcon( 
      GrayFilter.createDisabledImage(image.getImage()));

Figure5.3showsthefourthlabelin LabelDemo now usingadisabledicongeneratedby GrayFilter.Note

thatJLabel only displays the disabled icon when it has been disabled using JComponent’ssetEnabled()

m ethod.

Figure 5.3 Dem onstrating a disabled icon using GrayFilter

<<file figure5-3.gif>>

5.1.5 The labelFor and the displayedM nemonic properties

JLabel m aintainsalabelFor propertyandadisplayedMnemonic property.Thedisplayedmnemonicis

a character that, when pressed in syncronization with ALT (e.g. ALT+R), will call JComponent’s

requestFocus() m ethod on the componentreferenced by the labelFor property.The firstinstance of

displayed mnem onic character(ifany)in a label’stextwillbe underlined.W e can accessthese properties

using typical get/set accessors (see API docs).

5.1.6 AbstractButton

abstract class javax.swing.AbstractButton

AbstractButton is the template class from which allbuttons are defined.This includes push buttons,

toggle buttons,check boxes,radio buttons,menu items,and menus themselves.Its directsubclasses are

JButton, JToggleButton, and JMenuItem. There are no subclasses of JButton in Swing.
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JToggleButton has two subclasses: JCheckBox,JRadioButton.JMenuItem has three subclasses:

JCheckBoxMenuItem,JRadioButtonMenuItem, and JMenu. The remainder of this chapter will focus on 

JButton and the JToggleButton family. (See chapter 12 for more about menus and menu items).

5.1.7 The ButtonM odel interface

abstract interface javax.swing.ButtonM odel

Each button class uses a model to store its state. W e can access any button’s model with the

AbstractButton getModel() and setModel() methods.The ButtonModel interfaceisthetemplate

interface from which all button models are defined. JButton uses the DefaultButtonModel

implementation. JToggleButton defines an inner class extension of DefaultButtonModel,

JToggleButton.ToggleButtonModel, which is used by itself, as well as both its subclasses.

The following boolean property values representthe state of a button,and have associated isXX() and

setXX() accessors in DefaultButtonModel:

selected: Switches state on each click (only relevant forJToggleButtons).

pressed: True when the button is held down with the mouse.

rollover: True when the mouse is hovering over the button.

armed:Thisstatestopseventsfrom being fired when wepressabutton with themouse,and then release

the mouse when its cursor is outside that button’s bounds.

enabled:Truewhen thebutton isactive.Noneoftheotherpropertiescan normally bechanged when this

is false.

A button’skeyboard mnemonicisalso stored in itsmodel,aswellasthe ButtonGroup itbelongsto,ifany.

(W e’lldiscusstheButtonGroup classwhilewediscussJToggleButtons,asitonly appliesto thisfamily

of buttons.)

5.1.8 JButton

class javax.swing.JButton

JButton isabasicpush-button,oneofthesimplestSwing components. A lmosteverything weknow about

JLabel also appliesto JButton.W ecan add images,specify textand imagealignment,setforeground and

background colors (remember to call setOpaque(true)), set fonts, etc. Additionally, we can add

ActionListeners, ChangeListeners, and ItemListeners to receive ActionEvents,

ChangeEvents,and ItemEventsrespectively when any propertiesin itsmodelchangevalue.W ewillsee

how to build a custom, non-rectangular subclass of JButton in the chapter examples.

In mostapplication dialogsweexpectto find abutton which initially hasthefocusand willcapturean Enter

key press, regardless of the current keyboard focus (unless focus is within a multi-line text component). This is 

referred to asthe defaultbutton.Any JRootPane containercan defineadefaultbutton using JRootPane’s

setDefaultButton() m ethod (passing null willdisablethisfeature).Forinstance,to makeabutton the

default button for a JFrame we would do the following:

    myJFrame.getRootPane().setDefaultButton(myButton);
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TheisDefaultButton() m ethod returnsaboolean valueindicating whetherornotthebutton instanceit

was called on is a default button for a JRootPane.

W e mostoften registeran ActionListener with a button to receive ActionEvents from thatbutton

whenever it is clicked (Note that if a button has the focus, pressing the space-bar will also fire an

ActionEvent).ActionEventscarry with them information abouttheeventthatoccurred including,most

importantly,whichcomponenttheycamefrom.(Notethatan ActionListener can beregistered to receive

events from any number of components. See chapter 2 for an overview of event handling.)

To createan ActionListener weneed to createaclassthatimplementsthe ActionListener interface,

which requires the definition of its actionPerformed() m ethod. Once we have built an

ActionListener we can register itwith a button using the JComponent‘s addActionListener()

m ethod.The following is a typicalinner class implementation.W hen an ActionEvent is intercepted,

“Swing is powerful!!” is printed to standard output.

  JButton myButton = new JButton();
  ActionListener act = new ActionListener() {
    public void actionPerformed(ActionEvent e) {
      System.out.println("Swing is powerful!!");
    }
  };
  myButton.addActionListener(act);

W e primarily use this method throughout this book to attach listeners to components.However,some

developersprefertoimplementtheActionListener interfacein theclassthat ownsthebutton instance.In

thecaseofclasseswithseveralregisteredcomponents,thisisnotasefficientasusing aseparatelistenerclass

and can require writing common code in severalplaces.Specifically,implementing ActionListener for

use with multiple event sources requires us to check the source of each ActionEvent (using

ActionEvent’sgetSource() method) before processing.

An icon can beassigned to a JButton instanceviatheconstructororwith the setIcon() m ethod.W ecan

optionally assign individualiconsforthenormal,selected,pressed,rollover,and disabled states.SeetheAPI

docs for more detail on the following methods:

  setDisabledSelectedIcon()
  setPressedIcon()
  setRolloverIcon()
  setRolloverSelectedIcon()
  setSelectedIcon()

A button can also bedisabled and enabled thesameway asa JLabel,using setEnabled().Aswewould

expect, a disabled button will not respond to any user actions.

A button’skeyboard mnemonicprovidesan alternativeway ofactivation.To add akeyboard mnemonicto a

button we use the setMnemonic() method:

  button.setMnemonic('R'); 

W e can then activate a button (equivalent to clicking it) by pressing ALT and its mnemonic key

simultaneously.(e.g.ALT+R)Thefirstappearanceoftheassigned mnemoniccharacter,ifany,in thebutton
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textwillbe underlined to indicate which key activatesit.There isno distinction made between upperand

lower case characters. Avoid duplicating mnemonics for components sharing a common ancestor.

5.1.9 JToggleButton

class javax.swing.JToggleButton

JToggleButton provides a selected state mechanism which extends to its children, JCheckBox and

JRadioButton,and corresponds to the selected property we discussed in section 5.2.W e can test

whetheratogglebutton isselected using AbstractButton’sisSelected() m ethod,and wecan setthis

property with its setSelected() method.

5.1.10 ButtonGroup

class javax.swing.ButtonGroup

JToggleButtons are often used in ButtonGroups. A ButtonGroup m anages a set of buttons by

guaranteeing that only one button within that group can be selected at any given time. Thus, only

JToggleButton and itssubclassesareusefulin a ButtonGroup (becauseaJButton doesnotmaintain a

selected state). The following code constructs three JToggleButtons and places them in a single

ButtonGroup.

Figure 5.4 JToggleButtons in a ButtonGroup

<<file figure5-4.gif>>

The Code: ToggleButtonDem o.java

see\Chapter5\6

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;

class ToggleButtonDemo extends JFrame
{
  public ToggleButtonDemo () {
    super("ToggleButton/ButtonGroup Demo");
    getContentPane().setLayout(new FlowLayout());

    JToggleButton button1 = new JToggleButton("Button 1",true);
    getContentPane().add(button1);
    JToggleButton button2 = new JToggleButton("Button 2",false);
    getContentPane().add(button2);
    JToggleButton button3 = new JToggleButton("Button 3",false);
    getContentPane().add(button3);

    ButtonGroup buttonGroup = new ButtonGroup();
    buttonGroup.add(button1);
    buttonGroup.add(button2);
    buttonGroup.add(button3);

    pack();
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    setVisible(true);
  }

  public static void main(String args[]) {
    new ToggleButtonDemo();
  }
}

5.1.11 JCheckBoxand JRadioButton

class javax.swing.JCheckBox, class javax.swing.JRadioButton 

JCheckBox and JRadioButton bothinheritallJToggleButton functionality.Infacttheonlysignificant

differencesbetween allthreecomponentsistheirUIdelegate views(i.e.how they arerendered).Both button

typesarenormally used to selectthemodeofaparticularapplication function.Figures5.5 and 5.6 show the

previous example running with JCheckBoxes and JRadioButtons as replacements for the

JToggleButtons.

Figure 5.5 JCheckBoxes in a ButtonGroup

<<file figure5-5.gif>>

Figure 5.6 JRadioButtons in a ButtonGroup

<<file figure5-6.gif>>

5.1.12 JToolTip& ToolTipM anager 

class javax.swing.JToolTip, class javax.swing.ToolTipM anager

A JToolTip isa small popup window designed to contain informative textabouta componentwhen the

mouse moves overit.W e don’tgenerally create instances ofthese components ourselves.Rather,we call

setToolTipText() on any JComponent subclassand passitadescriptive String.ThisString isthen

stored asaclientproperty within thatcomponent’sclientpropertiesHashtable,and thatcomponentisthen

registered with theToolTipManager (using ToolTipManager’sregisterComponent() m ethod).The

ToolTipManager adds a MouseListener to each component that registers with it. 

To unregister a componentwe can pass null to thatcomponent’s setToolTipText() m ethod.This

invokes ToolTipManager’s unregisterComponent() m ethod which removes its MouseListener

from that component. Figure 5.7 shows a JToggleButton with simple tooltip text.

Figure 5.7 JToggleButton w ith tooltip text

<<file figure5-7.gif>>

TheToolTipManager isaserviceclassthatmaintainsashared instanceregistered with AppContext (see

chapter 2). W e can access the ToolTipManager directly by calling its static sharedInstance() method:

  ToolTipManager toolTipManager = ToolTipManager.sharedInstance();
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Internally this class uses three non-repeating Timers with delay times defaulting to 750,500,and 4000.

ToolTipManager uses these Timer’s in coordination with mouse listeners to determine ifand when to

displayaJToolTip with acomponent’sspecified tooltip text.W hen themouseentersacomponentsbounds

ToolTipManager willdetectthisand wait750msuntildisplaying a JToolTip forthatcomponent.Thisis

referred to asthe initialdelay time.A JToolTip willstay visible for4000msoruntilwe move the mouse

outsideofthatcomponent’sbounds,whichevercomesfirst.Thisisreferred to asthe dismissdelaytime.The

500msTimer representsthe reshow delaytime which specifieshow soon the JToolTip wehavejustseen

will appear again when this component is re-entered. Each of these delay times can be set using

ToolTipManager’ssetDismissDelay(),setInitialDelay(), and setReshowDelay() methods. 

ToolTipManager isaveryniceserviceto haveimplemented forus,butitdoeshavesignificantlimitations.

W hen we constructourpolygonalbuttonsin section 5.6 below,we willfind thatitisnotrobustenough to

supportnon-rectangularcomponents.Itisalso thecasethatJToolTipsareonly designed to allow asingle

line of text. 

5.1.13 Labels and buttons with HTM L text

TheSwing 1.1.1 Beta1 release(February 1999)offersaparticularly interesting new feature(among several

bug fixes).Now wecan useHTM L textin JButton and JLabel components(aswellasfortooltip text).

W e don'thave to learn any new methodsto use thisfunctionality,and the UIdelegate handlesthe HTM L

rendering forus.Ifa button/label'stextstartswith <HTML>,Swing knowsto lightweightrenderthe textin

HTM L format.W ecan usenormalparagraph tags (<P>,</P>),linebreak tags (<BR>),etc.Forinstance,we

can assign a multiple-line tooltip to any component like so:

  myComponent.setToolTipText("<html>Multi-line tooltips<br>" +
    "are easy!");

The<br> tag specifies a line break. The following example demonstrates this functionality.

Figure 5.12 A JButton and JLabel w ith HTM L text.

<<file figure5-12.gif>>

The Code: Htm lButtons.java

see\Chapter5\3

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;

public class HtmlButtons extends JFrame
{
  public HtmlButtons() {
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    super("HTML Buttons and Labels");
    setSize(400, 300);

    getContentPane().setLayout(new FlowLayout());

    String htmlText = 
      "<html><p><font color=\"#800080\" "+
      "size=\"4\" face=\"Verdana\">JButton</font> </p>"+
      "<address><font size=\"2\"><em>"+
      "with HTML text</em></font>"+
      "</address>";
    JButton btn = new JButton(htmlText);
   getContentPane().add(btn);

    htmlText = 
      "<html><p><font color=\"#800080\" "+
      "size=\"4\" face=\"Verdana\">JLabel</font> </p>"+
      "<address><font size=\"2\"><em>"+
      "with HTML text</em></font>"+
      "</address>";
    JLabel lbl = new JLabel(htmlText);
    getContentPane().add(lbl);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);
    setVisible(true);
}

  public static void main(String args[]) {
    new HtmlButtons();
  }
}

5.2 Custom buttons: part I - Transparent buttons

Buttons in Swing can adopt almost any presentation we can think of. Of course some presentations are tougher 

to implementthanothers.Intheremainderofthischapterwewilldealdirectlywiththeseissues.Theexample

in thissection showshow to constructinvisible buttonswhich only appearwhen the usermovesthe mouse

cursor over them. Specifically, a border will be painted, and tooltip text willbeactivatedinthedefaultmannar.

Such button’scan beusefulin appletsforpre-defined hyperlink navigation,and wewilldesign ourinvisible

buttonclasswiththisinmind.Thus,wewillshow how to createan appletthatreadsasetofparametersfrom

the HTM L page itisembedded in,and loadsa corresponding setofinvisible buttons.Foreach button,the

designeroftheHTM L pagemustprovidethreeparameters:thedesired hyperlink URL,thebutton’sbounds

(positionsand size),and the button’stooltip text.Additionaly oursample appletwillrequire a background

image parameter.Our button’s bounds are intended to directly correspond to an ‘active’ region of this

background image--much like the venerable HTM L image mapping functionality.
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Figure 5.8 Transparent rectangular buttons in an applet

<<file figure5-8.gif>>

The Code: ButtonApplet.java

see\Chapter5\4

import java.applet.*;
import java.awt.*;
import java.awt.event.*;
import java.net.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class ButtonApplet extends JApplet
{
  public ButtonApplet() {}

  public synchronized void init() {
    String imageName = getParameter("image");
    if (imageName == null) {
      System.err.println("Need \"image\" parameter");
      return;
    }
    URL imageUrl = null;
    try {
      imageUrl = new URL(getDocumentBase(), imageName);
    }
    catch (MalformedURLException ex) {
      ex.printStackTrace();
      return;
    }
    ImageIcon bigImage = new ImageIcon(imageUrl);
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    JLabel bigLabel = new JLabel(bigImage);
    bigLabel.setLayout(null);

    int index = 1;
    int[] q = new int[4];
    while(true) {
      String paramSize = getParameter("button"+index);
      String paramName = getParameter("name"+index);
      String paramUrl = getParameter("url"+index);
      if (paramSize==null || paramName==null || paramUrl==null)
        break;

      try {
        StringTokenizer tokenizer = new StringTokenizer(
          paramSize, ",");
        for (int k=0; k<4; k++) {
          String str = tokenizer.nextToken().trim();
          q[k] = Integer.parseInt(str);
        }
      }
      catch (Exception ex) { break; }

      NavigateButton btn = new NavigateButton(this, 
     paramName, paramUrl);

      bigLabel.add(btn);
      btn.setBounds(q[0], q[1], q[2], q[3]);

      index++;
    }

    getContentPane().setLayout(null);
    getContentPane().add(bigLabel);
    bigLabel.setBounds(0, 0, bigImage.getIconWidth(), 
      bigImage.getIconHeight());
  }

  public String getAppletInfo() {
    return "Sample applet with NavigateButtons";
  }

  public String[][] getParameterInfo() {
    String pinfo[][] = {
      {"image",  "string",  "base image file name"},
      {"buttonX","x,y,w,h", "button's bounds"},
      {"nameX",  "string",  "tooltip text"},
      {"urlX",   "url",     "link URL"} };
    return pinfo;
  }
}

class NavigateButton extends JButton implements ActionListener
{
  protected Border m_activeBorder;
  protected Border m_inactiveBorder;

  protected Applet m_parent;
  protected String m_text;
  protected String m_sUrl;
  protected URL    m_url;

  public NavigateButton(Applet parent, String text, String sUrl) {
    m_parent = parent;
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    setText(text);
    m_sUrl = sUrl;
    try {
      m_url = new URL(sUrl);
    }
    catch(Exception ex) { m_url = null; }

    setOpaque(false);
    enableEvents(AWTEvent.MOUSE_EVENT_MASK);

    m_activeBorder = new MatteBorder(1, 1, 1, 1, Color.yellow);
    m_inactiveBorder = new EmptyBorder(1, 1, 1, 1);
    setBorder(m_inactiveBorder);

    addActionListener(this);
  }

  public void setText(String text) {
    m_text = text;
    setToolTipText(text);
  }

  public String getText() {
    return m_text;
  }

  protected void processMouseEvent(MouseEvent evt) {
    switch (evt.getID()) {
      case MouseEvent.MOUSE_ENTERED:
        setBorder(m_activeBorder);
        setCursor(Cursor.getPredefinedCursor(
          Cursor.HAND_CURSOR));
        m_parent.showStatus(m_sUrl);
        break;
      case MouseEvent.MOUSE_EXITED:
        setBorder(m_inactiveBorder);
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
        m_parent.showStatus("");
        break;
    }
    super.processMouseEvent(evt);
  }

  public void actionPerformed(ActionEvent e) { 
    if (m_url != null) {
      AppletContext context = m_parent.getAppletContext();
      if (context != null)
        context.showDocument(m_url);
    }
  }

  public void paintComponent(Graphics g) {
    paintBorder(g);
  }
}

Understanding the Code
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Class ButtonApplet

This class extends JApplet to provide web page functionality. The init() method creates and initializes all 

GUI components. It starts by reading the applet's "image" parameter which is then used along with the applet’s

codebase to construct a URL:

      imageUrl = new URL(getDocumentBase(), imageName);

ThisURL pointsto theimagefilewhich isused to createourbigLabel labelwhich isused astheapplet’s

background image.

Theappletcan beconfigured to hold severalinvisiblebuttonsfornavigating to pre-defined URLs.Foreach

button, three applet parameters must be provided:

buttonN: holds four comma-delimited numbers for x, y, width, and height of button N.

nameN: tooltip text for button N.

urlN: URL to re-direct the browser when the user clicks mouse over button N.

Assoon asthese parameterscan be read and parsed fora given N,a new button is created and added to

bigLabel:

      NavigateButton btn = new NavigateButton(this, 
        paramName, paramUrl);
      bigLabel.add(btn);
      btn.setBounds(q[0], q[1], q[2], q[3]);

Finally thebigLabel componentisadded to theapplet'scontentpane.Itreceivesafixed sizeto avoid any

repositioning if the applet's pane is somehow resized.

ThegetAppletInfo() m ethod returnsa String description ofthisapplet.The getParameterInfo()

m ethod returnsa 2-dimensionalString array describing the parametersaccepted by thisapplet.Both are

strongly recommended constituents of any applet, but are not required for raw functionality.

Class NavigateButton

ThisclassextendsJButton to provideourcustom implementation ofan invisiblebutton.Itimplementsthe

ActionListener interface,eliminating theneed to add an externallistener,and showshow wecan enable

mouse events without implementing the MouseListener interface.

Several parameters are declared in this class:

Border m_activeBorder:the borderwhich willbe used when the button isactive (when the mouse

cursor is moved over the button).

Border m_inactiveBorder: the border which will be used when the button is inactive (when no mouse 

cursor is over the button). Usually this will not be visible.

Applet m_parent: a reference to the parent applet.

String m_text: tooltip text for this button.

String m_sUrl: string representation of the URL (for display in the browser's status bar).
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URL m_url: the actual URL to redirect the browser to when a mouse click occurs.

The constructor of the NavigateButton class takes three parameters:a reference to the parentapplet,

tooltip text,and aString representation ofaURL.Itassignsallinstancevariablesand createsaURL from

the given String.Note thatifthe URL address cannotbe resolved,itis setto null (this willdisable

navigation). The Opaque propertyis set to false because this component is supposed to be transparent. Note 

also thatthiscomponent processesitsown MouseEvents,enabled with the enableEvents() m ethod.

ThisbuttonwillalsoreceiveActionEventsbyvirtueofimplementing ActionListener andaddingitself

as a listener.

The setText() and getText() m ethodsmanage the m_text (tooltip text)property.They also serve to

override the corresponding methods inherited from the JButton class.

TheprocessMouseEvent() m ethod willbecalled fornotification aboutmouseeventson thiscomponent.

W e wantto process only two kinds ofevents: MOUSE_ENTERED and MOUSE_EXITED.W hen the mouse

entersthe button'sbounds,we setthe borderto m_activeBorder,change the mouse cursorto the hand

cursor,display the String description ofthe URL in the browser's status bar.W hen the mouse exits the

button's bounds we perform the opposite actions: set the border to m_inactiveBorder, set the mouse cursor 

to the default cursor, and clear the browser's status bar.

The actionPerformed() m ethod willbe called when the userpressesthisbutton (note thatwe use the

inherited JButton processing forboth mouse clicks and the keyboard mnemonic).Ifboth the URL and

AppletContext instancesarenotnull,theshowDocument() m ethod iscalled to redirectthebrowserto

the button's URL.

Note: Do not confuse AppletContext with the AppContext class we discussed in section 2.5.
AppletContext is an interface fordescribing an applet’s environment,including information aboutthe
documentitis contained in,as wellas information aboutotherappets thatmightalso be contained in that
document.

ThepaintComponent() m ethod used forthisbutton hasavery simpleimplementation.W ejustdraw the

button'sborderby calling the paintBorder().BecausethiscomponentdoesnothaveaUIdelegatewedo

not need to call super.paintComponent() from this method. 

Running the Code

To run it in the web browser we have constructed the following HTM L file:

<html>

<head>
<title></title>
</head>

<body>

<OBJECT classid="clsid:8AD9C840-044E-11D1-B3E9-00805F499D93"
WIDTH = 563 HEIGHT = 275
codebase="http://java.sun.com/products/plugin/1.2/jinstall-12-
win32.cab#Version=1,2,0,0">
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<PARAM NAME = "CODE" VALUE = "ButtonApplet.class" >
<PARAM NAME = "type" VALUE ="application/x-java-applet;version=1.2">
  <param name="button1" value="49, 134, 161, 22">
  <param name="button2" value="49, 156, 161, 22">
  <param name="button3" value="16, 178, 194, 22">
  <param name="button4" value="85, 200, 125, 22">
  <param name="button5" value="85, 222, 125, 22">
  <param name="image" value="nasa.gif">
  <param name="name1" value="What is Earth Science?">
  <param name="name2" value="Earth Science Missions">
  <param name="name3" value="Science of the Earth System">
  <param name="name4" value="Image Galery">
  <param name="name5" value="For Kids Only">
  <param name="url1" 
   value="http://www.earth.nasa.gov/whatis/index.html">
  <param name="url2" 
   value="http://www.earth.nasa.gov/missions/index.html">
  <param name="url3"
   value="http://www.earth.nasa.gov/science/index.html">
  <param name="url4" 
   value="http://www.earth.nasa.gov/gallery/index.html">
  <param name="url5" 
   value="http://kids.mtpe.hq.nasa.gov/">

<COMMENT>
<EMBED type="application/x-java-applet;version=1.2" CODE = 
"ButtonApplet.class"
  WIDTH = "563" HEIGHT = "275" 
  codebase="./" 
  button1="49, 134, 161, 22"
  button2="49, 156, 161, 22"
  button3="16, 178, 194, 22"
  button4="85, 200, 125, 22"
  button5="85, 222, 125, 22"
  image="nasa.gif"
  name1="What is Earth Science?"
  name2="Earth Science Missions"
  name3="Science of the Earth System"
  name4="Image Galery"
  name5="For Kids Only"
  url1="http://www.earth.nasa.gov/whatis/index.html"
  url2="http://www.earth.nasa.gov/missions/index.html"
  url3="http://www.earth.nasa.gov/science/index.html"
  url4="http://www.earth.nasa.gov/gallery/index.html"
  url5="http://kids.mtpe.hq.nasa.gov/"
  pluginspage=
    "http://java.sun.com/products/plugin/1.2/plugin-install.html">
<NOEMBED>
</COMMENT>
alt="Your browser understands the &lt;APPLET&gt; tag but isn't 
running the applet, for some reason."
Your browser is completely ignoring the &lt;APPLET&gt; tag!
</NOEMBED>
</EMBED>
</OBJECT>
</p>

<p>&nbsp;</p>
</body>
</html>
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Note:TheHTM L fileaboveworkswith appletviewer,NetscapeNavigator4.0 and M icrosoftInternetExplorer4.0.
This compatibility is achieved due to Java Plug-in technology. See
http://www.javasoft.com/products/plugin/1.2/docs/tags.html for more details on how to write Plug-in
compatibleHTM L files.Thedownsideisthatweneed to includeallappletparameterstwo timesforeach web
browser.

Reference:Foradditionalinformation abouttheJavaPlug-in and Plug-in HTM L converter(a convenientutility to
generate Plug-in compliant HTM L), see Swing Connection’s “Swinging on the W eb” article at:
http://java.sun.com/products/jfc/tsc/java_plug-in/java_plug-in.html.

Figure 5.8 shows ButtonApplet running in Netscape Navigator4.05 using the Java Plug-in.Note how

invisible buttonsreactwhen the mouse cursormovesoverthem.Click a button and navigate to one ofthe

NASA sites.

5.3 Custom buttons: part II - Polygonal buttons

The approach described in the previous section assumesthatallnavigationalbuttonshavearectangularshape.

This can be too restrictive for complexactiveregionsneededinthenavigationofimagessuchasgeographical

maps.In thisexamplewewillshow how to extend theideaoftransparentbuttonsdeveloped in theprevious

example, to transparent non-rectangular buttons. 

The java.awt.Polygon class is extremely helpfulforthis purpose,especially its following two related

methods (see API docs for more info):

Polygon.contains(int x, int y):returnstrue ifapointwith thegiven coordinatesiscontained

inside the Polygon.

Graphics.drawPolygon(Polygon polygon): draws an outline of a Polygon using given

Graphics object.

The firstmethod willbe used in this example to verify thatthe mouse cursoris located inside the given

polygon.The second willbe used to actually draw a polygon representing the boundsofa non-rectangular

button.

This seems fairly basic,butthere is one significantcomplication thatexists.AllSwing components are

encapsulated in rectangularboundsand nothing can bedoneaboutthis.Ifsomecomponentreceivesamouse

eventwhich occursin it'srectangularbounds,theoverlapped underlying componentsdo nothaveachanceto

receive thisevent.Figure 5.9 illustrates two overlapping non-rectangularbuttons.A partofButton B lying

under the rectangle of Button A will never receive mouse events and cannot be clicked.
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Figure 5.9 Illustration of tw o overlapping non-rectangular buttons.

<<file figure5-9.gif>>

Toresolvethissituationwecanskipanymouseeventprocessinginournon-rectangularcomponents.Instead,

all mouse events can be directed to the parent container. All buttons can then register themselves as

MouseListeners and MouseMotionListeners with thatcontainer.In thisway,mouse eventscan be

received withoutregard to overlapping!By doing thisallbuttonswillreceive notification aboutallevents

withoutany preliminary filtering.To minimizetheresulting impacton the system'sperformance we need to

provide a quick discard of events lying outside the button's basic rectangle.

Figure 5.10 Polygonal buttons in an applet.

<<file figure5-10.gif>>

The Code: ButtonApplet2.java

see\Chapter5\5

import java.applet.*;
import java.awt.*;
import java.awt.event.*;
import java.net.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
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import javax.swing.event.*;

public class ButtonApplet2 extends JApplet
{
  public ButtonApplet2() {}

  public synchronized void init() {
    // Unchanged code from section 5.2

    int index = 1;
    while(true) {
      String paramSize = getParameter("button"+index);
      String paramName = getParameter("name"+index);
      String paramUrl = getParameter("url"+index);
      if (paramSize==null || paramName==null || paramUrl==null)
        break;

      Polygon p = new Polygon();
      try {
        StringTokenizer tokenizer = new StringTokenizer(
          paramSize, ",");
        while (tokenizer.hasMoreTokens()) {
          String str = tokenizer.nextToken().trim();
          int x = Integer.parseInt(str);
          str = tokenizer.nextToken().trim();
          int y = Integer.parseInt(str);
          p.addPoint(x, y);
        }
      }
      catch (Exception ex) { break; }

      PolygonButton btn = new PolygonButton(this, p, 
        paramName, paramUrl);
      bigLabel.add(btn);

      index++;
    }

    getContentPane().setLayout(null);
    getContentPane().add(bigLabel);
    bigLabel.setBounds(0, 0, bigImage.getIconWidth(), 
    bigImage.getIconHeight());
  }

  public String getAppletInfo() {
    return "Sample applet with PolygonButtons";
  }

  public String[][] getParameterInfo() {
    String pinfo[][] = {
      {"image",  "string",  "base image file name"},
      {"buttonX","x1,y1, x2,y2, ...", "button's bounds"},
      {"nameX",  "string",  "tooltip text"},
      {"urlX",   "url",     "link URL"} };
    return pinfo;
  }
}

class PolygonButton extends JComponent
 implements MouseListener, MouseMotionListener
{
  static public Color ACTIVE_COLOR = Color.red;
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  static public Color INACTIVE_COLOR = Color. darkGray;

  protected JApplet m_parent;
  protected String m_text;
  protected String m_sUrl;
  protected URL    m_url;

  protected Polygon m_polygon;
  protected Rectangle m_rc;
  protected boolean m_active;

  protected static PolygonButton m_currentButton;

  public PolygonButton(JApplet parent, Polygon p, 
   String text, String sUrl) 
  {
    m_parent = parent;
    m_polygon = p;
    setText(text);
    m_sUrl = sUrl;
    try {
      m_url = new URL(sUrl);
    }
    catch(Exception ex) { m_url = null; }

    setOpaque(false);

    m_parent.addMouseListener(this);
    m_parent.addMouseMotionListener(this);

    m_rc = new Rectangle(m_polygon.getBounds()); // Bug alert!
    m_rc.grow(1, 1);

  setBounds(m_rc);
    m_polygon.translate(-m_rc.x, -m_rc.y);
  }

  public void setText(String text) { m_text = text; }

  public String getText() { return m_text; }

  public void mouseMoved(MouseEvent e) {
    if (!m_rc.contains(e.getX(), e.getY()) || e.isConsumed()) {
      if (m_active)
        setState(false);
      return; // quickly return, if outside our rectangle
    }
    int x = e.getX() - m_rc.x;
    int y = e.getY() - m_rc.y;
    boolean active = m_polygon.contains(x, y);

    if (m_active != active)
      setState(active);
    if (m_active)
      e.consume();
  }

  public void mouseDragged(MouseEvent e) {}

  protected void setState(boolean active) {
    m_active = active;
    repaint();
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    if (m_active) {
      if (m_currentButton != null)
        m_currentButton.setState(false);
      m_currentButton = this;
      m_parent.setCursor(Cursor.getPredefinedCursor(
        Cursor.HAND_CURSOR));
      m_parent.showStatus(m_sUrl);
    }
    else {
      m_currentButton = null;
      m_parent.setCursor(Cursor.getPredefinedCursor(
        Cursor.DEFAULT_CURSOR));
      m_parent.showStatus("");
    }
  }

  public void mouseClicked(MouseEvent e) { 
    if (m_active && m_url != null && !e.isConsumed()) {
      AppletContext context = m_parent.getAppletContext();
      if (context != null)
        context.showDocument(m_url);
      e.consume();
    }
  }
  public void mousePressed(MouseEvent e) {}
  public void mouseReleased(MouseEvent e) {}
  public void mouseExited(MouseEvent e) { mouseMoved(e); }
  public void mouseEntered(MouseEvent e) { mouseMoved(e); }

  public void paint(Graphics g) {
    g.setColor(m_active ? ACTIVE_COLOR : INACTIVE_COLOR);
    g.drawPolygon(m_polygon);
  }
}

Understanding the Code

Class ButtonApplet2

Thisclassisaslightlymodified version ofthe ButtonApplet classin theprevioussection to accommodate

polygonalbutton sizesratherthan rectangles(theparserhasbeen modified to read in an arbitrary amountof

points).Now itcreatesa Polygon instance and parsesa data string,which isassumed to contain pairsof

comma-separated coordinates,adding each coordinate to the Polygon using the the addPoint() m ethod.

The resulting Polygon instance is used to create a new PolygonButton component.

Class PolygonButton

This class serves as a replacementforthe NavigateButton class in the previous example.Note thatit

extends JComponent directly.This is necessary to disassociate any mouse handling inherentin buttons

(which isactually builtinto thebutton UIdelegates).Remember,wewantto handlemouseeventsourselves,

butwewantthem each to besentfrom within theparent’sboundsto each PolygonButton,notfrom each

PolygonButton to the parent. 

Note:This is the opposite way ofworking with mouse listeners thatwe are used to.The idea may take a few
momentstosinkinbecausedirectingeventsfrom childtoparentissomuchmorecommon,wegenerallydon’t
think of things the other way around.
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So,to be notified of mouse events from the parent,we’llneed to implementthe MouseListener and

MouseMotionListener interfaces.

Four new instance variables are declared:

Polygon m_polygon: the polygonal region representing this button’s bounds.

Rectangle m_rc: this button’s bounding rectangle as seen in the coordinate space of the parent.

boolean m_active: flag indicating that this button is active.

PolygonButton m_currentButton:a static reference to the instance ofthisclasswhich iscurrently

active.

The constructorofthe PolygonButton class takes fourparameters:a reference to the parentapplet,the

Polygon instance representing this component’s bounds, tooltip text, and a String representation of a URL. 

It assigns all instance variablesandinstantiatesa URL usingtheassociateStringparameter(sim ilartowhatwe

saw in thelastexample).Notethatthiscomponentaddsitselfto theparentappletasa MouseListener and

MouseMotionListener:

        m_parent.addMouseListener(this);
        m_parent.addMouseMotionListener(this);

Theboundingrectanglem_rc iscomputedwiththePolygon.getBounds() m ethod.Notethatthismethod

doesnotcreateanew instanceofthe Rectangle class,butreturnsareferenceto thean internalPolygon

instancevariablewhich issubjectto change.Thisisnotsafe,so wemustexplicitlycreateanew Rectangle

instancefrom thesuppliedreference.This Rectangle’sboundsareexpanded(usingitsgrow() m ethod)to

takeinto accountborderwidth.Finally the Rectangle m_rc issetasthebutton'sbounding region,and the

Polygon istranslated into thecomponent'slocalcoordinatesby shifting it'sorigin using its translate()

m ethod.

The mouseMoved() m ethod isinvoked when mouseeventsoccurin theparentcontainer.Firstwequickly

check whethertheeventliesinsideourbounding rectangleand isnotyetconsumed byanothercomponent.If

thisistrue,wecontinueprocessing thisevent.Otherwiseourmethod returns.Beforewereturn,however,we

firstcheck whetherthisbutton isstillactiveforsomereason (thiscan happen if themousecursormovestoo

fastoutofthisbutton’sbound,and thegiven componentdid notreceivea MOUSE_EXITED MouseEvent to

deactivate itself). If this is the case, we deactivate it and then exit.

Nextwetranslatethecoordinatesoftheevent,manually,into ourbutton’slocalsystem (rememberthatthisis

an eventfrom the parentcontainer)and check whetherthispointlieswithin ourpolygon.Thisgivesus a

boolean resultwhich should indicate whetherthiscomponentiscurrently active orinactive.Ifourbutton’s

currentactivation state (m_active)isnotequalto thisvalue,wecallthe setState() m ethod to changeit

so that it is. Finally, if this component is active we consume the given MouseEvent to avoid activation of two 

components simultaneously.

The setState() m ethod iscalled,asdescribed above,to seta new activation state ofthiscomponent.It

takes a boolean value as parameterand stores itin the m_active instance variable.Then itrepaints the

component to reflect a change in state, if any:

1.Ifthe m_active flag issetto true,thismethod checksthe classreference to the currently active
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button stored in the m_currentButton static variable.In the case where thisreference stillpointsto

some othercomponent(again,itpotentially can happen ifthe mouse cursormovestoo quickly outofa

componentsrectangularbounds)weforcethatcomponenttobeinactive.Then westorea this reference

into the m_currentButton static variable,letting allotherbutton’sknow thatthisbutton isnow the

currently active one. W e then change the mouse cursor to the hand cursor (as in the previous example) and 

display our URL in the browser's status bar.

2. If the m_active flag is set to false this method sets the m_currentButton static variable tonull,

changes mouse cursor to the default cursor, and clears the browser's status bar.

ThemouseClicked() method checks whether this component is active (this implies that the mouse cursor is 

located within ourpolygon,and notjustwithin thebounding rectangle),theURL isresolved,and themouse

eventisnotconsumed.Ifallthreechecksareverifiable,thismethod redirectsthebrowserto thecomponent's

associated URL and consumes the mouse event to avoid processing by any other components.

The restofmethods,implemented due to the MouseListener and MouseMotionListener interfaces,

receive empty bodies,exceptfor the mouseExited() and mouseEntered() m ethods.Both of these

methods send all their traffic to the mouseMoved() method to notify the component that the cursor has left or 

has enetered the container.

The paintComponent() m ethod simply drawsthe component's Polygon with in gray ifinactive,and in

red if active. 

Note:W e've purposefully avoided including tooltip textforthese non-rectangularbuttons.The reason isthatthe
underlying Swing ToolTipManager essentially relies ontherectangularshapeofthecomponentsitmanages.
Somehow,invoking the Swing tooltip APIdestroysourmodelofprocessing mouse events.In orderto allow
tooltipswe have to develop our own version of a tooltip manager--this is the subject of the next example.

Running the Code

TorunitinthewebbrowserwehaveconstructedthefollowingHTM L file(seeJavaPlug-inandJavaPlug-in

HTM L converter references in the previous example):

<html>
<head>
<title></title>
</head>
<body>

<OBJECT classid="clsid:8AD9C840-044E-11D1-B3E9-00805F499D93"
WIDTH = 400 HEIGHT = 380
codebase="http://java.sun.com/products/plugin/1.2/jinstall-12-
win32.cab#Version=1,2,0,0">
<PARAM NAME = "CODE" VALUE = "ButtonApplet2.class" >
<PARAM NAME = "type" 
       VALUE ="application/x-java-applet;version=1.2">
<param name="image" value="bay_area.gif">

<param name="button1" 
       value="112,122, 159,131, 184,177, 284,148, 288,248, 158,250, 100,152">
<param name="name1" value="Alameda County">
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<param name="url1"
       value="http://dir.yahoo.com/Regional/U_S__States/
California/Counties_and_Regions/Alameda_County/">

<param name="button2" 
       value="84,136, 107,177, 76,182, 52,181, 51,150">
<param name="name2" value="San Francisco County">
<param name="url2"
       value="http://dir.yahoo.com/Regional/U_S__States/
California/Counties_and_Regions/San_Francisco_County/">

<param name="button3" 
       value="156,250, 129,267, 142,318, 235,374, 361,376, 360,347, 311,324, 
291,250">
<param name="name3" value="Santa Clara County">
<param name="url3"
       value="http://dir.yahoo.com/Regional/U_S__States/
California/Counties_and_Regions/Santa_Clara_County/">

<param name="button4" 
       value="54,187, 111,180, 150,246, 130,265, 143,318, 99,346, 63,314">
<param name="name4" value="San Mateo County">
<param name="url4"
       value="http://dir.yahoo.com/Regional/U_S__States/
California/Counties_and_Regions/San_Mateo_County/">

<param name="button5" 
       value="91,71, 225,79, 275,62, 282,147, 185,174, 160,129, 95,116, 
79,97">
<param name="name5" value="Contra Costa County">
<param name="url5"
       value="http://dir.yahoo.com/Regional/U_S__States/
California/Counties_and_Regions/Contra_Costa_County/">

<COMMENT>
<EMBED type="application/x-java-applet;version=1.2" CODE = 
"ButtonApplet2.class"
  WIDTH = "400" HEIGHT = "380" 
  codebase="./" 
  image="bay_area.gif"
  button1="112,122, 159,131, 184,177, 284,148, 288,248, 158,250, 100,152"
  name1="Alameda County"

url1="http://dir.yahoo.com/Regional/U_S__States/California/Counties_and_Region
s/Alameda_County/"
  button2="84,136, 107,177, 76,182, 52,181, 51,150"
  name2="San Francisco County"

url2="http://dir.yahoo.com/Regional/U_S__States/California/Counties_and_Region
s/San_Francisco_County/"
  button3="156,250, 129,267, 142,318, 235,374, 361,376, 360,347, 311,324, 
291,250"
  name3="Santa Clara County"

url3="http://dir.yahoo.com/Regional/U_S__States/California/Counties_and_Region
s/Santa_Clara_County/"
  button4="54,187, 111,180, 150,246, 130,265, 143,318, 99,346, 63,314"
  name4="San Mateo County"

url4="http://dir.yahoo.com/Regional/U_S__States/California/Counties_and_Region
s/San_Mateo_County/"
  button5="91,71, 225,79, 275,62, 282,147, 185,174, 160,129, 95,116, 79,97"
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  name5="Contra Costa County"

url5="http://dir.yahoo.com/Regional/U_S__States/California/Counties_and_Region
s/Contra_Costa_County/"
  pluginspage="http://java.sun.com/products/plugin/1.2/plugin-install.html">
<NOEMBED></COMMENT>
alt="Your browser understands the &lt;APPLET&gt; tag but isn't running the 
applet, for some reason."
        Your browser is completely ignoring the &lt;APPLET&gt; tag!
</NOEMBED>
</EMBED>
</OBJECT>
</p>

<p>&nbsp;</p>
</body>
</html>

Figure 5.10 shows the ButtonApplet2 example running in Netscape 4.05 with the Java Plug-in. OurHTM L

filehasbeenconstructedtodisplayanactivemapoftheSanFranciscobayarea.Fivenon-rectangularbuttons

correspond to thisarea’sfive counties.Note how the non-rectangularbuttonsreactwhen the mouse cursor

movesin and outoftheirboundaries.Verify thatthey behave correctly even ifa partofa given button lies

underthebounding rectangleofanotherbutton (agood placeto check isthesharp borderbetween Alameda

and Contra Costa counties). Click over the button and notethenavigationtooneoftheYahoositescontaining

information about the selected county.

Itis clearthattooltip displays would help to dispelany confusion as to which county is which.The next

example shows how to implement this feature.

5.4 Custom buttons: part III - Tooltip management

In this section we'll discuss how to implement custom management of tooltips in a Swing application. If you're

completely satisfied with thedefaultToolTipManager provided with Swing,you can skip thissection.But

there may be situationswhen thisdefaultimplementation isnotsatisfactory,asin ourexample above using

non-rectangular components. 

W ewillconstructourown version ofatooltip managerto display atooltip window ifthemousecursorrests

over some pointinside the button's area longer than a specified time interval.Itwillbe displayed for a

speecified amountoftime and,to avoid annoying the user,we willthen hide the tooltip window until the

mouse cursor moves to a new position. In designing our tooltip manager we will take a different approach than 

thattaken by Swing’sdefaultToolTipManager (seesection 5.4).Instead ofusing threedifferentTimers,

wewillusejustone.Thisinvolves tracking moreinformation,butisslightly more efficientby avoiding the

handling of multiple ActionEvents.
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Figure 5.11 Polygonal buttons w ith custom  tooltip m anager.

<<file figure5-11.gif>>

The Code: ButtonApplet3.java

see\Chapter5\6

import java.applet.*;
import java.awt.*;
import java.awt.event.*;
import java.net.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class ButtonApplet3 extends JApplet
{
  protected ToolTipManager m_manager;

  public ButtonApplet3() {}

  public synchronized void init() {
    // unchanged code from section 5.3

    m_manager = new ToolTipManager(this);
    PolygonButton.m_toolTip = m_manager.m_toolTip;
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    getContentPane().setLayout(null);
    getContentPane().add(bigLabel);
    bigLabel.setBounds(0, 0, bigImage.getIconWidth(), 
      bigImage.getIconHeight());
  }

  // unchanged code from section 5.3
}

class PolygonButton extends JComponent
 implements MouseListener, MouseMotionListener
{
  // unchanged code from section 5.3

  public static JToolTip m_toolTip;

  protected void setState(boolean active) {
    m_active = active;
    repaint();
    if (active) {
      if (m_currentButton != null)
        m_currentButton.setState(false);
      m_parent.setCursor(Cursor.getPredefinedCursor(
        Cursor.HAND_CURSOR));
      m_parent.showStatus(m_sUrl);
      if (m_toolTip != null)
        m_toolTip.setTipText(m_text);
    }
    else {
      m_currentButton = null;
      m_parent.setCursor(Cursor.getPredefinedCursor(
        Cursor.DEFAULT_CURSOR));
      m_parent.showStatus("");
      if (m_toolTip != null)
        m_toolTip.setTipText(null);
    }
  }
}

class MyToolTipManager extends MouseMotionAdapter 
 implements ActionListener
{
  protected Timer m_timer;
 protected int m_lastX = -1;
  protected int m_lastY = -1;
  protected boolean m_moved = false;
  protected int m_counter = 0;

  public JToolTip m_toolTip = new JToolTip();

  ToolTipManager(JApplet parent) {
    parent.addMouseMotionListener(this);
    m_toolTip.setTipText(null);
    parent.getContentPane().add(m_toolTip);
    m_toolTip.setVisible(false);
    m_timer = new Timer(1000, this);
    m_timer.start();
  }

  public void mouseMoved(MouseEvent e) {
    m_moved = true;
    m_counter = -1;
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    m_lastX = e.getX();
    m_lastY = e.getY();
    if (m_toolTip.isVisible()) {
      m_toolTip.setVisible(false);
      m_toolTip.getParent().repaint();
    }
  }

  public void actionPerformed(ActionEvent e) {
    if (m_moved || m_counter==0 || m_toolTip.getTipText()==null) {
      if (m_toolTip.isVisible())
        m_toolTip.setVisible(false);
      m_moved = false;
      return;
    }

    if (m_counter < 0) {
      m_counter = 4;
      m_toolTip.setVisible(true);
      Dimension d = m_toolTip.getPreferredSize();
      m_toolTip.setBounds(m_lastX, m_lastY+20, 
      d.width, d.height);
    }
    m_counter--;
  }
}

Understanding the Code

Class ButtonApplet3

Thisclassrequiresvery few modificationsfrom ButtonApplet2 in thelastsection.Itdeclaresand creates

MyToolTipManager m_manager and passes a this reference to it:

        m_manager = new MyToolTipManager(this);

As you will see below, our MyToolTipManager class manages a publically accessible JToolTip,

m_toolTip.MyToolTipManager itselfisnotintended to provide any meaningfulcontentto thistooltip.

Rather, this is to be done by other components, in our case, by the PolygonButtons. Thus, our

PolygonButton class declares a static reference to a JToolTip component. W henever a button

becomesactive,thisJToolTip’stextwillbe assigned to thatofthe active button.So,when we create our

instance ofMyToolTipManager,we assign its publically accessible JToolTip as ourPolygon class’s

staticJToolTip (which is also publically accessible):

        PolygonButton.m_toolTip = m_manager.m_toolTip;

Thus,there willonly be one JToolTip instance in existance for the lifetime of this applet,and both

MyToolTipManager and our PolygonButtons have control over it.

Class PolygonButton

As we've mentioned above,this class now declares the static variable: JToolTip m_toolTip.Class

PolygonButton does not initialize this reference. However, this reference is checked during

PolygonButton activation in thesetState() m ethod.Ifm_toolTip isnotnull (setto pointto avalid

tooltip window by some outer class--which, inourexample,isdoneinthe ButtonApplet3 init() m ethod

shown above),the setTipText() m ethod isinvoked to setthe propertextwhile the mouse cursorhovers

over the button.
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Class M yToolTipM anager

Thisclassrepresentsacustom tooltipmanagerwhichisfreefrom assumptionoftherectangularityofitschild

components.Itextendsthe MouseMotionAdapter classand implementsthe ActionListener interface

to work as both a MouseMotionListener and ActionListener. Six instance variables are declared:

Timer m_timer: our managing timer.

int m_lastX, m_lastY:the lastcoordinatesofthe mouse cursor--reassigned each time the mouse is

moved.

boolean m_moved: flag indicating that the mouse cursor has moved.

int m_counter: time ticks counter managing the tooltip's time to live (see below).

JToolTip m_toolTip: the tooltip component to be displayed.

The constructor of the MyToolTipManager classtakesareferencetotheparenting JApplet asaparameter

and registers itself as a MouseMotionListener on this component. Then it creates the JToolTip

m_toolTip component and adds it to the applet's content pane. m_tooltip is set invisible, using

setVisible(false), and can then be used by any interested class by repositioning it and calling

setVisible(true). Finally a Timer with a 1000 ms delay time is created and started.

ThemouseMoved() m ethodwillbeinvokedwhenthemousecursormovesovertheapplet'spane.Itsetsthe

m_moved flag to true,m_counter to -1,and storesthecoordinatesofthemousecursor.Then thismethod

hides the tooltip component if is visible.

TheactionPerformed() m ethodiscalledwhentheTimer firesevents(see2.6fordetails).Itimplements

the logic of displaying/hiding the tooltip window based on tw o instance variables: m_moved and m_counter:

    if (m_moved || m_counter==0 || m_toolTip.getTipText()==null) {
      if (m_toolTip.isVisible())
        m_toolTip.setVisible(false);
      m_moved = false;
      return;
    }

The above block of code is invoked when any one of the following statements are true:

1. M ouse cursor has been moved since the last time tick.

2. Counter has reached zero.

3. No tooltip text is set.

In any ofthesecases,thetooltip componentishidden (ifpreviously visible),and them_moved flag issetto

false. Note that the m_counter variable remains unchanged.

    if (m_counter < 0) {
      m_counter = 4;
      m_toolTip.setVisible(true);
      Dimension d = m_toolTip.getPreferredSize();
      m_toolTip.setBounds(m_lastX, m_lastY+20,
      d.width, d.height);
    }

This block of code is responsible for displaying the tooltip component.Itwillbe executed only when
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m_counter is equal to -1 (set bymouseMoved()), and the m_moved flag is false (cleared bytheprevious

codefragment).m_counter issetto fourwhich determinestheamountoftimethetooltip willbedisplayed

(4000ms in this example).Then we make the tooltip componentvisible and place itatthe currentmouse

location with a verticaloffsetapproximately equalto the mouse cursor'sheight.Note thatthisconstruction

provides an arbitrary time delay between when mouse motion stops and the tooltip is displayed.

Thelastlineofcodein the actionPerformed() m ethod ism_counter--,which decrementsthecounter

each time tick until it reaches 0. As we saw above, once it reaches 0 the tooltip will be hidden. 

Note:Theactualdelaytimemayvaryfrom 1000msto 2000 mssincethemousemovementsand timeticksarenot
synchronized. A more accurate and complex implementation could start a new timer after each mouse
movement, as is done in Swing’sToolTipManager.

The following table illustrates how the m_counter and m_moved variables control this behavior.

Tim er m _m oved m _counter m _counter Com m ent

tick flag before after

0 false 0 0

1 true -1 -1 M ouse moved between 0-th and 1-st ticks

2 false -1 4 Tool tip is displayed

3 false 4 3

4 false 3 2

5 false 2 1

6 false 1 0

7 false 0 0 Tool tip is hidden

8 false 0 0 W aiting for the next mouse move

Running the Code

Figure5.11 showsButtonApplet3 running in NetscapeNavigator4.05 with theJavaPlug-in.You can use

thesameHTM L fileaspresented in theprevioussection.M ovethemousecursoroversomenon-rectangular

componentandnotehow itdisplaysthe propertooltip message.Thistooltip disappearsafteracertain amount

of time or when the mouse is moved to a new location.

Chapter 6. Tabbed Panes
In this chapter:

• JTabbedPane

• Dynamically changeable tabbed pane

• Customized JTabbedPane and TabbedPaneUI delegate
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6.1 JTabbedPane

class javax.swing.JTabbedPane

JTabbedPane issimply astack ofcomponentsin selectablelayers.Each layercan contain one component

which isnormally acontainer.Tab extensionsareused to moveagiven layerto thefrontofthetabbed pane

veiw.These tab extensions are similarto labels in thatthey can have assigned text,an icon (as wellas a

disabled icon), background and foreground colors, and a tooltip.

To add a componentto a tabbed pane we use one ofits overloaded add() m ethods.This creates a new

selectabletab and reorganizestheothertab extensionsso thenew onewillfit(ifnecessary).W ecan also use

theaddTab() and insertTab() m ethodsto do createnew selectablelayers.The remove() m ethod takes

a component as a parameter and removes the tab associated with that component, if any.

Tabextensionscanresidetothenorth,south,east,orwestofthetabbed pane’scontent.Thiscan bespecified

using itssetTabPlacement() m ethod and passing oneofthecorresponding SwingConstants fieldsas

parameter.

UI Guideline : Vertical or Horizontal Tabs? 

W hen is it best to choose between vertical or horizontal tabs?

There are three possible rulesofthumb to help make the decision whetherto place tabshorizontally orvertically.
Firstly,considerthenatureofthedatato bedisplayed,isverticalorhorizontalspaceatapremium within the
availabledisplayspace?Ifforexampleyouhavealistwithasinglecolumnbut200entriesthenclearlyvertical
space isata premium. Ifyou have a table with only 10 entriesbut15 columnsthen horizontalspace isata
premium.Simplyplacethetabswherespaceischeaperto obtain.In thefirstexamplewith thelong list,place
the tabs vertically.W hen you place the tabs vertically,they use horizontalspace which is available.In the
second exmaple, place the tabs horizontally.W henyouplacethetabshorizontally,youuseverticalspacewhich
is available while horizontal space is fully taken by the table columns.

Anotherpossibilityisthenumberandsizeofthetabs.Ifyouneedtodisplayperhaps12tabs,eachwithalonglabel,
then it isunlikelythatthesewillfitacrossthescreenhorizontally.Inthiscaseyouaremorelikelytofitthem by
placing them vertically.Using space in these ways when introducing a tabbed pane,should minimise the
introduction ofscrollpanes and maximise ease ofuse.Finally,considerthe layoutand mouse movements
required foroperating thesoftware.Ifforexample,yourapplication usesatoolbar,then itmay makesenseto
alignthetabsclosetothetoolbar,thusminimisingmousemovementsbetweenthetoolbarbuttonsandthetabs.
Ifyou haveahorizontaltoolbaracrossthetop ofthescreen,then chooseahorizontalsetoftabsacrossthetop
(North).

W e can get/set the selected tab index at any given time using its getSelectedIndex() and

setSelectedIndex() m ethodsrespecitively.W e can get/setthe componentassociated with the selected

tab similarly using the getSelectedComponent() and setSelectedComponent() methods.

OneormoreChangeListeners can beadded to a JTabbedPane,which getregistered with itsmodel(an

instance of DefaultSingleSelectionModel by default -- see chapter 12 for more about

SingleSelectionModel and DefaultSingleSelectionModel). W heneveranew tab isselected the

modelwillsend outChangeEventsto allregistered ChangeListeners.The stateChanged() m ethod

ofeach listenerisinvoked,and in thisway we can capture and perform any desired actionswhen the user

selectsany tab.JTabbedPane also firesPropertyChangeEventswheneveritsmodelortab placement

properties change state.
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UI Guideline : Transaction Boundaries and Tabbed Panes

Ifyourusing a tabbed pane within a dialog then the transaction boundary isnormally clear.Itwillbe an OK or
CancelButton on the dialog.In thiscase itisobviousthatthe OK and Cancelbuttonswould lie outside the
tabbed pane and in the dialog itself.This is an importantpoint.Place action buttons which terminate a
transactionoutside thetabbedpanes.Ifforexampleyou had atabbed panewhich contained aSaveand Cancel
buttonwithinthefirsttab,isitclearthattheSaveandCancelworkacrossalltabsoronlyonthefirst.Actually,
itsambiguous!To clearly define the transaction,define the buttonsoutside the tabbed pane then itshould be
clearto theUserthatany changesmadeto any tab willeitherbeaccepted/saved when OK/Saveispressed or
discarded when Cancel is pressed. The action buttons apply across the complete set of tabs.

6.2 Dynamically changeable tabbed pane

W e now turn to a JTabbedPane example applet demonstrating dynamicallyreconfigurabletablayoutaswell

asthe addition and removalofany numberoftabs.A ChangeListener isattached to the tabbed pane to

listen for tab selection events and display the currently selected tab index in a status bar.For enhanced

feedback, audio clips are played when the tab layout changes and whenever a tab is added and removed.

Figure 6.1 TabbedPaneDem o

<<file figure6-1.gif>>

The Code: TabbedPaneDem o.java

see\Chapter6\1

import java.awt.*;
import java.applet.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.*;
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public class TabbedPaneDemo extends JApplet
 implements ActionListener
{
  private ImageIcon m_tabimage;
  private ImageIcon m_utsguy;
  private ImageIcon m_jfcgirl;
  private ImageIcon m_sbeguy;
  private ImageIcon m_tiger;
  private JTabbedPane m_tabbedPane;
  private JButton m_topButton;
  private JButton m_bottomButton;
  private JButton m_leftButton;
  private JButton m_rightButton;
  private JButton m_addButton;
  private JButton m_removeButton;
  private JLabel m_status;
  private JLabel m_loading;
  private AudioClip m_layoutsound;
  private AudioClip m_tabsound;

  public void init() {
    m_loading = new JLabel("Initializing applet...", 
      SwingConstants.CENTER);
    getContentPane().add(m_loading);

    Thread initialize = new Thread() {
      public void run() {
        m_tabimage = new ImageIcon("tabimage.gif");
        m_utsguy = new ImageIcon("utsguy.gif");
        m_jfcgirl = new ImageIcon("jfcgirl.gif");
        m_sbeguy = new ImageIcon("sbeguy.gif");
        m_tiger = new ImageIcon("tiger.gif");
        m_tabbedPane = new JTabbedPane(SwingConstants.TOP);
        m_topButton = new JButton("TOP");
        m_bottomButton = new JButton("BOTTOM");
        m_leftButton = new JButton("LEFT");
        m_rightButton = new JButton("RIGHT");
        m_addButton = new JButton("add");
        m_removeButton = new JButton("remove");
        m_status = new JLabel();

        Color buttonColor = new Color(245,242,219);
        JPanel buttonPanel = new JPanel();
        buttonPanel.setLayout(new GridLayout(1,6));
        JPanel lowerPanel = new JPanel();
        lowerPanel.setLayout(new BorderLayout());

        m_topButton.setBackground(buttonColor);
        m_bottomButton.setBackground(buttonColor);
        m_leftButton.setBackground(buttonColor);
        m_rightButton.setBackground(buttonColor);
        m_addButton.setBackground(buttonColor);
        m_removeButton.setBackground(buttonColor);
        m_topButton.addActionListener(TabbedPaneDemo.this);
        m_bottomButton.addActionListener(TabbedPaneDemo.this);
        m_leftButton.addActionListener(TabbedPaneDemo.this);
        m_rightButton.addActionListener(TabbedPaneDemo.this);
        m_addButton.addActionListener(TabbedPaneDemo.this);
        m_removeButton.addActionListener(TabbedPaneDemo.this);

        buttonPanel.add(m_topButton);
        buttonPanel.add(m_bottomButton);
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        buttonPanel.add(m_leftButton);
        buttonPanel.add(m_rightButton);
        buttonPanel.add(m_addButton);
        buttonPanel.add(m_removeButton);
        buttonPanel.setBackground(buttonColor);
        buttonPanel.setOpaque(true);
        buttonPanel.setBorder(new CompoundBorder(
          new EtchedBorder(EtchedBorder.RAISED),
          new EtchedBorder(EtchedBorder.LOWERED)));

        lowerPanel.add("Center", buttonPanel);
        m_status.setHorizontalTextPosition(SwingConstants.LEFT);
        m_status.setOpaque(true);
        m_status.setBackground(buttonColor);
        m_status.setForeground(Color.black);
        lowerPanel.add("South", m_status);

        createTab();
        createTab();
        createTab();
        createTab();

        getContentPane().setLayout(new BorderLayout()); 
        m_tabbedPane.setBackground(new Color(245,232,219));
        m_tabbedPane.setOpaque(true);
        getContentPane().add("South", lowerPanel);
        getContentPane().add("Center", m_tabbedPane);
        m_tabbedPane.addChangeListener(new MyChangeListener());
        m_layoutsound = getAudioClip(getCodeBase(), "switch.wav");
        m_tabsound = getAudioClip(getCodeBase(), "tab.wav");

        getContentPane().remove(m_loading);
        getRootPane().revalidate();
        getRootPane().repaint();
      }
    };
    initialize.start();
  }

  public void createTab() {
    JLabel label = null;
    switch (m_tabbedPane.getTabCount()%4) {
      case 0:
        label = new JLabel("Tab #" + m_tabbedPane.getTabCount(), 
          m_utsguy, SwingConstants.CENTER);
        break;
      case 1: 
        label = new JLabel("Tab #" + m_tabbedPane.getTabCount(), 
          m_jfcgirl, SwingConstants.CENTER);
        break;
      case 2: 

   label = new JLabel("Tab #" + m_tabbedPane.getTabCount(), 
          m_sbeguy, SwingConstants.CENTER);
        break;
      case 3: 
        label = new JLabel("Tab #" + m_tabbedPane.getTabCount(), 
          m_tiger, SwingConstants.CENTER);
        break;
    }
    label.setVerticalTextPosition(SwingConstants.BOTTOM);
    label.setHorizontalTextPosition(SwingConstants.CENTER);
    label.setOpaque(true);
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    label.setBackground(Color.white);
    m_tabbedPane.addTab("Tab #" + m_tabbedPane.getTabCount(), 
     m_tabimage, label);
    m_tabbedPane.setBackgroundAt(m_tabbedPane.getTabCount()-1,
      new Color(245,232,219));
    m_tabbedPane.setForegroundAt(m_tabbedPane.getTabCount()-1,
      new Color(7,58,141));
    m_tabbedPane.setSelectedIndex(m_tabbedPane.getTabCount()-1);
    setStatus(m_tabbedPane.getSelectedIndex());
  }

  public void killTab() {
    if (m_tabbedPane.getTabCount() > 0) {
      m_tabbedPane.removeTabAt(m_tabbedPane.getTabCount()-1);
      setStatus(m_tabbedPane.getSelectedIndex());
  }

    else
      setStatus(-1);
  }

  public void setStatus(int index) {
    if (index > -1)
      m_status.setText(" Selected Tab: " + index);
    else
      m_status.setText(" No Tab Selected");
  }

  public void actionPerformed(ActionEvent e) {
if (e.getSource() == m_topButton) {

      m_tabbedPane.setTabPlacement(SwingConstants.TOP);
      m_layoutsound.play();
    }
    else if(e.getSource() == m_bottomButton) {
      m_tabbedPane.setTabPlacement(SwingConstants.BOTTOM);
      m_layoutsound.play();
    }
    else if(e.getSource() == m_leftButton) {
      m_tabbedPane.setTabPlacement(SwingConstants.LEFT);
      m_layoutsound.play();
    }
    else if(e.getSource() == m_rightButton) {
      m_tabbedPane.setTabPlacement(SwingConstants.RIGHT);

m_layoutsound.play();
    }
    else if(e.getSource() == m_addButton)
      createTab();
    else if(e.getSource() == m_removeButton)
      killTab();
    m_tabbedPane.revalidate();
    m_tabbedPane.repaint();
  }

  public static void main(String[] args) {
    new TabbedPaneDemo();
  }

  class MyChangeListener implements ChangeListener
  {
    public void stateChanged(ChangeEvent e) {
      setStatus(
        ((JTabbedPane) e.getSource()).getSelectedIndex());
      m_tabsound.play();
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    }
  }
}

Understanding the Code

Class TabbedPaneDemo

TabbedPaneDemo extends JApplet and implements ActionListener (to listen for button events).

Several instance variables are used:

ImageIcon m_tabimage: image used in each tab extension.

ImageIcon m_utsguy, m_jfcgirl, m_sbeguy, m_tiger: images used in tab containers.

JTabbedPane m_tabbedPane: the main tabbed pane.

JButton m_topButton:TOP tab alignment button.

JButton m_bottomButton:BOTTOM tab alignment button.

JButton m_leftButton:LEFT tab alignment button.

JButton m_rightButton:RIGHT tab alignment button.

JButton m_addButton: add tab button.

JButton m_removeButton: remove tab button.

JLabel m_status: status bar label.

OurJTabbedPane,tabbedPane,iscreated with TOP tab alignment.(Note:TOP isactually thedefaultso

this is really not necessary here.  The default JTabbedPane constructor would do the same thing.)

The init() m ethod organizes the buttons inside a JPanel using GridLayout, and associates

ActionListenerswith each one.W e wrap allinstantiation and GUIinitialization processesin a separate

thread and startitin thethismethod.Thisisbecauseloading can takeseveralsecondsand itisbestto allow

the interface to be as responsive as possible during this time. W e also provide anexplicitvisualcueto theuser

thattheapplicationisloadingbyplacingan "Initializing applet..." labelinthecontentpanewhere

the tabbed pane willbe placed once initialized.In thisinitialization,ourcreateTab() m ethod (discussed

below)iscalled fourtimes.W e then add the panelcontaining the tabbed pane controllerbuttons,and our

tabbed pane to the contentPane.Finally,an instance ofMyChangeListener (see below)isattached to

our tabbed pane to listen for tab selection changes.

ThecreateTab() m ethodiscalled wheneverm_addButton isclicked.Basedonthecurrenttab countthis

method choosesbetween fourImageIcons,createsa JLabel containing thechosen icon,and addsa new

tab containing thatlabel. The killTab() m ethod is called whenever m_removeButton is clicked to

remove the tab with the highest index.

The setStatus() m ethod is called each time a differenttab is selected. The m_status JLabel is

updated to reflect which tab is selected at all times.

The actionPerformed() m ethod is called whenever any of the buttons are clicked. Clicking

m_topButton,m_bottomButton, m_leftButton,or m_rightButton causes the tab layoutof the

JTabbedPane tochangeaccordinglyusingthe setTabPlacement() m ethod. Eachtimeoneofthesetab
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layoutbuttonsisclicked a W AV file isplayed. Similarly,when a tab selection change occursa different

W AV file is invoked. These sounds, m_tabsound and m_layoutsound, are loaded at theendofthe init()

m ethod:

    m_layoutsound = getAudioClip(getCodeBase(), "switch.wav");
    m_tabsound = getAudioClip(getCodeBase(), "tab.wav");

Before the actionPerformed() m ethod exits itrevalidates the JTabbedPane.(If this revalidation is

omitted we would see thata layoutchange caused by clicking one ofourtab layoutbuttonswillresultin

incorrect tabbed pane rendering.)

Class TabbedPaneDemo.M yChangeListener

MyChangeListener implementstheChangeListener interface. Thereisonly onemethod thatmustbe

defined when implementing this interface:stateChanged(). This method can process ChangeEvents

corresponding to when atabbed pane’sselected statechanges. In ourstateChanged() m ethod weupdate

the status bar in TabbedPaneDemo and play an appropriate tab switching sound:

    public void stateChanged(ChangeEvent e) {
      setStatus(

    ((JTabbedPane) e.getSource()).getSelectedIndex());
      m_tabsound.play();
    }

Running the Code:

Figure6.1showsTabbedPaneDemo inaction.Todeploythisappletthefollowing simpleHTM L fileisused

(this is not Plug-in compliant):

<applet code=TabbedPaneDemo width=570 height=400> </applet>

Add and removesometabs,and play with thetab layoutto getafeelforhow itworksin differentsituations.

Note thatyou can use yourarrow keys to move from tab to tab (ifthe focus is currently on a tab),and

remember to turn your speakers on for the sound effects.

Note:You may haveproblemswith thisappletifyoursystem doesnotsupport.wav files. Ifso,commentoutthe
audio-specific code and recompile.

6.2.1 Interesting JTabbedPane characteristics

In cases where there is more than one row or column of tabs most of us are used to the following functionality:

selecting a tab that is not in the frontmost row or column moves that row or column to the front.  This does not 

occurin a JTabbedPane using the defaultM etalL&F ascan be seen in the TabbedPaneDemo example

above. However,this does occur when using the W indows,M otif,and Basic L&Fs.This feature was

purposefully disabled in the M etal L&F (as can be verified in the MetalTabbedPaneUI source code).

UI Guideline : Avoid M ultiple Rows of Tabs

As a general rule, you should seek to design for no more than a single row or column of tabs.
There are three key reasonsforthis.The firstisa cognitive reason:the userhastrouble discerning whatwill
happen with themultiplerowsoftabs.W ith W indowsL&F forexample,thebehavioursomewhatmimicsthe
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behaviourofa rolladex filing card system.Forsome Usersthismentalmodelisclearand the behaviouris
natural, for others it is simply confusing.

The second reason is a human factors /usability problem.W hen a rearsetoftabs comes to the front,as with
W indowsLook andFeel,thepositionofalltheothertabschanges.ThismeansthattheUserhasto discern the
new position of a tab before visuallyselectingitandmovingthemousetowardit.Thishastheeffectofdenying
the Userthe ability to learn the positions ofthe tabs.Directionalmemory is a strong attribute and highly
productiveforusability.Thusitisalwaysbetterto keep the tabsin thesameposition.Thiswasthereason that
the Sun and Apple designerschose to implementmultiple tabsin thisfashion!The finalreason isa design
problem.W hen asecond orsubsequentrow orcolumn oftabsisintroduced,there isa resizing of the tabbed
pane itself.Although,the layoutmanager willcope with this,itmay notlook visually satisfactory when
completed.Thesizeofthetabbed panebecomesdependanton theability to renderthetabsin a given space.
Thosewho remembertheOS2 W arpUIwillrecallthatthedesignersavoided thisproblem byallowing onlya
single row oftabs and the ability to scrollthem ifthey didn'tfitinto the given space.So farno one has
implemented a Swing L&F with this style of tabbed pane.

6.3 CustomizedJTabbedPane and TabbedPaneUI delegate

Although we intend to save most of our discussion of customizing UI delegates for chapter 21, building fancy -

lookingtabsistoo tempting to passup,and thisexamplemaysatisfyyourUIcustomization appetitefornow.

You can usethetechniquesshown hereto implementcustom UIdelegatesforalmostany Swing component.

However,therewillbemajordifferencesfrom componentto component,and thiswillalmostalwaysinvolve

referencing the Swing source code.

Firstwe willbuild acustomized JTabbedPane with two properties:abackground imageused foreach tab,

and a background image used for the tabbed pane itself. W e will then build a subclass of

BasicTabbedPaneUI foruse with ourcustomized JTabbedPane,and design itso thatitpaintsthe tab

background imageon each tab.Thiswillrequiremodification ofits paint() m ethod.Ourcustom delegate

will also be responsible forpaintingthetabbedpanebackground.Aswelearnedinchapter2inourdiscussion

ofpainting,aUIdelegate’supdate() m ethod isused forfilling thebackground ofopaquecomponentsand

then it should pass control to paint(). Both images need to be accessible from our customized

JTabbedPane using set and get accessors.(In keeping with theconceptofUIdelegatesnotbeing bound

to specific component instances, it would not be a good idea to assigntheseimagesasUIdelegateproperties--

unless we were building an image specific L&F.) 

BasicTabbedPaneUI isthesecond largest(in termsofsourcecode)and complex UIdelegate.Itcontains,

among otherthings,its own custom layoutmanager,TabbedPaneLayout,and a long rendering routine

spread out over several different methods. As complex as it is, understanding its inner workings is not required 

to build on top ofit.Since we are concerned only with how itdoesitsrendering,we can narrow ourfocus

considerably.Tostart,itspaint() m ethodcallsthepaintTab() m ethodwhich isresponsibleforpainting

each tab. This method calls several other methods to perform various aspects of this process (see

BasicTabbedPaneUI.java). Briefly, and in order, these methods are: 

  paintTabBackground()
  paintTabBorder()
  layoutLabel() 
  paintText()
  paintIcon()
  paintFocusIndicator()

By overriding any combination ofthesemethodswecan controlthetab rendering processhoweverwelike.
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Our customized TabbedPaneUI, which we’ll call ImageTabbedPaneUI, overrides the

paintTabBackground() method to construct tabs with background images.

Figure 6.2 TabbedPaneDem o w ith custom  tab rendering, LEFT layout

<<file figure6-2.gif>>

Figure 6.3 TabbedPaneDem o w ith custom  tab rendering, BOTTOM  layout

<<file figure6-3.gif>>

The Code: TabbedPaneDem o.java

see\Chapter6\2

import java.awt.*;
import java.applet.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.plaf.TabbedPaneUI;
import javax.swing.plaf.ComponentUI;
import javax.swing.plaf.basic.BasicTabbedPaneUI;

public class TabbedPaneDemo extends JApplet
implements ActionListener
{
  // Unchanged code from section 6.2

  public void init() {
    m_loading = new JLabel("Initializing applet...", 
      SwingConstants.CENTER);
    getContentPane().add(m_loading);

    Thread initialize = new Thread() {
     public void run() {
        // Unchanged code from section 6.2

        m_tabbedPane = new ImageTabbedPane(
          new ImageIcon("bloo.gif"), 
          new ImageIcon("bubbles.jpg"));
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        // Unchanged code from section 6.2
      }
    };
    initialize.start();
  }

  public void createTab() {
    // Unchanged code from section 6.2

    label.setBackground(Color.white);
    m_tabbedPane.addTab("Tab #" + m_tabbedPane.getTabCount(),
      m_tabimage, label);
    m_tabbedPane.setForegroundAt(m_tabbedPane.getTabCount()-1,
      Color.white);
    m_tabbedPane.setSelectedIndex(m_tabbedPane.getTabCount()-1);
    setStatus(m_tabbedPane.getSelectedIndex());
  }

  // Unchanged code from section 6.2
}

class ImageTabbedPane extends JTabbedPane
{
  // Display properties
  private Image m_tabBackground;
  private Image m_paneBackground;

  public ImageTabbedPane(ImageIcon tabBackground, 
   ImageIcon paneBackground) {
    m_tabBackground = tabBackground.getImage();
    m_paneBackground = paneBackground.getImage();
    setUI((ImageTabbedPaneUI) ImageTabbedPaneUI.createUI(this));
  }

  public void setTabBackground(Image i) {
    m_tabBackground = i;
    repaint();
  }

  public void setPaneBackground(Image i) {
    m_paneBackground = i;
    repaint();
  }

 public Image getTabBackground() {
    return m_tabBackground;
  }

  public Image getPaneBackground() {
    return m_paneBackground;
  }
}

class ImageTabbedPaneUI extends BasicTabbedPaneUI 
{
  private Image m_image;

  public static ComponentUI createUI(JComponent c) {
    return new ImageTabbedPaneUI();
  }

  public void update(Graphics g, JComponent c) {
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    if (c instanceof ImageTabbedPane) {
      Image paneImage = ((ImageTabbedPane) c).getPaneBackground();
      int w = c.getWidth();
      int h = c.getHeight();
      int iw = paneImage.getWidth(tabPane);
      int ih = paneImage.getHeight(tabPane);
      if (iw > 0 && ih > 0) {
        for (int j=0; j < h; j += ih) {
          for (int i=0; i < w; i += iw) {
            g.drawImage(paneImage,i,j, tabPane);
          }
        }
      }
    }
    paint(g,c);
  }

  public void paint(Graphics g, JComponent c) {
    if (c instanceof ImageTabbedPane)
      m_image = ((ImageTabbedPane) c).getTabBackground();
    super.paint(g,c);
  }

  protected void paintTabBackground(Graphics g, int tabPlacement,
   int tabIndex, int x, int y, int w, int h, boolean isSelected ) 
  {
    Color tp = tabPane.getBackgroundAt(tabIndex);
    switch(tabPlacement) {
      case LEFT:
        g.drawImage(m_image, x+1, y+1, (w-2)+(x+1), (y+1)+(h-3),
          0, 0, w, h, tp, tabPane);
        break;
      case RIGHT:
        g.drawImage(m_image, x, y+1, (w-2)+(x), (y+1)+(h-3),
          0, 0, w, h, tp, tabPane);
        break;
      case BOTTOM:
        g.drawImage(m_image, x+1, y, (w-3)+(x+1), (y)+(h-1),
          0, 0, w, h, tp, tabPane);
        break;
      case TOP:
        g.drawImage(m_image, x+1, y+1, (w-3)+(x+1), (y+1)+(h-1),
          0, 0, w, h, tp, tabPane);
    }
  }
}

Understanding the Code

Class TabbedPaneDemo

W e have replaced the JTabbedPane instance with an instance ofourcustom ImageTabbedPane class.

This class’s constructor takes two ImageIcons as parameters. The first represents the tab background and the 

second represents the pane background:

m_tabbedPane = new ImageTabbedPane(
          new ImageIcon("bloo.gif"), 
          new ImageIcon("bubbles.jpg"));
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W e’ve also modified the createTab() m ethod to make the tab foreground textwhite because the tab

background image we are using is dark.

Class ImageTabbedPane

ThisJTabbedPane subclassisresponsible forkeeping two Image variablesthatrepresentourcustom tab

background and panebackground properties.Theconstructortakestwo ImageIconsasparameters,extracts

the Images,and assigns them to these variables.It calls setUI() to enforce the use of our custom

ImageTabbedPaneUI delegate.This class also defines set() and get() accessors for both Image

properties.

Class ImageTabbedPaneUI

This class extends BasicTabbedPaneUI and maintains an Image variable for use in painting tab

backgrounds. The creatUI() method is overridden to return an instance of itself (remember that this method 

was used in the ImageTabbedPane constructor):

  public static ComponentUI createUI(JComponent c) {
    return new ImageTabbedPaneUI();
  }

Theupdate() method, as we discussed above, is responsible for filling the pane background and then calling 

paint().So weoverrideitto perform atiling ofthe pane background image.Firstwe grab a reference to

that image check its dimensions. If any are found to be 0 or less we do not go through with painting procedure. 

Otherwisewetilearegionofthepaneequalinsizetothecurrentsizeofthe ImageTabbedPane itself.Note

that in order to get the width and height of an Image we use the following method calls:

      int iw = paneImage.getWidth(tabPane);
      int ih = paneImage.getHeight(tabPane);

(The tabPane reference is protected in BasicTabbedPaneUI and we use itforthe ImageObsever

here--itis a reference to the JTabbedPane componentbeing rendered.)Once the tiling is done we call

paint().

The paint() m ethod simply assigns this class’s tab background Image variable to that of the

ImageTabbedPane being painted.Itthen callsitssuperclass’spaint() m ethod which we do notconcern

ourselveswith--letalonefully understand!W hatwedo know isthatthesuperclass’spaint() m ethod calls

its paintTab() m ethod,which in turn calls its paintTabBackground() m ethod,which is actually

responsible forfilling the background of each tab.So we overrode thismethod to use ourtab background

Image instead.Thismethodspecifiesfourcasesbasedonwhichlayoutmodethe JTabbedPane isin:LEFT,

RIGHT,BOTTOM,TOP.Thesecaseswereobtained directly from the BasicTabbedPaneUI sourcecodeand

we did not modify their semantics at all. W hat we did modify is what each case does. 

W eusethe drawImage() m ethod ofthe awt.Graphics classisused to fillarectangularareadefined by

thefirstfourint parameters(which representtwo points). Thesecond fourint parametersspecify an area

of the Image (passed in as the first parameter) that will be scaled and mapped onto the above rectangular area. 

The last parameter represents an ImageObserver instance.

Note: A more professional implementation would tile the images used in painting the tab background--this
implementation assumes that a large enough image will be used to fill a tab’s background of any size.
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Running the Code:

Figures 6.2 and 6.3 show TabbedPaneDemo in action. To deploy this applet you can use the same HTM L file 

that was used in the previous example. Try out all different tab positions. 

Notethattheimagesused areonly used within the paint() and update() m ethodsofourUIdelegate.In

thisway wekeep with Swing’sUI delegate/componentseparation.OneinstanceofImageTabbedPaneUI

could beassigned to multiple ImageTabbedPane instancesusing differentImages,and therewould beno

conflicts.Also note thatthe images are loaded only once (when an instance of ImageTabbedPaneUI is

created) so the resource overhead is minimal.

UI Guideline : Custom  Tabs Look &  Feel

After reading Chapter 21 on Custom LookandFeel,youmayliketoreconsidercustomisingtheTabbedPanestyles.
Therearemany possibilitieswhich areworthy ofconsideration.ForexampletheOS2 W arp styleofscrolling
tabs.Thisisparticularly good where you cannotafford to give away screen space foran additionalrow or
columnoftabs.Anotherpossibilityistofixthesizeofatab.Currentlytabssizeofthewidthofthelabelwhich
is largely controlled by the length of text and font selected. Thislendsgreatergraphicalweighttotabswithlong
labels.Thesizeofthevisualtargetisgreaterand thereforetabswith long labelsareeasierto select than tabs
with shortlabels.You may like to considera tab which fixesa standard size,thusequalising the size ofthe
targetand avoiding biasing the usability toward the longerlabelled tabs.Furtherpossibilities are tabs with
colourand tabs with icons to indicate usefulinformation such as "updated" or"new" or"mandatory input
required".
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Chapter 7. Scrolling Panes
In this chapter:

• JScrollPane

• Grab-and-drag scrolling

• Programmatic scrolling

7.1 JScrollPane

class javax.swing.JScrollPane

Using JScrollPane is normally very simple. Any component or container can be placed in a
JScrollPane and scrolled.Simply createaJScrollPane by passing itsconstructorthecomponentyou’d
like to scroll:

    JScrollPane jsp = new JScrollPane(myLabel);

Normally,ouruseofJScrollPane willnotbemuchmoreextensivethantheonelineofcodeshownabove.
The following is a simpleJScrollPane demo appliction. Figure 7.1 illustrates:

Figure 7.1 JScrollPane dem o

<<file figure7-1.gif>>

The Code: ScrollPaneDem o.java
see\Chapter7\1

import java.awt.*;
import javax.swing.*;

public class ScrollPaneDemo extends JFrame 
{
  public ScrollPaneDemo() {
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    super("JScrollPane Demo");
    ImageIcon ii = new ImageIcon("earth.jpg");
    JScrollPane jsp = new JScrollPane(new JLabel(ii));
    getContentPane().add(jsp);
    setSize(300,250);
    setVisible(true);
  }

  public static void main(String[] args) { 
    new ScrollPaneDemo();
  }
}

W hen you run thisexampletry scrolling by pressing orholding down any ofthescrollbarbuttons.You will
find thisunacceptably slow becausethescrolling occursonepixelatatim e.W ewillseehow to controlthis
shortly.

M anycomponentsuseaJScrollPane internally to display theircontents,such asJComboBox and JList.
W e are normally expected to place allmulti-line textcomponents inside scrollpanes (although this is not
default behavior).

UI Guideline : Using Scroll Panes

Formanyapplicationsitisbesttoavoidtheintroductionofascrollpaneandconcentrateonputingtherequireddata
on a screen such thatscrolling isunnecessary.However,thisisnotalwayspossible.W hen you do need to
introducescrollingputsomethoughtintothetypeofdataandapplication.Ifpossibletrytointroducescrolling
in only 1 direction.Forexample,with textdocuments,western culture hasbeen used to scrolling vertically
since Egyptian times.Usability studies forW orld W ide W eb pages have shown thatreaders can find data
quickly when vertically scrolling.Scrolling horizontally,however,islabouriousand difficultwith text.Try to
avoid it. W ith visual information, e.g. tables of information, itmaybemoreappropriateforhorizontalscrolling,
but try to avoid horizontal and vertical scrolling if possible.

W e can access a JScrollPane’s scroll bars directly with its getXXScrollBar() and
setXXScrollBar() methods, where XX is either HORIZONTAL or VERTICAL.

Reference: In chapter 13 we’ll talk more about JScrollBars

7.1.1 Scrollbar policies

abstract interface javax.swing.ScrollPaneConstants

W ecan specify specificpoliciesforwhen and when notto display a JScrollPane’shorizontaland vertical
scrollbars. W e simply use its setVerticalScrollBarPolicy() and
setHorizontalScrollBarPolicy() methods, provding one of three constants defined in the
ScrollPaneConstants interface:

    HORIZONTAL_SCROLLBAR_AS_NEEDED
    HORIZONTAL_SCROLLBAR_NEVER
    HORIZONTAL_SCROLLBAR_ALWAYS
    VERTICAL_SCROLLBAR_AS_NEEDED
    VERTICAL_SCROLLBAR_NEVER
    VERTICAL_SCROLLBAR_ALWAYS

For example,to enforce the display of the verticalscrollbar atalltimes and always keep the horizontal
scrollbar hidden, we could do the following:
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    jsp.setHorizontalScrollBarPolicy(
      ScrollPaneConstants.HORIZONTAL_SCROLLBAR_NEVER);

    jsp.setVerticalScrollBarPolicy(
      ScrollPaneConstants.VERTICAL_SCROLLBAR_ALWAYS);

7.1.2 JViewport

class javax.swing.JViewport

TheJViewport classisthecontainerthatisreally responsiblefordisplaying aspecificvisibleregion ofthe
component in JScrollPane. W e can set/get a viewport’s view (the component it contains) using its
setView() and getView() methods.W e can controlhow much ofthiscomponentJViewport displays
by setting its extentsize to a specified Dimension using its setExtentSize() method.W e can also
specify where theorigin(upperleftcorner)ofaJViewport shouldbegindisplayingitscontainedcomponent
by providing specific coordinates(asa Point)ofthe contained componentto the setViewPosition()
method.In fact,when we scrolla componentin a JScrollPane this view position is constantly being
changed by the scrollbars. 

Note:JViewport enforcesaview position thatlieswithin theview componentonly.W ecannotsetnegativeor
extremely largeview positions(asofJDK1.2.2 wecan setnegativeview positions).However,sincetheview
position istheupperrighthand corneroftheviewport,wearestillallowed to settheview position such that
onlypartoftheviewportisfilled.W ewillshow how towatch forthis,and stop itfrom happening,in someof
the examples below.

W henevera change is made to the position orsize ofthe visible portion ofthe view,JViewport fires
ChangeEvents. W e can register ChangeListeners to capture these events using JViewport’s
addChangeListener() method.These are the only events thatare associated with JScrollPane by
default.Forinstance,wheneverwescrollusing JScrollPane’sscrollbars,itsmain viewport,aswellasits
row and column header viewports (see below), will each fire ChangeEvents.

The visible region of JViewport‘s view can be retrieved as a Rectangle or Dimension instance using the 
getViewRect() and getViewSize() methodsrespectively.Thiswillgiveusthecurrentview position as
wellasthe extentwidth and hieght.The view position alone can be retrieved with getViewPosition(),
which returns a Point instance. To remove a component from JViewport we use itsremove() method.

W ecan translatespecificJViewport coordinatesto thecoordinatesofitscontained componentby passing a
Point instance to its toViewCoordinates() method.W e can do the same for a region by passing
toViewCoordinates() a Dimension instance.W e can also manually specify the visible region ofthe
view component by passing a Dimension instance to JViewport’sscrollRectToVisible() method.

W e can retreive JScrollPane’smain JViewport by calling itsgetViewport() method,orassign ita
new oneusing setViewport().W ecan replacethecomponentin thisviewportthrough JScrollPane’s
setViewportView() method,butthere is no getViewportView() counterpart.Instead we mustfirst
accessitsJScrollPane’sJViewport by calling getViewport(),and then callgetView() on that(as
discussed above). Typically, to access a JScrollPane’smain child component we would do the following:

    Component myComponent = jsp.getViewport().getView();
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7.1.3 ScrollPaneLayout

class javax.swing.ScrollPaneLayout

By defaultJScrollPane’slayoutismanaged by an instanceofScrollPaneLayout.JScrollPane can
contain up to nine componentsand itis ScrollPaneLayout’sjob to make sure thatthey are positioned
correctly. These components are: 

A JViewport containing the main component to be scrolled.

A JViewport used asthe row header.Thisviewport’sview position changesvertically in sync with the
main viewport.

A JViewport used asthecolumnheader.Thisviewport’sview position changeshorizontally in syncwith
themain viewport.

Four components for placement in each corner of the scroll pane.

TwoJScrollBars for vertical and horizontal scrolling.

Thecornercomponentswillonlybevisibleifthescrollbarsandheaderssurroundingthem arealsovisible.To
assign a componentto a cornerposition we can callJScrollPane’ssetCorner() method.Thismethod
takes both a String and a componentas parameters.The String is used to identify which cornerthis
componentis to be placed in,and is recognized by ScrollPaneLayout.In factScrollPaneLayout
identifies each JScrollPane component with a unique String. Figure 7.2 illustrates:

Figure 7.2 JScrollPane com ponents as identified by ScrollPaneLayout

<<file figure7-2.gif>>

To assign JViewports as the row and column headers we use JScrollPane’s setRowHeader() and
setColumnHeader() methodsrespectively.W ecan also avoid thecreation ofa JViewport ourselvesby
passing the component to be placed in the row or column viewport to JScrollPane’s
setRowHeaderView() or setColumnHeaderView() methods.

Because JScrollPane ismostoften used to scrollimages,the mostobvioususe forthe row and column
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headersisto function assomesortofruler.Herewepresentabasicexampleshowing how to populateeach
cornerwith alabeland createsom esimplerulersfortherow and column headersthatdisplay ticksevery 30
pixels, and render themselves based on their current viewport position. Figure 7.3 illustrates:

Figure 7.3 JScrollPane dem o w ith 4 corners, row  header, and colum n header.

<<filefigure7-3.gif>>

The Code: HeaderDem o.java
see\Chapter7\2

import java.awt.*;
import javax.swing.*;

public class HeaderDemo extends JFrame 
{
  public HeaderDemo() {
    super("JScrollPane Demo");
    ImageIcon ii = new ImageIcon("earth.jpg");
    JScrollPane jsp = new JScrollPane(new JLabel(ii));

    JLabel[] corners = new JLabel[4]; 
    for(int i=0;i<4;i++) {
      corners[i] = new JLabel();
      corners[i].setBackground(Color.yellow);
      corners[i].setOpaque(true);
      corners[i].setBorder(BorderFactory.createCompoundBorder(
        BorderFactory.createEmptyBorder(2,2,2,2),
        BorderFactory.createLineBorder(Color.red, 1)));
    }

    JLabel rowheader = new JLabel() {
      Font f = new Font("Serif",Font.ITALIC | Font.BOLD,10);
      public void paintComponent(Graphics g) {
        super.paintComponent(g);
        Rectangle r = g.getClipBounds();
        g.setFont(f);
        g.setColor(Color.red);
        for (int i = 30-(r.y % 30);i<r.height;i+=30) {
          g.drawLine(0, r.y + i, 3, r.y + i);
          g.drawString("" + (r.y + i), 6, r.y + i + 3);
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        }
      }
      public Dimension getPreferredSize() {
        return new Dimension(
         25, (int)label.getPreferredSize().getHeight());
      }
    };
    rowheader.setBackground(Color.yellow);
    rowheader.setOpaque(true);

    JLabel columnheader = new JLabel() {
      Font f = new Font("Serif",Font.ITALIC | Font.BOLD,10);
      public void paintComponent(Graphics g) {
        super.paintComponent(g);
        Rectangle r = g.getClipBounds();
        g.setFont(f);
        g.setColor(Color.red);
        for (int i = 30-(r.x % 30);i<r.width;i+=30) {
          g.drawLine(r.x + i, 0, r.x + i, 3);
          g.drawString("" + (r.x + i), r.x + i - 10, 16);
        }
      }
      public Dimension getPreferredSize() {
        return new Dimension(
         (int)label.getPreferredSize().getWidth(),25);
      }
    };
    columnheader.setBackground(Color.yellow);
    columnheader.setOpaque(true);

    jsp.setRowHeaderView(rowheader);
    jsp.setColumnHeaderView(columnheader);
    jsp.setCorner(JScrollPane.LOWER_LEFT_CORNER, corners[0]);
    jsp.setCorner(JScrollPane.LOWER_RIGHT_CORNER, corners[1]);
    jsp.setCorner(JScrollPane.UPPER_LEFT_CORNER, corners[2]);
    jsp.setCorner(JScrollPane.UPPER_RIGHT_CORNER, corners[3]);

    getContentPane().add(jsp);
    setSize(400,300);
    setVisible(true);
  }

  public static void main(String[] args) { 
    new HeaderDemo();
  }
}

Noticethattherow and column headersusethegraphicsclipping areain theirpaintComponent() routine
foroptimalefficiency.W ealsooverridethegetPreferredSize() methodsothattheproperwidth(forthe
row header)and height(forthecolumn header)willbeused by ScrollPaneLayout.Theotherdimensions
are obtained by simply grabbing the label’s preferred size, as they are completely controlled by
ScrollPaneLayout.

W earecertainly notlimited to labelsforcornersand row headersorwithin themain viewportitself.Aswe
mentioned in thebeginning ofthischapter,any comoponentcan beplaced in a JViewport and scrolled in a
JScrollPane.

7.1.4. The Scrollable interface

TheScrollable interfacedescribesfivemethodsthatallow usto customizehow JScrollPane scrollsits
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contents.Specifically,by implementing thisinterface we can specify how many pixelsare scrolled when a
scrollbarbutton orscrollbarpaging area (theempty region between thescrollbarthumb and thebuttons)is
pressed.There are two methodsthatcontrolthisfunctionality:getScrollableBlockIncrement() and
getScrollableUnitIncrement().The formerisused to return the amountto scrollwhen a scrollbar
paging area is pressed, the latter is used when the button is pressed. 

Reference:In textcomponents,thesetwo methodsareimplemented so thatscrolling willmoveonelineoftextata
time. (JTextComponent implements the Scrollable interface.)

The otherthree methodsofthisinterface involve JScrollPane’scommunication with the main viewport.
The getScrollableTracksViewportWidth() and getScrollableTracksHeight() methodscan
return true to disable scrolling in the horizontalorverticaldirection respecively.Normally these justreturn
false. The getPreferredSize() method is supposed to return the preferred size oftheviewportthatwill
contain thiscomponent(the componentimplementing the Scrollable interface).Normally we justreturn
the preferred size of the component for this.

Thefollowing codeshowshow to implementthe Scrollable interfaceto createacustom JLabel whose
unitand block increments willbe 10 pixels.As we saw in the example in the beginning ofthis chapter,
scrolling onepixelatatimeistediousatbest.Increasing thisto a10 pixelincrementprovidesamorenatural
feel.

The Code: ScrollableDem o.java
see\Chapter7\3

import java.awt.*;
import javax.swing.*;

public class ScrollableDemo extends JFrame
{
  public ScrollableDemo() {
    super("JScrollPane Demo");
    ImageIcon ii = new ImageIcon("earth.jpg");
    JScrollPane jsp = new JScrollPane(new MyScrollableLabel(ii));
    getContentPane().add(jsp);
    setSize(300,250);
    setVisible(true);
  }

  public static void main(String[] args) { 
    new ScrollableDemo();
  }
}

class MyScrollableLabel extends JLabel implements Scrollable 
{
  public MyScrollableLabel(ImageIcon i){
    super(i);
  }

  public Dimension getPreferredScrollableViewportSize() {
    return getPreferredSize();
  }

  public int getScrollableBlockIncrement(Rectangle r, 
    int orietation, int direction) {
      return 10;
  }
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  public boolean getScrollableTracksViewportHeight() {
    return false;
  }

  public boolean getScrollableTracksViewportWidth() {
    return false;
  }

  public int getScrollableUnitIncrement(Rectangle r, 
    int orientation, int direction) {
      return 10;
  }
}

7.2 Grab-and-drag scrolling
M any paintprogramsand documentreaders(such asAdobeAcrobat)supportgrab-and-drag scrolling.Thisis
theability to click on an imageand drag itin any direction with themouse.Itisfairly simpleto implement,
however,we musttake care to make the operation smooth withoutallowing the view to be scrolled pastits
extremities.JViewport takescare ofthe negative direction forus,asitdoesnotallow the view position
coordinatesto belessthan 0.Butitwillallow usto changetheview position to very largevalues,which can
result in the viewport displaying a portion of the view smaller than the viewport itself.

Note: As of JDK1.2.2 we are allowed to specify negative view position coordinates.

W e’vemodified the simple example from the beginning of this chapter to support grab-and-drag scrolling.

The Code: GrabAndDragDem o.java
see\Chapter7\4

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;

public class GrabAndDragDemo extends JFrame 
{
  public GrabAndDragDemo() {
    super("Grab-and-drag Demo");
    ImageIcon ii = new ImageIcon("earth.jpg");
    JScrollPane jsp = new JScrollPane(new GrabAndScrollLabel(ii));
    getContentPane().add(jsp);
    setSize(300,250);
    setVisible(true);

    WindowListener l = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(l);
  }

  public static void main(String[] args) { 
    new GrabAndDragDemo();
  }
}
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class GrabAndScrollLabel extends JLabel
{
  public GrabAndScrollLabel(ImageIcon i){
    super(i);
    MouseInputAdapter mia = new MouseInputAdapter() {
      int m_XDifference, m_YDifference;
      Container c;

      public void mouseDragged(MouseEvent e) {
     c = GrabAndScrollLabel.this.getParent();

        if (c instanceof JViewport) {
          JViewport jv = (JViewport) c;
          Point p = jv.getViewPosition();
          int newX = p.x - (e.getX()-m_XDifference);
          int newY = p.y - (e.getY()-m_YDifference);

          int maxX = GrabAndScrollLabel.this.getWidth() 
- jv.getWidth();

          int maxY = GrabAndScrollLabel.this.getHeight() 
- jv.getHeight();

          if (newX < 0)
            newX = 0;
          if (newX > maxX)
            newX = maxX;
          if (newY < 0)
            newY = 0;
          if (newY > maxY)
            newY = maxY;

          jv.setViewPosition(new Point(newX, newY));
        }
      }

      public void mousePressed(MouseEvent e) {
   setCursor(Cursor.getPredefinedCursor(

          Cursor.MOVE_CURSOR));
        m_XDifference = e.getX();
        m_YDifference = e.getY();
      }

      public void mouseReleased(MouseEvent e) {
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
      }
    };
    addMouseMotionListener(mia);
    addMouseListener(mia);
  }
}

Understanding the Code:

Class GrabAndScrollLabel

This class extends JLabel and overrides the JLabel(Imageicon ii) constructor. The
GrabAndScrollLabel constructorstartsby calling the superclassversion and then proceedsto setup a
MouseInputAdapter. This adapter is the heart of the GrabAndScrollLabel class.

The adapter uses three variables:

int m_XDifference: x coordinate saved on a mouse press event and used for dragging horizontally
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int m_YDifference: y coordinate saved on a mouse press event and used for dragging vertically

Container c: used to hold a local reference to the parent container in the mouseDragged() method.

The mousePressed() method changes the cursorto MOVE_CURSOR,and stores the eventcoordinates in
variablesm_XDifference and m_YDifference to be use in mouseDragged().

The mouseDragged() method firstgrabsa reference to the parentand checksifitisa JViewport.Ifit
isn’t we do nothing. If it is we store the current view position and calculate the new view position the drag will 
bring us into:

        Point p = jv.getViewPosition();
        int newX = p.x - (e.getX()-m_XDifference);
        int newY = p.y - (e.getY()-m_YDifference);

W hen dragging components,normally thiswould beenough (aswewillseein futurechapters),howeverwe
mustmake sure thatwe do notmove this labelin such a way thatthe viewportis notfilled by it.So we
calculatethemaximum allowablexandycoordinatesbysubtractingtheviewportdimensionsfrom thesizeof
this label (since the view position coordinates are upper-left hand corner):

        int maxX = GrabAndScrollLabel.this.getWidth() 
- jv.getWidth();

        int maxY = GrabAndScrollLabel.this.getHeight()
- jv.getHeight();

The remainderofthis method compares the newX and newY values with the maxX and maxY values,and
adjusts the view position accordingly.If newX or newY is ever greater than the maxX or maxY values
respectively,weusethemaxvaluesinstead.IfnewX ornewY iseverlessthan 0 (whichcanhappenonlywith
JDK1.2.2), we use 0 instead. This is necessary to allow smooth scrolling in all situations.

7.3 Scrolling programmatically
W e are certainly not required to use a JScrollPane for scrolling. W e can place a component in a
JViewport and controlthescrolling ourselvesifwelike.ThisiswhatJViewport wasdesigned for,itjust
happens tobeusedby JScrollPane aswell.W e’veconstructedthisexam pletoshow how toimplementour
own scrolling in a JViewport.Fourbuttons are used forscrolling.W e enable and disable these buttons
based on whether the view componentis atany of its extremities.These buttons are assigned keyboard
mnemonics which we can use as an alternative to clicking.

Thisexamplealso showshow to useaChangeListener to captureChangeEventsthatarefired when the
JViewport changesstate.The reason we need to capture these eventsisthatwhen ourviewportisresized
biggerthan its view componentchild,the scrolling buttons should become disabled.Ifthese buttons are
disabled and the viewportisthen resized so thatitisno longerbiggerthan itschild view component,the
buttonsshould then become enabled.Itisquite simple to capture and processthese eventsasyou willsee
below.(Aswith allofthe exampleswe have presented,itmay help ifyou run thisexample before stepping
through the code.)
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Figure 7.4 Program m atic scrolling w ith JView port.

<<file figure7-4.gif>>

The Code: ButtonScroll.java
see\Chapter7\5

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;
import javax.swing.event.*;

public class ButtonScroll extends JFrame 
{
  protected JViewport m_viewport;
  protected JButton m_up;
  protected JButton m_down;
  protected JButton m_left;
  protected JButton m_right;

  protected int m_pgVert;
  protected int m_pgHorz;

  public ButtonScroll() {
    super("Scrolling Programmatically");
    setSize(400, 400);
    getContentPane().setLayout(new BorderLayout());

    ImageIcon shuttle = new ImageIcon("shuttle.gif");
    m_pgVert = shuttle.getIconHeight()/5;
    m_pgHorz = shuttle.getIconWidth()/5;
    JLabel lbl = new JLabel(shuttle);
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    m_viewport = new JViewport();
    m_viewport.setView(lbl);
    m_viewport.addChangeListener(new ChangeListener() {
      public void stateChanged(ChangeEvent e) {
        enableButtons(
          ButtonScroll.this.m_viewport.getViewPosition());
      }
    });
    getContentPane().add(m_viewport, BorderLayout.CENTER);

    JPanel pv = new JPanel(new BorderLayout());
    m_up = createButton("up", 'u');
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        movePanel(0, -1);
      }
    };
    m_up.addActionListener(lst);
    pv.add(m_up, BorderLayout.NORTH);

    m_down = createButton("down", 'd');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        movePanel(0, 1);
      }
    };
    m_down.addActionListener(lst);

pv.add(m_down, BorderLayout.SOUTH);
    getContentPane().add(pv, BorderLayout.EAST);

    JPanel ph = new JPanel(new BorderLayout());
    m_left = createButton("left", 'l');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        movePanel(-1, 0);
      }
    };
    m_left.addActionListener(lst);
    ph.add(m_left, BorderLayout.WEST);

    m_right = createButton("right", 'r');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 

movePanel(1, 0);
      }
    };
    m_right.addActionListener(lst);
    ph.add(m_right, BorderLayout.EAST);
    getContentPane().add(ph, BorderLayout.SOUTH);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
    movePanel(0, 0);
  }

  protected JButton createButton(String name, char mnemonics) {
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    JButton btn = new JButton(new ImageIcon(name+"1.gif"));
 btn.setPressedIcon(new ImageIcon(name+"2.gif"));

    btn.setDisabledIcon(new ImageIcon(name+"3.gif"));
    btn.setToolTipText("Move "+name);
    btn.setBorderPainted(false);
    btn.setMargin(new Insets(0, 0, 0, 0));
    btn.setContentAreaFilled(false);
   btn.setMnemonic(mnemonics);
    return btn;
  }

  protected void movePanel(int xmove, int ymove) {
    Point pt = m_viewport.getViewPosition();
    pt.x += m_pgHorz*xmove;
    pt.y += m_pgVert*ymove;

    pt.x = Math.max(0, pt.x);
    pt.x = Math.min(getMaxXExtent(), pt.x);
    pt.y = Math.max(0, pt.y);
    pt.y = Math.min(getMaxYExtent(), pt.y);

    m_viewport.setViewPosition(pt);
    enableButtons(pt);
  }

  protected void enableButtons(Point pt) {
    if (pt.x == 0)
      enableComponent(m_left, false);
    else enableComponent(m_left, true);

    if (pt.x >= getMaxXExtent())
      enableComponent(m_right, false);
    else enableComponent(m_right, true);

    if (pt.y == 0)
      enableComponent(m_up, false);
    else enableComponent(m_up, true);

   if (pt.y >= getMaxYExtent())
      enableComponent(m_down, false);
    else enableComponent(m_down, true);
  }

  protected void enableComponent(JComponent c, boolean b) {
    if (c.isEnabled() != b)
      c.setEnabled(b);
  }

  protected int getMaxXExtent() {
    return m_viewport.getView().getWidth()-m_viewport.getWidth();
  }

  protected int getMaxYExtent() {
    return m_viewport.getView().getHeight()-m_viewport.getHeight();
  }

  public static void main(String argv[])  {
    new ButtonScroll();
 }
}
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Understanding the Code

Class ButtonScroll

Several instance variables are declared:

JViewport m_viewport: viewport to display a large image.

JButton m_up: push button to scroll up programmatically.

JButton m_down: push button to scroll down programmatically.

JButton m_left: push button to scroll left programmatically.

JButton m_right: push button to scroll right programmatically.

int m_pgVert: number of pixels for a vertical scroll.

int m_pgHorz: number of pixels for a horizontal scroll.

TheconstructoroftheButtonScroll classcreatesand initializestheGUIcomponentsforthisexample.A
BorderLayout is used to manage the components in this frame's content pane. JLabel lbl holding a large 
image is placed in the viewport, m_viewport, to provide programmatic viewing capabilities. This
JViewport is added to the center of our frame.

Aswementionedabove,weneedtocapturetheChangeEventsthatarefiredwhenourJViewport changes
size so that we can enable and disable our buttons accordingly. W e do this by simply attaching a
ChangeListener to our viewport and call our enableButtons() method (see below) from
stateChanged():

    m_viewport.addChangeListener(new ChangeListener() {
      public void stateChanged(ChangeEvent e) {
        enableButtons(

       ButtonScroll.this.m_viewport.getViewPosition());
      }
    });

Twobuttonsm_up and m_down arecreatedforscrollingintheverticaldirection.M ethod createButton()
isused to createanew JButton componentand setagroup ofpropertiesforit (seebelow).Each ofthenew
buttonsreceivesan ActionListener which callsthemovePanel() method in responseto amouseclick.
Thesetwo buttonsareadded to theintermediatecontainer,JPanel pv,which isadded to the EAST sideof
ourframe’s contentpane.Similarly,two buttons,m_left and m_right,are created forscrolling in the
horizontal direction and added to the SOUTH region of the content pane.

M ethod createButton() createsa new JButton componentand setsa group ofpropertiesforit.This
methodtakestwoparameters:thenameofthescrollingdirectionasa String andthebutton'smnemonicasa
char. This method assumes that three image files are prepared:

name1.gif: the default icon.

name2.gif: the pressed icon.

name3.gif: the disabled icon.

These images are loaded as ImageIcons and attached to the button with the associated setXX() method:

        JButton btn = new JButton(new ImageIcon(name+"1.gif"));
        btn.setPressedIcon(new ImageIcon(name+"2.gif"));
        btn.setDisabledIcon(new ImageIcon(name+"3.gif"));
        btn.setToolTipText("Moves "+name);
        btn.setBorderPainted(false);
        btn.setMargin(new Insets(0, 0, 0, 0));
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        btn.setContentAreaFilled(false);
        btn.setMnemonic(mnemonic);
        return btn;

Then we remove any border or content area painting,so the presentation of our button is completely
determined by our icons. Finally we set the tool tip text and mnemonic and return that component instance.

M ethodmovePanel() programmatically scrolls the image in the viewport in the direction determined bytwo
parameters:xmove and ymove.Theseparameterscanhavevalues-1,0,or1.To determinetheactualamount
ofscrolling wemultiply theseparametersby m_pgHorz (m_pgVert).LocalvariablePoint pt determines
anew viewportposition.Itislimitedsotheresulting view willnotdisplay any empty space(notbelonging to
the displaying image),similarto how we enforce the viewportview position in the grab-and-drag scrolling
example above. Finally, method setViewPosition() is called to scroll to the new position and
enableButtons() enables/disables buttons according to the new position:

    Point pt = m_viewport.getViewPosition();
    pt.x += m_pgHorz*xmove;
    pt.y += m_pgVert*ymove;

    pt.x = Math.max(0, pt.x);
    pt.x = Math.min(getMaxXExtent(), pt.x);
    pt.y = Math.max(0, pt.y);
    pt.y = Math.min(getMaxYExtent(), pt.y);

    m_viewport.setViewPosition(pt);
    enableButtons(pt);

M ethod enableButtons() disablesabutton ifscrolling in thecorresponding direction isnotpossibleand
enablesitotherwise.Forexample,ifthe viewportposition’sx coordinate is0 we can disable the scrollleft
button (remember that the view position will never be negative, as enforced by JViewport):

    if (pt.x <= 0)
    enableComponent(m_left, false);

    else enableComponent(m_left, true);

...Similarly,ifthe viewportposition’s x coordinate is greaterthan orequalto ourmaximum allowable x
position (determined by getMaxXExtent()) we disable the scroll right button:

    if (pt.x >= getMaxXExtent())
      enableComponent(m_right, false);
    else enableComponent(m_right, true);

M ethods getMaxXExtent() and getMaxYExtent() return the maximum coordinates available for
scrolling in the horizontal(verticaldirection) by subtracting the appropriate viewportdimension from the
appropriate dimension of the child component.

Running the Code

Note: The shuttle image for this example was found at http://shuttle.nasa.gov/sts-95/images/esc/

Note how differentimagescompletely determine the presentation ofourbuttons.Pressthe buttonsand note
how the image isscrolled programmatically.Use the keyboard mnemonic asan alternative way to pressthe
buttons,and note how thismnemonic isdisplayed in the tooltip text.Note how a button isdisabled when
scrollinginthecorrespondingdirectionisnolongeravailable,andareenabledotherwise.Now tryresizingthe
frameandnotehow thebuttonswillchangestatedependingonwhethertheviewportisbiggerorsmallerthan
its child component.
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Chapter 8. Split Panes
In this chapter:

• JSplitPane

• Basic split pane example

• Gasmodel simulation using a split pane

8.1 JSplitPane

class javax.swing.JSplitPane

Splitpanesallow theuserto dynamically changethesizeoftwo ormorecomponentsdisplayed side-by-side
(withinawindow oranotherpanel).Specialdividerscan bedragged with themouseto increasespaceforone
componentand decreasethedisplay spaceforanother. Notethatthetotaldisplay areadoesnotchange.This
givesapplicationsamoremodernandsophisticated view.A familiarexampleisthecombination ofatreeand
atableseparated by ahorizontaldivider(e.g.fileexplorer-likeapplications).TheSwing framework forsplit
panes consists only of JSplitPane.

JSplitPane can hold two components separated by a horizontalorverticaldivider.The components on
either side of a JSplitPane can be added either in one of the constructors, or with the proper
setXXComponent() methods(whereXX issubstituted by Left,Right,Top,orBottom).W e can also
set the orientation at run-time using its setOrientation() method.

The dividerbetween the side componentsrepresentsthe only visible partof JSplitPane.It'ssize can be
managed with the setDividerSize() method, and its position by the two overloaded
setDividerLocation() methods(which takean absolutelocation in pixelsorproportionallocation asa
double).The dividerlocation methods have no affectuntil JSplitPane is displayed.JSplitPane also
maintainsaoneTouchExpandable property which,when true,placestwo smallarowsinsidethedivider
that will move the divider to its extremities when clicked.

UI Guideline : Resizable Panelled Display

Splitpane becomesreally usefulwhen yourdesign haspanelled the display forease ofuse butyou (asdesigner)
have no controloverthe actualwindow size.The Netscape e-mailreaderisa good example ofthis.A split
paneisintroducedtolettheuservarythesizeofthemessageheaderpanelagainstthesizeofthemessagetext
panel.

An interesting featureofthe JSplitPane componentisthatyou can specify whetherornotto repaintside
components during the divider'smotion using the setContinuousLayout() method.Ifyou can repaint
componentsfastenough,resizing willhaveamore naturalview with thissetting.Otherwise,thisflag should
be setto false,in which case side componentswillbe repainted only when the divider'snew location is
chosen.In thislattercase,adividerlinewillbeshown asthedividerlocation isdragged to illustratethenew
position.

JSplitPane will not size any of its constituent components smaller than their minimum sizes.If the
minimum size of each component is larger than the size of the splitpane the divider will be effectively disabled 
(unmovable).Also note thatwe can callits resetToPreferredSize() method to resize itschildren to
their preferred sizes, if possible.

UI Guideline : Use Split Pane in conjunction with Scroll Pane
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Itsimportantto useaScrollPaneon thepanelswhich arebeing splitwith theSplitPane.Thescrollbarwillthen
invoke automatically as required when data is obscured as the splitpane is dragged back and forth.The
introductionofthescrollpanegivesthevieweraclearindicationthatthereissomehiddendata.Theycanthen
choose to scroll with the scroll bar or uncover the data using the split pane.

8.2 Basic split pane example
Thisbasic introductory demo shows JSplitPane atwork.W e can manipulate foursimple custom panels
placed in three JSplitPanes:

Figure 8.1 Split Pane exam ple displaying sim ple custom  panels.

<<file figure8-1.gif>>

The Code: SplitSam ple.java
see\Chapter8\1

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;

public class SplitSample extends JFrame
{
  protected JSplitPane m_sp;

  public SplitSample() {
    super("Simple SplitSample Example");
    setSize(400, 400);

    Component c11 = new SimplePanel();
    Component c12 = new SimplePanel();
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    JSplitPane spLeft = new JSplitPane(
      JSplitPane.VERTICAL_SPLIT, c11, c12);
    spLeft.setDividerSize(8);
    spLeft.setContinuousLayout(true);

    Component c21 = new SimplePanel();
    Component c22 = new SimplePanel();
    JSplitPane spRight = new JSplitPane(
      JSplitPane.VERTICAL_SPLIT, c21, c22);

 spRight.setDividerSize(8);
    spRight.setContinuousLayout(true);

    m_sp = new JSplitPane(JSplitPane.HORIZONTAL_SPLIT, 
      spLeft, spRight);
    m_sp.setContinuousLayout(false);
    m_sp.setOneTouchExpandable(true);

    getContentPane().add(m_sp, BorderLayout.CENTER);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  public static void main(String argv[]) {
    new SplitSample();
  }
}

class SimplePanel extends JPanel
{
  public Dimension getPreferredSize() {
    return new Dimension(200, 200);
  }

  public Dimension getMinimumSize() {
    return new Dimension(40, 40);
  }

  public void paintComponent(Graphics g) {
    g.setColor(Color.black);
    Dimension sz = getSize();
    g.drawLine(0, 0, sz.width, sz.height);
    g.drawLine(sz.width, 0, 0, sz.height);
  }
}

Understanding the Code

Class SplitSample

FourinstancesofSimplePanel (seebelow)areused to filla2x2 structure.Two leftcomponents (c11 and
c12)areplaced in thevertically splitspLeft panel.Thetwo rightcomponents (c21 and c22)areplaced in
the vertically splitspRight panel.The spLeft and spRight panels are placed in the horizontally split
m_sp panel.
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Severalpropertiesareassigned to demonstrate JSplitPane’sbehavior.ThecontinuousLayout property
issetto true forspLeft and spRight,and falseform_sp panel.So asthe dividermovesinside the left
and rightpanels,child componentsarerepainted continuously,producing immediateresults.However,asthe
vertical divider is moved it is denoted by a black line until a new positionischosen(i.e.themouseisreleased).
Only then are itschild componentsvalidated and repainted.The firstkind ofbehaviorisrecommended for
simple components thatcan be rendered quickly,while the second is recomended forcomponents whose
repainting can take a significant amount of time.

Also notethatthe oneTouchExpandable property issetto truefortheverticalJSplitPane.Thisplaces
smallarrow widgets on the divider.By pressing these arrows with the mouse we can instantly move the
dividerto the leftmostorrightmostposition.W hen in the leftorright-mostpositions,pressing these arrows
will then move the divider to its most recent location, maintained by the lastDividerLocation property.

Class SimplePanel

SimplePanel represents a simple Swing component to be used in this example. M ethod
paintComponent() draws two diagonal lines across this component. Note that the overridden
getMinimumSize() method definesthe minimum space required forthiscomponent.JSplitPane will
prohibit the user from moving the divider if the resulting child size will become less than its minimum  size.

Note:The arrow widgets associated with the oneTouchExpandable property willmove the divider to the
extreme location without regard to minimum sizes of child components.

Running the Code

Note how child components can be resized with dividers.Also note the difference between resizing with
continuouslayout(sidepanes)and withoutit(centerpane).Play with the “onetouch expandable"widgetsfor
quick expansion and collapse. 

8.3 Gas model simulation using a split pane
In thissection we'lluseJSplitPane foran interesting scientificexperiment:asimulation ofthegasmodel.
Leftand rightcomponents representcontainers holding a two-dimensional"idealgas." The JSplitPane
componentprovides a moveable dividerbetween them.By moving the dividerwe observe how gas reacts
whenitsvolumeischanged.Onlineeducationalsoftwareisever-increasingastheinternetflourishes,andhere
we show how Swing can be used to demonstrate one of the most basic laws of thermodynamics!

Note:Asyou may rememberfrom a physicsorchemistry course,an idealgasisa physicalmodelin which gas
atoms or molecules move in random directions bouncing elastically from a container's bounds. M utual
collisions are negligible. The speed of the atoms depends on gas temperature. Several laws can be
demonstrated with thismodel.One statesthatunderthe condition ofconstanttemperature,multiplication of
pressureP and volumeV is constant: PV = const.

To modelthemotion ofatomswe'llusethreads.So thisexamplealso givesagood exampleofusing several
threads in Swing.
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Figure 8.2 Gas m odel sim ulation show ing m oving atom s.

<<file figure8-2.gif>>

The Code: Split.java
see\Chapter8\2

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class Split extends JFrame implements Runnable
{
  protected GasPanel m_left;
  protected GasPanel m_right;

  public Split() {
    super("Gas Pressure [Split Pane]");
    setSize(600, 300);

    ImageIcon ball1 = new ImageIcon("ball1.gif");
    m_left = new GasPanel(30, ball1.getImage());
    ImageIcon ball2 = new ImageIcon("ball2.gif");
    m_right = new GasPanel(30, ball2.getImage());
    JSplitPane sp = new JSplitPane(
      JSplitPane.HORIZONTAL_SPLIT, m_left, m_right);
    sp.setDividerSize(10);
    sp.setContinuousLayout(true);
    getContentPane().add(sp, BorderLayout.CENTER);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);
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    setVisible(true);

    new Thread(m_left).start();
    new Thread(m_right).start();
    new Thread(this).start();
  }

  public void run() {
    while (true) {
      int p1  = (int)m_left.m_px2;
      int pv1 = p1*m_left.getWidth();
      int p2 = (int)m_right.m_px1;
      int pv2 = p2*m_right.getWidth();
      System.out.println("Left: p="+p1+"\tpv="+pv1+
        "\tRight: p="+p2+"\tpv="+pv2);
      m_left.clearCounters();
      m_right.clearCounters();

      try { 
        Thread.sleep(20000); 
      } 
      catch(InterruptedException e) {}
    }
  }

  public static void main(String argv[]) { new Split(); }
}

class GasPanel extends JPanel implements Runnable
{
  protected Atom[] m_atoms;
  protected Image  m_img;
  protected Rectangle m_rc;

  public double m_px1 = 0;
  public double m_px2 = 0;
  public double m_py1 = 0;
  public double m_py2 = 0;

  public GasPanel(int nAtoms, Image img) {
    setBackground(Color.white);
    enableEvents(ComponentEvent.COMPONENT_RESIZED);

    m_img = img;
    m_atoms = new Atom[nAtoms];
    m_rc = new Rectangle(getPreferredSize());
    for (int k=0; k<nAtoms; k++) {
      m_atoms[k] = new Atom(this);
    }
  }

  public Dimension getPreferredSize() {
    return new Dimension(300, 300);
  }

  public void run() {
    while (true) {
      for (int k=0; k<m_atoms.length; k++)
        m_atoms[k].move(m_rc);
      repaint();

      try { 
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        Thread.sleep(100); 
      } 
      catch(InterruptedException e) {}
    }
  }

  public void paintComponent(Graphics g) {
    g.setColor(getBackground());
    g.fillRect(m_rc.x, m_rc.y, m_rc.width, m_rc.height);

    for (int k=0; k<m_atoms.length; k++)
      g.drawImage(m_img, m_atoms[k].getX(), 
        m_atoms[k].getY(), this);
  }

  protected void processComponentEvent(ComponentEvent e) {
    if (e.getID() == ComponentEvent.COMPONENT_RESIZED) {
      m_rc.setSize(getSize());
      for (int k=0; k<m_atoms.length; k++)

    m_atoms[k].ensureInRect(m_rc);
    }
  }

  public void clearCounters() {
    m_px1 = 0;
    m_px2 = 0;
    m_py1 = 0;
    m_py2 = 0;
  }
}

class Atom
{
  protected double m_x;
  protected double m_y;
  protected double m_vx;
  protected double m_vy;

  protected GasPanel m_parent;

  public Atom(GasPanel parent) {
    m_parent = parent;
    m_x = parent.m_rc.x + parent.m_rc.width*Math.random();
    m_y = parent.m_rc.y + parent.m_rc.height*Math.random();
    double angle = 2*Math.PI*Math.random();

m_vx = 10*Math.cos(angle);
    m_vy = 10*Math.sin(angle);
  }

  public void move(Rectangle rc) {
    double x = m_x + m_vx;
    double y = m_y + m_vy;
    int x1 = rc.x;
    int x2 = rc.x + rc.width;
    int y1 = rc.y;
    int y2 = rc.y + rc.height;
    for (int bounce = 0; bounce<2; bounce++) {
      if (x < x1) {
        x += 2*(x1-x);
        m_vx = - m_vx;
        m_parent.m_px1 += 2*Math.abs(m_vx);
      }
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      if (x > x2) {
        x -= 2*(x-x2);
        m_vx = - m_vx;
        m_parent.m_px2 += 2*Math.abs(m_vx);
      }
      if (y < y1) {
        y += 2*(y1-y);
        m_vy = - m_vy;
        m_parent.m_py1 += 2*Math.abs(m_vy);
      }
      if (y > y2) {
        y -= 2*(y-y2);
        m_vy = - m_vy;
        m_parent.m_py2 += 2*Math.abs(m_vy);

}
    }
    m_x = x;
    m_y = y;
  }

  public void ensureInRect(Rectangle rc) {
    if (m_x < rc.x)
      m_x = rc.x;
    if (m_x > rc.x + rc.width)
      m_x = rc.x + rc.width;
    if (m_y < rc.y)
      m_y = rc.y;
    if (m_y > rc.y + rc.height)

m_y = rc.y + rc.height;
  }

  public int getX() { return (int)m_x; }
  public int getY() { return (int)m_y; }
}

Understanding the Code

Class Split

The constructor of the Split frame creates two instances of the GasPanel class (which models a gas
container,see below)and placesthem in a JSplitPane.Allothercode requireslittle discussion,butwe
mustcommenton onething.Both the Split and GasPanel classesimplementthe Runnable interface,so
threads are created and started to run all three instances.

Reminder:The Runnable interface should be implemented by classeswhich do notintend to use any Thread
functionality otherthan the run() method.In such a case we don'thave to sub-class the Thread class.
Instead wecan simply implementRunnable and definethe run() method.In thismethod wecan usethe
staticThread.sleep() method to yield control to other threads for a specified amount of time.

Therun() method ofourSplit classperiodically interrogatesthepressureon thedividerfrom theleftand
rightcontainers,aswellaseach container’swidth,which isproportionalto the container'svolume.Then it
printsoutthe resultsofourmeasurements,clearsthe countersofthe containers(see below)and sleepsfor
another 20 seconds.

Note:Because of the random nature of the gas modelallobservations are statistical.Each time you run this
simulationyou'relikelytoobserveaslightlydifferentresults.Themoreatomsthatconstitutethegas,themore
accurate the results achieved will be. A real gas has about 1022 atoms/cm 3, and fluctuations in its parameters are 
very small.In ourmodelonly afew dozen "atoms"areparticipating,so fluctuationsareconsiderable,and we
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have to wait a bit before we can obtain meaningfulmeasurements (through averaging several results).

Class GasPanel

ClassGasPanel modelsa two-dimensionalgascontainer.Itimplementsthe Runnable interface to model
the random motion of its contained atoms. Seven instance variables have the following meaning:

Atom[] m_atoms: array ofAtom instances hosted by this container.

Image m_img: image used to draw atoms.

Rectangle m_rc: container's rectangular bounds.

double m_px1: counter to measure pressure on the left wall.

double m_px2: counter to measure pressure on the right wall.

double m_py1: counter to measure pressure on the top wall.

double m_py2: counter to measure pressure on the bottom wall.

TheGasPanel constructortakesanumberofatomsto becreated asaparameteraswellasareferenceto the
image to represent them. M ethodenableEvents() is called to enable the processing of resizeeventsonthis
component. Finally, an array of atoms is created (see the Atom class below).

ThegetPreferredSize() method returnsthepreferred sizeofthiscomponent(used by oursplitpaneto
determine the initial position of its divider).

Therun() methodactivatesthegascontainer.Foreachchildatom itinvokestheAtom move() method(see
below)which changesan Atom’scoordinates.Thecomponentisthen repainted and thecalling thread sleeps
for 100 ms to provide smooth continuous motion.

ThepaintComponent() method isoverridden to draw each child atom.Itclearsthecomponent'sareaand,
for each atom, draws the specified image (typically a small ball) at the current atom location.

The processComponentEvent() method is overridden to process resizing events.Itupdates the m_rc
rectangle (used to limitatom motion)and callsthe ensureInRect() method forallchild atomsto force
them to stay insidethiscomponent’sbounds.A check for theCOMPONENT_RESIZED ID isdoneto skip the
processing of COMPONENT_MOVED events which are also delivered to this componenteven though we've
explicitly asked for only COMPONENT_RESIZED events (see enableEvents() call in constructor).

TheclearCounters() method clears the counters used to measure the pressure on each of the walls.

Class Atom

An Atom representsasingleobjectmoving withinaspecificrectangularregion and bouncing elastically from
its walls. Instance variables:

double m_x: current x-coordinate.

double m_y: current y-coordinate.

double m_vx: current x-component of velocity.

double m_vy: current y-component of velocity.

GasPanel m_parent: reference to parent container.

The Atom constructortakes a reference to a parentGasPanel as parameter.Itinitializes its coordinates
randomly within theparent'sboudning rectangleusing Math.random() asarandom numbergenerator.An
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atom's velocity vector is assigned a fixed absolute magnitude (10) and a random orientation in the x-y plane.

Note:In amorerealisticmodel,velocity would beanormally distributed random value.However,thisisnotvery
significant for our purposes.

Themove() method movesan atom to anew position and iscalled during each timetheparentGasPanel’s
run() loopisexecuted.W hennew coordinatesx, y arecalculated,thismethodchecksforpossiblebounces
from this container's walls:

  public void move(Rectangle rc) {
    double x = m_x + m_vx;
    double y = m_y + m_vy;
    int x1 = rc.x;
    int x2 = rc.x + rc.width;
   int y1 = rc.y;
    int y2 = rc.y + rc.height;
    for (int bounce = 0; bounce<2; bounce++) {
      // pseudo-code
      if (x < x1) { // bounce off of left wall... }
      if (x > x2) { // bounce off of right wall... }
      if (y < y1) { // bounce off of top wall... }
      if (y > y2) { // bounce off of bottom wall... }
    }
    m_x = x;
    m_y = y;
  }

Ifa new pointlies behind one offourwalls,a bounce occurs,which changes the coordinate and velocity
vector.This contributes to the pressure on the wallthe bounce occurred on (as an absolute change in the
velocity'scomponent),whichisaccumulatedintheparentGasPanel.Notethatbouncingischeckedtwiceto
take into accountthe rare case thattwo subsequentbouncesoccurin a single step.Thatcan occurnearthe
container's corners,when,after the firstbounce,the moving particle is repositioned beyond the nearest
perpendicular wall.

The finalmethodsofourAtom classare fairly straightforward.The ensureInRect() method iscalled to
ensure that an Atom’s coordinates lie within the given rectangle, and the getX() and getY() methodsreturn
the current coordinates as integers.

Running the Code

Notehow thegasreactsto thechangein theparentcontainer’svolumeby adjusting theposition ofthesplit
pane divider. Also try adjusting the size of the application frame.

The following are someP and PV measurements we obtained when experimenting with this example:

Left: p=749     pv=224700       Right: p=996    pv=276888
Left: p=701     pv=210300       Right: p=1006   pv=279668
Left: p=714     pv=214200       Right: p=1028   pv=285784
Left: p=770     pv=231000       Right: p=1018   pv=283004
Left: p=805     pv=241500       Right: p=1079   pv=299962
Left: p=1586    pv=190320       Right: p=680    pv=311440
Left: p=1757    pv=210840       Right: p=594    pv=272052
Left: p=1819    pv=218280       Right: p=590    pv=270220
Left: p=1863    pv=223560       Right: p=573    pv=262434
Left: p=1792    pv=215040       Right: p=621    pv=284418

W ecan seetellatacertain timethedividerhad been moved from rightto leftby theincreasein pressureon
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theleftside,and adecreasein pressureon therightside.However,the PV value(in arbitrary units)remains
practically unchanged.

Chapter 9. Combo Boxes
In this chapter:

• JComboBox

• Basic JComboBox example

• Custom model and renderer

• Combo box with memory

• Custom editing

9.1 JCombobox

class javax.swing.JComboBox

This class represents a basic GUI component which consists of two parts: 

A popup menu (an implementation ofjavax.swing.plaf.basic.ComboPopup).By defaultthisisa
JPopupMenu sub-class (javax.swing.plaf.basic.BasicComboPopup)containing aJList in a
JScrollPane.

A button acting asacontainerforan editororrenderercomponent,and an arrow button used to display the
popupmenu.

The JList uses a ListSelectionModel (see chapter10)allowing SINGLE_SELECTION only.Apart
from this, JComboBox directly uses only one model, a ComboBoxModel, which manages data in its JList.

A numberofconstructorsareavailabletobuildaJComboBox.Thedefaultconstructorcanbeusedtocreatea
combo box with an empty list,orwecan passdatato aconstructorasaone-dimensionalarray,aVector,or
as an implementation of the ComboBoxModel interface (see below).The lastvariantallows maximum
control over the properties and appearance of a JComboBox, as we will see.

AsothercomplexSwingcomponents,JComboBox allowsacustomizablerendererfordisplayingeachitem in
its drop-down list (by default a JLabel sub-class implementation of ListCellRenderer), and a
customizable editor to be used as the combo box’s data entry component (by default an instance of
ComboBoxEditor which uses a JTextField). W e can use the existing default implementations of
ListCellRenderer and ComboBoxEditor, or we can create our own according to our particular needs (which we 
willseelaterin thschapter).Notethatunlessweuseacustom renderer,thedefaultrendererwilldisplay each
elementasa String defined by thatobject’stoString() method (the only exceptionsto thisare Icon
implementationswhichwillberendereredastheywouldbeinany JLabel).Also notethatarendererreturns
a Component,butthatcomponentisnotinteractive and isonly used fordisplay purposes(i.e.itacts asa
“rubberstamp”API).Forinstance,ifa JCheckBox is used as a rendererwe willnotbe able to check and
uncheck it. Editors, however, are fully interactive.

Similarto JList (nextchapter),thisclassusesListDataEventsto deliverinformation aboutchangesin
thestateofitsdrop-downlist’smodel.ItemEventsand ActionEventsarefiredwhenthecurrentselection
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changes (from any source--programmatic or direct user input). Correspondingly, we can attach
ItemListeners and ActionListeners to receive these events.

Thedrop-down listofaJComboBox isapopup menu containing a JList (thisisactually defined in theUI
delegate,notthe componentitself)and can be programmatically displayed using the showPopup() and
hidePopup() methods.Asany otherSwing popup menu (which we willdiscussin chapter12),itcan be
displayed as either heavyweight or lightweight. JComboBox provides the
setLightWeightPopupEnabled() method allowing us to choose between these modes.

JComboBox also defines an inner interface called KeySelectionManager that declares one method,
selectionForKey(char aKey, ComboBoxModel aModel),which should be overriden to return the
indexofthelistelementtoselectwhenthelistisvisible(popup isshowing)and thegiven keyboard character
is pressed.

The JComboBox UI delegate represents JComboBox graphically by a container with a button which
encapsulates anarrow buttonandeitherarendererdisplayingthecurrentlyselecteditem,oraneditorallowing
changes to be made to the currently selected item.The arrow button is displayed on the right of the
renderer/editor and will show the popup menu containing the drop-down list when clicked.

Note:BecauseoftheJComboBox UIdelegateconstruction,settingtheborderofaJComboBox doesnothavethe
expected effect.Try thisand you willseethatthecontainercontaining themain JComboBox button getsthe
assignedborder,wheninfactwewantthatbuttontorecievetheborder.Thereisnoeasy way to settheborder
ofthisbutton withoutcustomizing the UIdelegate,and we hope to see thislimitation disappearin a future
version.

W hen a JComboBox iseditable(which itisnotby default)theeditorcomponentwillallow modification of
the currenly selected item.The defaulteditorwillappearasa JTextField accepting input.Thistextfield
hasan ActionListener attached thatwillacceptan editand change the selected item accoringly when/if
theEnterkeyispressed.Ifthefocuschangeswhileediting,allediting willbecancelledand achangewillnot
bemade to the selected item.

JComboBox can be made editable with its setEditable() method, and we can specify a custom
ComboBoxEditor with JComboBox’s setEditor() method..Setting the editable property to true
causes the UIdelegate to replace the renderercomponentin the button to the specified editorcomponent.
Similarly, setting this property to false causes the editor in the button to be replaced by a renderer.

The cell renderer used for a JComboBox can be assigned/retrieved with the
setRenderer()/getRenderer() methods.Calls to these methods actually get passed to the JList
contained in the combo box’s popup menu.

9.1.1 The ComboBoxM odel interface

abstract interface javax.swing.ComboBoxM odel

Thisinterface extendsthe ListModel interface which handlesthe combo box drop-down list's data.This
model separately handles its selected item with two methods, setSelectedItem() and
getSelectedItem().

9.1.2 The M utableComboBoxM odel interface

abstract interface javax.swing.M utableComboBoxM odel

ThisinterfaceextendsComboBoxModel and addsfourmethodsto modify themodel'scontentsdynamically:
addElement(),insertElementAt(),removeElement(),removeElementAt().
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9.1.3 DefaultComboBoxM odel

class javax.swing.DefaultComboBoxM odel

This class represents the default modelusedby JComboBox,andimplementsMutableComboBoxModel.To
programmatically selectan item wecan callitssetSelectedItem() method.Calling thismethod,aswell
as any ofthe MutableComboBoxModel methods mentioned above,willcause a ListDataEvent to be
fired.To capture these events we can attatch ListDataListeners with DefaultComboBoxModel’s
addListDataListener() method. W e can also remove these listeners with its
removeListDataListener() method.

9.1.4 The ListCellRenderer interface

abstract interface javax.swing.ListCellRenderer

Thisisa simple interface used to define the componentto be used asa rendererforthe JComboBox drop-
down list.Itdeclaresonemethod,getListCellRendererComponent(JList list, Object value, 
int Index, boolean isSelected, boolean cellHasFocus), which is called to return the
componentused to representagiven combo box elementvisually.Thecomponentreturned by thismethod is
not at all interactive and is used for display purposes only (referred to as a “rubber stamp” in the API docs). 

W hen in noneditable mode,-1 willbe passed to thismethod to return the componentused to representthe
selecteditem inthemain JComboBox button.Normally thiscomponentisthesameasthecomponentused to
display that sam e element in the drop-down list.

9.1.5. DefaultListCellRenderer

class javax.swing.DefaultListCellRenderer

This is the concrete implementation of the ListCellRenderer interface used by JList by default (and this 
by JComboBox’sJList).ThisclassextendsJLabel and itsgetListCellRenderer() method returnsa
this reference,rendersthegivenvaluebysettingitstexttothe String returnedbythevalue’stoString()
method (unless the value is an instance of Icon,in which case itwillbe rendered as itwould be in any
JLabel),and usesJList foreground and background colorsdepending on whetherornotthegiven item is
selected.

Note:Unfortunately there is no easy way to access JComboBox’s drop-down JList,which prevents us from
assigning new foreground and background colors.Ideally JComboBox would provide this communication
with its JList, and we hope to see this functionality in a future version.

A singlestaticEmptyBorder instanceisused forallcellsthatdo nothavethecurrentfocus.Thisborderhas
top, bottom, left, and right spacing of 1, and unfortunately cannot be re-assigned.

9.1.6 The ComboBoxEditor interface

abstract interface javax.swing.ComboBoxEditor

This interface describes the JComboBox editor. The default editor is providedbytheonly implementingclass,
javax.swing.plaf.basic.BasicComboBoxEditor. But we are certainly not limited to this
component. It is the purpose of this interface to allow us to implement our own custom editor. The
getEditorComponent() method should be overridden to return the editor component to use.
BasicComboBoxEditor’sgetEditorComponent() method returns a JTextField thatwillbeusedfor
the currently selected combo box item. Unlike cell renderers, components returned by the
getEditorComponent() method are fully interactive and do not act like rubber stamps.
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The setItem() method isintended to tellthe editorwhich elementto edit(thisiscalled when an item is
selected from the drop-down list).The getItem() method is used to return the objectbeing edited (a
String using the default editor).

TheselectAll() method isintended to selectallitemsto beedited,and thedefaulteditorimplementsthis
by selecting alltextin thetextfield (though thismethod isnotused in thedefaultimplementation,wemight
consider calling it from our own the setItem() method to show all text selected when editing starts).

ComboBoxEditor also decalres functionality forattaching and removing ActionListeners which are
notified when an editisaccepted.In thedefaulteditorthisoccurswhen Enterispressed whilethetextfield
has the focus.

Note: Unfortunately Swing does not provide an easily reusable ComboBoxEditor implementation,forcing
custom implementationstomanageallActionListener anditem selection/modificationfunctionalityfrom
scratch (we hope to see this limitation accounted for in a future Swing release).

UI Guideline : Advice on Usage and Design Usage

Comboboxesand ListBoxesare very similar.In facta Combobox isan Entry Field with a drop down ListBox.
Deciding when to use one oranothercan be difficult.Ouradvice isto think aboutreaderoutputratherthan
datainput.W hen thereaderonly needsto seeasingleitem then aCombobox isthechoice.UseaCombobox
whereasingleselection ismadefrom acollection and forreading purposesitisonly necessary to seeasingle
item, e.g. Currency USD.

Design
Thereareanumberofthingswhich affecttheusability ofacombobox.Beyond morethan afew items,they
becomeunusableunlessthedataissortedin somelogicalfashione.g.alphabetical,numerical.W henalistgets
longer,usability is affected again.Once a listgets beyond a couple ofhundred items,even when sorted,it
becomesvery slow fortheuserto locate specific item in the list.Some implementationshave solved thisby
offeringanabilitytotypeinpartialtextandthelist"jumps"tothebestmatchorpartialmatchitem e.g.typein
"ch"and thecombobox willjump to "Chevrolet"asin theexamplein thischapter.You may liketo consider
such an enhancement to a JCombobox to improve the usability in longer lists.

Thereareanumberofgraphicalconsiderationstoo.Likeallotherdataentry fields,comboboxesshould bealigned
to fit attractivelyintoapanel.However,thiscanbeproblematic.Youmustavoidmakingacomboboxwhichis
simplytoobigforthelistitemscontainede.g.acomboboxforcurrencycode(typicallUSD forU.S.Dollars)
only needsto be3 characterslong.So don'tmakeitbig enough to take50 characters.Itwilllook unbalanced.
Anotherproblem,isthenatureofthelistitems.Ifyou have50 itemsin alistwheremostitemsarearound 20
charactersbutoneitem is50 characterslong then should you makethecombobox big enough to display the
longerone? W ellmaybebutformostoccasionsyourdisplay willbeunbalanced again.Itisprobably bestto
optimise for the more common length, providing the the longer one still has meaning when read in its truncated 
form.Onesolution to displaying thewholelength ofatruncated item isto use the tooltip facility.W hen the
User places the mouse over an item, a tooltip appears with the full length data.

Onething you mustneverdo isdynamically resizethecombobox to fitavarying length item selection.Thiswill
provide alignm ent problems and may also add a usabilityproblem becausethepull-downbuttonmaybecomea
moving target which denies the user the option to learn its position with directional memory.

9.2 Basic JComboBox example
Thisexampledisplaysinformationabout popularcarsintwosymmetricalpanelstoprovideanaturalmeansof
comparison. To be more or less realistic, we need to take into account that any car model comes in several trim
lines which actually determine the car's characteristics and price. Numerous characteristics of cars are
available on the web. For this simple example we've selected the following two-level data structure:
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CAR
Nam e  Type Description
Name String M odel's name
M anufacturer String Companymanufacturer
Image Icon M odel's photograph
Trims Vector A collection of model's trims

TRIM
Nam e Type Description
Name String Trim's name
M SRP int M anufacturer's suggested retail price
Invoice int Invoice price
Engine String Engine description

Figure 9.1 Dynam ically changeable JCom boBoxes allow ing com parison of car m odel and trim  inform ation.

<<file figure9-1.gif>>

The Code: Com boBox1.java
see\Chapter9\1

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class ComboBox1 extends JFrame 
{
  public ComboBox1() {
    super("ComboBoxes [Compare Cars]");
    getContentPane().setLayout(new BorderLayout());

    Vector cars = new Vector();
    Car maxima = new Car("Maxima", "Nissan", new ImageIcon(
      "maxima.gif"));
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    maxima.addTrim("GXE", 21499, 19658, "3.0L V6 190-hp");
    maxima.addTrim("SE",  23499, 21118, "3.0L V6 190-hp");
    maxima.addTrim("GLE", 26899, 24174, "3.0L V6 190-hp");
    cars.addElement(maxima);

    Car accord = new Car("Accord", "Honda", new ImageIcon(
      "accord.gif"));
    accord.addTrim("LX Sedan", 21700, 19303, "3.0L V6 200-hp");
    accord.addTrim("EX Sedan", 24300, 21614, "3.0L V6 200-hp");
    cars.addElement(accord);

    Car camry = new Car("Camry", "Toyota", new ImageIcon(
      "camry.gif"));
    camry.addTrim("LE V6", 21888, 19163, "3.0L V6 194-hp");
    camry.addTrim("XLE V6", 24998, 21884, "3.0L V6 194-hp");
    cars.addElement(camry);

    Car lumina = new Car("Lumina", "Chevrolet", new ImageIcon(
      "lumina.gif"));
    lumina.addTrim("LS", 19920, 18227, "3.1L V6 160-hp");
    lumina.addTrim("LTZ", 20360, 18629, "3.8L V6 200-hp");
    cars.addElement(lumina);

    Car taurus = new Car("Taurus", "Ford", new ImageIcon(
      "taurus.gif"));
   taurus.addTrim("LS", 17445, 16110, "3.0L V6 145-hp");
    taurus.addTrim("SE", 18445, 16826, "3.0L V6 145-hp");
    taurus.addTrim("SHO", 29000, 26220, "3.4L V8 235-hp");
    cars.addElement(taurus);

    Car passat = new Car("Passat", "Volkswagen", new ImageIcon(
      "passat.gif"));
    passat.addTrim("GLS V6", 23190, 20855, "2.8L V6 190-hp");
    passat.addTrim("GLX", 26250, 23589, "2.8L V6 190-hp");
    cars.addElement(passat);

    getContentPane().setLayout(new GridLayout(1, 2, 5, 3));
 CarPanel pl = new CarPanel("Base Model", cars);

    getContentPane().add(pl);
    CarPanel pr = new CarPanel("Compare to", cars);
    getContentPane().add(pr);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    pl.selectCar(maxima);
    pr.selectCar(accord);
    setResizable(false);
    pack();
    setVisible(true);
  }

  public static void main(String argv[]) {
    new ComboBox1();
  }
}

class Car
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{
  protected String m_name;
  protected String m_manufacturer;
  protected Icon   m_img;
  protected Vector m_trims;

  public Car(String name, String manufacturer, Icon img) {
    m_name = name;
    m_manufacturer = manufacturer;
   m_img = img;
    m_trims = new Vector();
  }

  public void addTrim(String name, int MSRP, int invoice, 
   String engine) {
    Trim trim = new Trim(this, name, MSRP, invoice, engine);
      m_trims.addElement(trim);
  }

  public String getName() { return m_name; }

  public String getManufacturer() { return m_manufacturer; }

  public Icon getIcon() { return m_img; }

  public Vector getTrims() { return m_trims; }

  public String toString() { return m_manufacturer+" "+m_name; }
}

class Trim
{
  protected Car    m_parent;
  protected String m_name;
  protected int    m_MSRP;
  protected int    m_invoice;
  protected String m_engine;

  public Trim(Car parent, String name, int MSRP, int invoice, 
   String engine) {
    m_parent = parent;
    m_name = name;
    m_MSRP = MSRP;
    m_invoice = invoice;
    m_engine = engine;
  }

  public Car getCar() { return m_parent; }

  public String getName() { return m_name; }

  public int getMSRP() { return m_MSRP; }

  public int getInvoice() { return m_invoice; }

  public String getEngine() { return m_engine; }

  public String toString() { return m_name; }
}

class CarPanel extends JPanel
{



33

  protected JComboBox m_cbCars;
  protected JComboBox m_cbTrims;
  protected JLabel m_lblImg;
  protected JLabel m_lblMSRP;
  protected JLabel m_lblInvoice;
  protected JLabel m_lblEngine;

  public CarPanel(String title, Vector cars) {
    super();
    setLayout(new BoxLayout(this, BoxLayout.Y_AXIS));
    setBorder(new TitledBorder(new EtchedBorder(), title));

    JPanel p = new JPanel();
    p.add(new JLabel("Model:"));
    m_cbCars = new JComboBox(cars);
    ActionListener lst = new ActionListener() {
      public void actionPerformed(ActionEvent e) { 
        Car car = (Car)m_cbCars.getSelectedItem();
        if (car != null)
          showCar(car);
      }
    };
    m_cbCars.addActionListener(lst);
    p.add(m_cbCars);
    add(p);

    p = new JPanel();
    p.add(new JLabel("Trim:"));
    m_cbTrims = new JComboBox();
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        Trim trim = (Trim)m_cbTrims.getSelectedItem();
        if (trim != null)
          showTrim(trim);
      }
    };
    m_cbTrims.addActionListener(lst);
    p.add(m_cbTrims);
    add(p);
    p = new JPanel();
    m_lblImg = new JLabel();
    m_lblImg.setHorizontalAlignment(JLabel.CENTER);
    m_lblImg.setPreferredSize(new Dimension(140, 80));
    m_lblImg.setBorder(new BevelBorder(BevelBorder.LOWERED));
    p.add(m_lblImg);
    add(p);

    p = new JPanel();
    p.setLayout(new GridLayout(3, 2, 10, 5));
    p.add(new JLabel("MSRP:"));
    m_lblMSRP = new JLabel();
    p.add(m_lblMSRP);

    p.add(new JLabel("Invoice:"));
    m_lblInvoice = new JLabel();
    p.add(m_lblInvoice);

    p.add(new JLabel("Engine:"));
    m_lblEngine = new JLabel();
    p.add(m_lblEngine);
    add(p);
  }
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  public void selectCar(Car car) { m_cbCars.setSelectedItem(car); }

  public void showCar(Car car) {
    m_lblImg.setIcon(car.getIcon());
    if (m_cbTrims.getItemCount() > 0)
      m_cbTrims.removeAllItems();
    Vector v = car.getTrims();
    for (int k=0; k<v.size(); k++)
      m_cbTrims.addItem(v.elementAt(k));
    m_cbTrims.grabFocus();
  }

  public void showTrim(Trim trim) {
    m_lblMSRP.setText("$"+trim.getMSRP());
    m_lblInvoice.setText("$"+trim.getInvoice());
    m_lblEngine.setText(trim.getEngine());
  }
}

Understanding the Code

Class ComboBox1

ClassComboBox1 extends JFrame to implementthe frame containerforthisexample.Ithasno instance
variables.The constructorofthe ComboBox1 classcreatesa data collection with carinformation aslisted
above.A collection ofcarsisstored in Vector cars,and each car,in turn,receivesone ormore Trim
instances. Other than this, the ComboBox1 constructor doesn't do much. It creates two instances of
CarPanel (seebelow)andarrangesthem inaGridLayout.Thesepanelsareusedtoselectanddisplaycar
information. Finally two cars are initially selected in both panels.

Class Car

Carisa typicaldata objectencapsulating three data fieldslisted atthe beginning ofthissection:carname,
manufacturer,and image.In addition,it holds the m_trims vector representing a collection of Trim
instances.

M ethod addTrim() createsanew Trim instanceand addsitto the m_trims vector.The restofthisclass
implements typical getXX() methods to allow access to the protected data fields.

Class Trim

Trim encapsulatesfourdata fieldslisted atthe beginning ofthissection:trim name,suggested retailprice,
invoice price,and engine type.In addition,itholdsa reference to the parentCar instance.The restofthis
class implements typical getXX() methods to allow access to the protected data fields.

Class CarPanel

ThisclassextendsJPanel toprovidetheGUIframework fordisplaying carinformation.Six componentsare
declared as instance variables:

JComboBox m_cbCars: Combo box to select a car model.

JComboBox m_cbTrims: Combo box to select a car trim for the selected model.

JLabel m_lblImg: Label to display the model's image.

JLabel m_lblMSRP: Label to display the M SRP.

JLabel m_lblInvoice: Label to display the invoice price.

JLabel m_lblEngine: Label to display the engine description.
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Two combo boxes are used to select cars and trims respectively. Note that Car and Trim data objects are used
to populate these combo boxes,so the actualdisplayed textisdetermined by their toString() methods.
Both combo boxesreceiveActionListeners to handleitem selection.Then a Car item isselected,which
triggersa callto the showCar() method described below.Similarly,a selection ofa Trim item triggersa
call to the showTrim() method.

The restofthe CarPanel constructorbuilds JLabels to display a car's image and trim data.Note how
layoutsareused in thisexample.A y-oriented BoxLayout createsaverticalaxisused to allign and position
all components. The combo boxes and supplementary labels are encapsulated in horizontal JPanels.
JLabel m_lblImg receivesacustom preferred sizeto reserveenough spaceforthephoto image.Thislabel
isencapsulated in apanel(with itsdefaultFlowLayout)to ensurethatthiscomponentwillbecentered over
the container's space.The restof CarPanel is occupied by the six labels,which are hosted by a 3x2
GridLayout.

M ethod selectCar() allows us to selecta carprogrammatically from outside this class.Itinvokes the
setSelectedItem() method on the m_cbCars combo box. Note that this call will trigger an
ActionEvent which will be captured by the proper listener, resulting in a showCar() call.

M ethod showCar() updates the car image and updates the m_cbTrims combo box to display the
corresponding trimsofthe selected model.The (getItemCount() > 0) condition isnecessary because
Swing throwsan exception ifremoveAllItems() isinvoked on an empty JComboBox.Finally,focusis
transferred to the m_cbTrims component.

M ethod showTrim() updatesthe contentsofthe labelsdisplaying trim information:M SRP,invoice price,
and engine type.

Running the Code

Figure 9.1 showsthe ComboBox1 application displaying two carssimultaneously forcomparison.Note that
allinitialinformation is displayed correctly.Try experimenting with various selections and note how the
combo box contents change dynamically.

UI Guideline : Sym m etrical Layout

In this example,the design avoids the problem ofhaving to align the differentlength comboboxes by using a
symmetricallayout.Overallthewindow hasagoodbalanceandgooduseofwhitespace,asinturndoeachof
the bordered panes used for individual car selections.

9.3 Custom model and renderer
AmbitiousSwingdevelopersmaywanttoprovidecustom renderingincomboboxestodisplaystructureddata
inthedrop-downlist.Differentlevelsofstructurecanbeidentifiedbydifferingleftmarginsand icons,justas
isdone in trees(which we willstudy in chapter17).Such complex combo boxescan enhance functionality
and provide a more sophisticated appearance.

In thissection wewillshow how to mergethemodeland trim combo boxesfrom theprevioussection into a
singlecombo box.To differentiatebetween modeland trim itemsin thedrop-down list,wecan usedifferent
leftmargins and different icons for each. Our list should looke something like this:

Nissan M axima
     GXE
     SE
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     GLE

W e also need to preventthe userfrom selecting models (e.g.“Nissan M axima” above),since they do not
provide complete information about a specific car, and only serve as separators between sets of trims.

Note:Thehierarchicallistorganization shown herecan easily beextended foruse in aJList,and can handlean
arbitrary numberoflevels.W eonly usetwo levelsin thisexample,however,thedesign doesnotlimitusto
this.

Figure 9.2 JCom boBox w ith a custom  m odel and a custom  hierarchical rendering schem e.

<<file figure9-2.gif>>

The Code: Com boBox2.java
see\Chapter9\2

// Unchanged code from section 9.2

class CarPanel extends JPanel
{
  protected JComboBox m_cbCars;
  protected JLabel m_txtModel;
  protected JLabel m_lblImg;
  protected JLabel m_lblMSRP;
  protected JLabel m_lblInvoice;
  protected JLabel m_lblEngine;

  public CarPanel(String title, Vector cars) {
    super();
    setLayout(new BoxLayout(this, BoxLayout.Y_AXIS));
    setBorder(new TitledBorder(new EtchedBorder(), title));

    JPanel p = new JPanel();
    m_txtModel = new JLabel("");
    m_txtModel.setForeground(Color.black);
    p.add(m_txtModel);
    add(p);

    p = new JPanel();
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    p.add(new JLabel("Car:"));
    CarComboBoxModel model = new CarComboBoxModel(cars);
    m_cbCars = new JComboBox(model);
    m_cbCars.setRenderer(new IconComboRenderer());
    ActionListener lst = new ActionListener() {
      public void actionPerformed(ActionEvent e) { 
        ListData data = (ListData)m_cbCars.getSelectedItem();
        Object obj = data.getObject();
        if (obj instanceof Trim)
          showTrim((Trim)obj);
      }
    };
    m_cbCars.addActionListener(lst);
    p.add(m_cbCars);
    add(p);

    //Unchanged code from section 9.2
  }

  public synchronized void selectCar(Car car) {
    for (int k=0; k < m_cbCars.getItemCount(); k++) {
      ListData obj = (ListData)m_cbCars.getItemAt(k);
      if (obj.getObject() == car) {
        m_cbCars.setSelectedItem(obj);
        break;
      }
    }
  }

  public synchronized void showTrim(Trim trim) {
    Car car = trim.getCar();
    m_txtModel.setText(car.toString());
    m_lblImg.setIcon(car.getIcon());
    m_lblMSRP.setText("$" + trim.getMSRP());
    m_lblInvoice.setText("$" + trim.getInvoice());
    m_lblEngine.setText(trim.getEngine());
  }
}

class ListData
{
protected Icon    m_icon;

  protected int     m_index;
  protected boolean m_selectable;
  protected Object  m_data;

  public ListData(Icon icon, int index, boolean selectable, 
   Object data) {
    m_icon = icon;
    m_index = index;
    m_selectable = selectable;
    m_data = data;
  }

  public Icon getIcon() { return m_icon; }

  public int getIndex() { return m_index; }

  public boolean isSelectable() { return m_selectable; }

  public Object getObject() { return m_data; }
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  public String toString() { return m_data.toString(); }
}

class CarComboBoxModel extends DefaultComboBoxModel 
{
  public static final ImageIcon ICON_CAR = 
    new ImageIcon("car.gif");
  public static final ImageIcon ICON_TRIM = 
    new ImageIcon("trim.gif");

  public CarComboBoxModel(Vector cars) {
    for (int k=0; k<cars.size(); k++) {
      Car car = (Car)cars.elementAt(k);
      addElement(new ListData(ICON_CAR, 0, false, car));

      Vector v = car.getTrims();
      for (int i=0; i < v.size(); i++) {
        Trim trim = (Trim)v.elementAt(i);
        addElement(new ListData(ICON_TRIM, 1, true, trim));
      }
    }
  }

  // This method only allows trims to be selected
  public void setSelectedItem(Object item) {
    if (item instanceof ListData) {
      ListData ldata = (ListData)item;
      if (!ldata.isSelectable()) {
        Object newItem = null;
        int index = getIndexOf(item);
        for (int k = index + 1; k < getSize(); k++) {
          Object item1 = getElementAt(k);
          if (item1 instanceof ListData) {
            ListData ldata1 = (ListData)item1;
            if (!ldata1.isSelectable())
              continue;
          }
          newItem = item1;
          break;
        }
        if (newItem==null)
          return;        // Selection failed

     item = newItem;
      }
    }
    super.setSelectedItem(item);
  }
}

class IconComboRenderer extends JLabel implements ListCellRenderer
{
  public static final int OFFSET = 16;

  protected Color m_textSelectionColor = Color.white;
  protected Color m_textNonSelectionColor = Color.black;
  protected Color m_textNonselectableColor = Color.gray;
  protected Color m_bkSelectionColor = new Color(0, 0, 128);
  protected Color m_bkNonSelectionColor = Color.white;
  protected Color m_borderSelectionColor = Color.yellow;

  protected Color  m_textColor;
  protected Color  m_bkColor;
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  protected boolean m_hasFocus;
  protected Border[] m_borders;

  public IconComboRenderer() {
    super();
    m_textColor = m_textNonSelectionColor;
    m_bkColor = m_bkNonSelectionColor;
    m_borders = new Border[20];
    for (int k=0; k < m_borders.length; k++)
      m_borders[k] = new EmptyBorder(0, OFFSET * k, 0, 0);
    setOpaque(false);
  }

  public Component getListCellRendererComponent(JList list,
   Object obj, int row, boolean sel, boolean hasFocus) {
    if (obj == null)
      return this;
    setText(obj.toString());
    boolean selectable = true;
    if (obj instanceof ListData) {
      ListData ldata = (ListData)obj;
      selectable = ldata.isSelectable();

setIcon(ldata.getIcon());
      int index = 0;
      if (row >= 0)    // no offset for editor (row=-1)
        index = ldata.getIndex();
      Border b = (index < m_borders.length ? m_borders[index] : 
        new EmptyBorder(0, OFFSET * index, 0, 0));

   setBorder(b);
    }
    else
      setIcon(null);

    setFont(list.getFont());
    m_textColor = (sel ? m_textSelectionColor : 
      (selectable ? m_textNonSelectionColor :
      m_textNonselectableColor));
    m_bkColor = (sel ? m_bkSelectionColor : 
      m_bkNonSelectionColor);
    m_hasFocus = hasFocus;
    return this;
  }

  public void paint (Graphics g) {
    Icon icon = getIcon();
    Border b = getBorder();

    g.setColor(m_bkNonSelectionColor);
    g.fillRect(0, 0, getWidth(), getHeight());

    g.setColor(m_bkColor);
    int offset = 0;
    if(icon != null && getText() != null) {
      Insets ins = getInsets();
      offset = ins.left + icon.getIconWidth() + getIconTextGap();
    }
    g.fillRect(offset, 0, getWidth() - 1 - offset,
      getHeight() - 1);

    if (m_hasFocus) {
      g.setColor(m_borderSelectionColor);
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      g.drawRect(offset, 0, getWidth()-1-offset, getHeight()-1);
    }

    setForeground(m_textColor);
    setBackground(m_bkColor);
    super.paint(g);
  }
}

Understanding the Code

Class CarPanel

ClassesComboBox2 (formerlyComboBox1),Car,andTrim remainunchangedinthisexample,sowe'llstart
from the CarPanel class.Compared to the example in the previous section,we've removed combo box
m_cbTrims,andadded JLabel m_txtModel,whichisusedtodisplaythecurrentmodel'sname(whenthe
combo box popup ishidden,theusercan seeonly theselected trim;so weneed to display thecorresponding
modelnameseparately).Curiously,theconstructorofthe CarPanel classplacesthislabelcomponentin its
ownJPanel (using its default FlowLayout) to ensure it's location in the center of the base panel.

Note:The problem isthatJLabel m_txtModel has a variable length,and the BoxLayout which manages
CarPanel cannotdynamically centerthis componentcorrectly.By placing this labelin a FlowLayout
panel it will always be centered.

The single combo box ,m_cbCars,has a bitin common with the componentofthe same name in the
previousexample.Firstitreceivesacustom model,aninstanceoftheCarComboBoxModel class,whichwill
bedescribed below.Italso receivesacustom renderer,an instanceofthe IconComboRenderer class,also
described below.

The combo boxispopulatedbyboth Car andTrim instancesencapsulatedin ListData objects(seebelow).
ThisrequiressomechangesintheactionPerformed() methodwhichhandlescombobox selection.First
weextractthedataobjectfrom theselected ListData instanceby calling thegetObject() method.Ifthis
callreturnsaTrim object(asitshould,since Carscannotbeselected),wecallthe showTrim() method to
display the selected data.

M ethod selectCar() hasbeen modified.Aswe mentioned above,ourcombo box now holds ListData
objects,so we cannotpassa Car objectasa parameterto the setSelectedItem() method.Instead we
have to examine in turn allitems in the combo box,castthem to ListData objects,and verify thatthe
encapsulated data objectis equalto the given Car instance.The == operatorverifies thatthe address in
memory ofthe objectcorresponding to the combo box isthe same asthe addressofthe given object.This
assumesthattheCar objectpassed to selectCar() istaken from thecollection ofobjectsused to populate
thiscombo box.(To avoid thislimitation wecould alternatively implementan equals() method in theCar
class.)

M ethod showTrim() now doesthejob ofdisplaying themodeldataaswellasthetrim data.To do thiswe
obtainaparentCar instanceforagiven Trim anddisplaythemodel'snameandicon.Therestofthismethod
remains unchanged.

Class ListData

This class encapsulates the data objectto be rendered in the combo box and adds new attributes forour
rendering needs. 

Instance variables:

m_icon Icon: icon associated with the data object.
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m_index int: item's index which determines the left margin (i.e. the hierarchical level).

m_selectable boolean: flag indicating that this item can be selected.

m_data Object: encapsulated data object.

Allvariablesarefilled with parameterspassed to theconstructor.Therestofthe ListData classrepresents
fourgetXX() methods and a toString() method, which delegate calls to the m_data object.

Class CarComboBoxM odel

ThisclassextendsDefaultComboBoxModel to serve asa data modelforourcombo box .Firstitcreates
two static ImageIcons to representmodeland trim.Theconstructortakesa Vector ofCar instancesand
convertsthem andtheirtrimsintoalinearsequenceofListData objects.Each Car objectisencapsulatedin
aListData instancewith an ICON_CAR icon,index setto 0,and m_selectable flag setto false.Each
Trim object is encapsulated in a ListData instance with ICON_TRIM icon, index set to 1, and
m_selectable flag set to true.

Thesemanipulationscouldhavebeendonewithoutimplementing acustom ComboBoxModel,ofcourse.The
real reason we do implement a custom model is to override the setSelectedItem() method to control item
selection in the combo box. As we learned above, only ListData instances with the m_selectable flag set 
to true should beselectable.To achievethisgoal,theoverridden setSelectedItem() method caststhe
selected object to a ListData instance and examines its selection property using isSelectable().

IfisSelectable() returnsfalse,aspecialaction needsto behandled to movetheselection to thefirst
item following this item for which isSelectable() returns true.If no such item can be found our
setSelectedItem() methodreturnsandtheselectioninthecomboboxremainsunchanged.Otherwisethe
item variablereceivesanew valuewhich isfinally passed to the setSelectedItem() implementation of
the superclass DefaultComboBoxModel.

Note:You may notice thatthe selectCar() method discussed above selectsa Car instance which cannotbe
selected.Thisinternally triggersacallto thesetSelectedItem() ofthecombo box model,which shifts
the selection to the first available Trim item. You can verify this when running the example.

Class IconComboRenderer

ThisclassextendsJLabel and implementsthe ListCellRenderer interfaceto serveasacustom combo
box renderer. 

Instance variables:

int OFFSET: offset in pixels of image and text (different for cars and trims).

Color m_textColor: current text color.

Color m_bkColor: current background color.

boolean m_hasFocus: flag indicating whether this item has focus.

Border[] m_borders: an array of borders used for this component.

The constructorofthe IconComboRenderer classinitializesthese variables.EmptyBordersare used to
provide leftmargins while rendering components ofthe drop-down list.To avoid generation ofnumerous
temporary objects,an array of20 Borders is prepared with increasing leftoffsets corresponding to array
index (incremented by OFFSET).Thisprovidesuswith a setofdifferentbordersto use forwhite space in
representing data at 20 distinct hierarchical levels. 
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Note: Even though we only use two levels in this example,IconComboRenderer has been designed for
maximum reusability.20 levelsshould beenough formosthierarchies,butifmorelevelsarenecessary we’ve
designed getListCellRendererComponent() (see below) to create a new EmptyBorder in the
event that more than 20 levels are used.

Theopaque property is set to false because we intend to draw the background ourselves.

M ethod getListCellRendererComponent() is called priorto the painting ofeach cellin the drop-
down list.W e firstsetthiscomponent’stextto thatofthe given object(passed asparameter).Then,ifthe
objectisan instanceofListData,wesettheicon and leftmargin by using theappropriate EmptyBorder
from the previously prepared array (based on the given ListData’s m_index property--if the index is
greaterthan the).Note thata callto thismethod with row=-1 willbe invoked priorto the rendering ofthe
combo box editor,which isthe partofthe combo box thatisalwaysvisible (see 9.1).In thiscase we don't
need to useany borderoffset.Offsetonly makessensewhen therearehierarchicaldifferencesbetween items
in the list, not when an item is rendered alone.

TherestofthegetListCellRendererComponent() method determinesthebackground and foreground
colorstouse,basedonwhetherisselected and selectable,and storesthem in instancevariablesforusewithin
thepaint() method.Non-selectableitemsreceivetheirown foreground to distinguish them from selectable
items.

Thepaint() method performsabitofrendering beforeinvoking thesuper-classimplementation.Itfillsthe
background with the stored m_bkColor (from above)excluding the icon'sarea (note thatthe leftmargin is
already taken into account by the component's Border). It also draws a border-like rectangle if the
componentcurrently hasthe focus.Thismethod then endswith a callto itssuper-class’spaint() method
which takes responsibility for painting the label text and icon

Running the Code

Figure 9.2 shows ourhierarchicaldrop-down listin action.Note thatmodels and trim lines can be easily
differentiated because ofthe varying iconsand offsets.In addition,modelshave a gray foreground to imply
that they cannot be selected.

Thisimplementationismoreuser-friendlythanthepreviousexamplebecauseitdisplaysallavailabledataina
single drop-downlist.Tryselectingdifferenttrimsandnotehow thischangesdataforboth themodelandtrim
information labels.Try selecting a modeland note thatitwillresultin the selection ofthe firsttrim ofthat
model.

UI Guideline : Im proved Usability

From ausability perspectivethesolution in fig 9.2 isan improvementovertheonepresented in fig 9.1.By using a
combobox with ahierarchicaldatamodel,thedesignerhasreduced thedataentry to asingleselection and has
presented the information in an accessible and logical manner which also produces a visually cleaner result.

Further improvements could be made here by sorting the hierarchical data. In this example it would seem
appropriateto sortin atwo tiered fashion:alphabetically by manufacturer;and alphabetically by model.Thus
Toyota would come after Ford and Toyota Corolla would come after Toyota Camry.

This is an excellent example of how the programmer can improve UI Design and Usability by doing additional work 
tomake the User's Goal easier to achieve.
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9.4 Comboboxes with memory
Insomesituationsitisdesirableto useeditablecombo boxeswhich keep ahistoricallistofchoicesforfuture
reuse.Thisconvenientlyallowstheusertoselectapreviouschoiceratherthan typing identicaltext.A typical
example of an editable combo box with memory can be found in find/replace dialogs in many modern
applications.Anotherexample,familiarto almostevery modern computeruser,isprovided in many Internet
browserswhich use an editable URL combo box with history mechanism.These combo boxesaccumulate
typed addressesso theusercan easily return to any previously visited siteby selecting itfrom thedrop-down
list instead of manually typing it in again.

Thefollowing exampleshowshow to createasimplebrowserapplication using an editablecombo box with
memory.Itusestheserialization mechanism to savedatabetween program sessions,and the JEditorPane
component (described in more detail in chapters 11 and 19) to display non-editable HTM L files.

Figure 9.3 JCom boBox w ith m em ory of previously visited URLs.

<<file figure9-3.gif>>

The Code: Browser.java
see\Chapter9\3

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.net.*;

import javax.swing.*;
import javax.swing.event.*;
import javax.swing.text.*;
import javax.swing.text.html.*;

public class Browser extends JFrame 
{
  protected JEditorPane m_browser;
  protected MemComboBox m_locator;
  protected AnimatedLabel m_runner;
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  public Browser() {
    super("HTML Browser [ComboBox with Memory]");
    setSize(500, 300);

    JPanel p = new JPanel();
    p.setLayout(new BoxLayout(p, BoxLayout.X_AXIS));
    p.add(new JLabel("Address"));
    p.add(Box.createRigidArea(new Dimension(10, 1)));

    m_locator = new MemComboBox();
    m_locator.load("addresses.dat");
    BrowserListener lst = new BrowserListener();
    m_locator.addActionListener(lst);

    p.add(m_locator);
    p.add(Box.createRigidArea(new Dimension(10, 1)));

    m_runner = new AnimatedLabel("clock", 8);
    p.add(m_runner);
    getContentPane().add(p, BorderLayout.NORTH);

    m_browser = new JEditorPane();
    m_browser.setEditable(false);
    m_browser.addHyperlinkListener(lst);

    JScrollPane sp = new JScrollPane();
    sp.getViewport().add(m_browser);
    getContentPane().add(sp, BorderLayout.CENTER);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        m_locator.save("addresses.dat");
          System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
    m_locator.grabFocus();
  }

  class BrowserListener implements ActionListener, HyperlinkListener
  {
    public void actionPerformed(ActionEvent evt) {
      String sUrl = (String)m_locator.getSelectedItem();
      if (sUrl == null || sUrl.length() == 0 || 
       m_runner.getRunning())
        return;
      BrowserLoader loader = new BrowserLoader(sUrl);
      loader.start();
    }

    public void hyperlinkUpdate(HyperlinkEvent e) {
      URL url = e.getURL();
      if (url == null || m_runner.getRunning())
        return;
      BrowserLoader loader = new BrowserLoader(url.toString());
      loader.start();
    }
  }

  class BrowserLoader extends Thread
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  {
    protected String m_sUrl;

    public BrowserLoader(String sUrl) { m_sUrl = sUrl; }

    public void run() {
      setCursor( Cursor.getPredefinedCursor(Cursor.WAIT_CURSOR));
      m_runner.setRunning(true);

      try {
        URL source = new URL(m_sUrl);
        m_browser.setPage(source);
        m_locator.add(m_sUrl);
      } 
      catch (Exception e) {

     JOptionPane.showMessageDialog(Browser.this, 
          "Error: "+e.toString(),
          "Warning", JOptionPane.WARNING_MESSAGE);
      }
      m_runner.setRunning(false);
      setCursor(Cursor.getPredefinedCursor(Cursor.DEFAULT_CURSOR));
    }
  }

  public static void main(String argv[]) { new Browser(); }
}

class MemComboBox extends JComboBox
{
  public static final int MAX_MEM_LEN = 30;

  public MemComboBox() {
    super();
    setEditable(true);
  }

  public void add(String item) {
    removeItem(item);
    insertItemAt(item, 0);
    setSelectedItem(item);
    if (getItemCount() > MAX_MEM_LEN)
      removeItemAt(getItemCount()-1);
  }

  public void load(String fName) {
    try {
      if (getItemCount() > 0)
        removeAllItems();
      File f = new File(fName);
      if (!f.exists())
        return;
      FileInputStream fStream = 
        new FileInputStream(f);
      ObjectInput  stream  =
        new  ObjectInputStream(fStream);
      Object obj = stream.readObject();
      if (obj instanceof ComboBoxModel)
        setModel((ComboBoxModel)obj);
      stream.close();
      fStream.close();
    }
    catch (Exception e) {
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      e.printStackTrace();
      System.err.println("Serialization error: "+e.toString());
    }
  }

  public void save(String fName) {
    try {
      FileOutputStream fStream = 
        new FileOutputStream(fName);
      ObjectOutput  stream  =
        new  ObjectOutputStream(fStream);
      stream.writeObject(getModel());
      stream.flush();
      stream.close();
      fStream.close();
    }
    catch (Exception e) {
      e.printStackTrace();
      System.err.println("Serialization error: "+e.toString());
    }
  }
}

class AnimatedLabel extends JLabel implements Runnable
{
  protected Icon[] m_icons;
  protected int m_index = 0;
  protected boolean m_isRunning;

  public AnimatedLabel(String gifName, int numGifs) {
    m_icons = new Icon[numGifs];
    for (int k=0; k<numGifs; k++)
      m_icons[k] = new ImageIcon(gifName+k+".gif");
    setIcon(m_icons[0]);

    Thread tr = new Thread(this);
    tr.setPriority(Thread.MAX_PRIORITY);
    tr.start();
  }

  public void setRunning(boolean isRunning) {
    m_isRunning = isRunning;
  }

  public boolean getRunning() { return m_isRunning; }

  public void run() {
    while(true) {
      if (m_isRunning) {
        m_index++;
        if (m_index >= m_icons.length)
          m_index = 0;
        setIcon(m_icons[m_index]);
        Graphics g = getGraphics();
        m_icons[m_index].paintIcon(this, g, 0, 0);
      }
      else {
        if (m_index > 0) {
          m_index = 0;
          setIcon(m_icons[0]);
        }
      }
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      try { Thread.sleep(500); } catch(Exception ex) {}
    }
  }
}

Understanding the Code

Class Browser

This class extends JFrame to implement the framecontainer for our browser. Instance variables:

JEditorPane m_browser: text component to parse and render HTM L files.

MemComboBox m_locator: combo box to enter/select URL address.

AnimatedLabel m_runner: traditional animated icon alive while the browser is requesting a URL.

The constructorcreates the custom combo box,m_locator,and an associated explanatory label.Then it
creates the m_runner icon and places all three components in the northern regionofourframe’scontentpane.
JEditorPane m_browser iscreated and placed in aJScrollPane to providescrolling capabilities.This
is then added to the center of the content pane.

Note thatthe WindowListener,as used in many previous examples to close the frame and terminate
execution,receivesan additionalfunction:itinvokesourcustom save() method (seebelow)on ourcustom
comboboxcomponentbeforedestroyingtheframe.Thissavesthelistofvisited URLsenteredasafilecalled
“addresses.dat” in the current running directory.

Class Browser.BrowserListener

Thisinnerclassimplementsboth the ActionListener and HyperlinkListener interfacesto manage
navigation to HTM L pages.The actionPerformed() method isinvoked when theuserselectsanew item
in the combo box . It verifies that the selection is valid and the browser is not currently running (i.e. requesting 
aURL).Ifthesechecksarepassed itthen createsand startsanew BrowserLoader instance(seebelow)for
the specified address.

M ethod hyperlinkUpdate() isinvokedwhentheuserclicksahyperlinkinthecurrentlyloadedwebpage.
Thismethod also determines the selected URL address and starts a new BrowserLoader to load it.

Class Browser.BrowserLoader

This innerclass extends Thread to load web pages into the JEditorPane component.Ittakes a URL
addressparameterin the constructorand storesitin a instance variable.The run() method setsthe mouse
cursor to hourglass (Cursor.WAIT_CURSOR) and starts the animated icon to indicate that the browser is busy.

The core functionality ofthis thread is enclosed in its try/catch block.Ifan exception occurs during
processing of the requested URL,it is displayed in simple dialog message box (we will learn discuss
JOptionPane in chapter 14).

Theactualjobofretrieving,parsing,and rendering the web pageishidden in asinglecallto the setPage()
method.So why do we need to create this separate thread instead of making that simple call,say,in
BrowserListener? The reason is,as we discussed in chapter 2,by creating separate threads to do
potentially time-consuming operations we avoid clogging up the event-dispatching thread.

Class M emComboBox

ThisclassextendsJComboBox to add ahistoricalmechanism forthiscomponent.Theconstructorcreatesan
underlyingJComboBox component and sets its editable property to true.
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Theadd() methodaddsanew textstringtothebeginningofthelist.Ifthisitem isalreadypresentinthelist,
it is removed from the old position. Iftheresultinglistislongerthanthepre-definedmaximum lengththenthe
last item in the list is truncated.

M ethod load() loads a previously stored ComboBoxModel from file “addresses.dat” using the
serialization mechanism. The significant portion of this method reads an object from an
ObjectInputStream and sets itas the ComboBoxModel.Note thatany possible exceptions are only
printed to the standard outputand purposefully do notdistractthe user(since thisserialization mechanism
should be considered an optional feature).

Similarly,the save() method serializesourcombo box’sComboBoxModel.Any possibleexceptionsare,
again, printed to standard output and do not distract the user.

Class AnimatedLabel

Surprisingly,Swing doesnotprovideany specialsupportforanimated components,so wehaveto createour
own component for this purpose. This provides us with an interesting example of using threads in Java.

Note:Animated GIFsarefully supported by ImageIcon (seechapter5)butwewantcompletecontrolovereach
animated frame here.

AnimatedLabel extends JLabel and implem ents the Runnable interface. Instance variables:

Icon[] m_icons: an array of images to be used for animation.

int m_index: index of the current image.

boolean m_isRunning: flag indicating whether the animation is running.

The constructortakes a common name ofa series ofGIF files containing images foranimation,and the
numberofthosefiles.Theseimagesareloaded and stored into an array.W hen allimagesareloaded athread
withmaximum priority is created and started to run this Runnable instance.

ThesetRunning() and getRunning() methods simplymanage the m_isRunning flag. 

In therun() method wecyclically incrementthe m_index variableand draw an imagefrom the m_icons
array with thecorresponding index,exactly asyou would expectfrom an animated image.Thisisdoneonly
whenthem_isRunning flagissetto true.Otherwise,theimagewith index0 isdisplayed.Afteranimage
is painted, AnimatedLabel yields control to other threads and sleeps for 500 ms.

Theinterestingthingaboutthiscomponentisthatitrunsinparallelwithotherthreadswhichdonotnecessary
yield controlexplicitly.In ourcasetheconcurrentBrowserLoader thread spendsthemain partofitstime
inside the setPage() method,and ouranimated icon runsin a separate thread signaling to the userthat
something isgoing on.Thisismadepossiblebecausethisanimated componentisrunning in thethread with
themaximum priority.Ofcourse,weshouldusesuchthreadprioritywithcaution.Inourcaseitisappropriate
since ourthread consumesonly a smallamountofthe processor'stime and doesyield controlto the lesser-
priority threads (when it sleeps).

Note:AsagoodexercisetryusingthreadswithnormalpriorityorSwing'sTimer componentinthisexample.You
willfind thatthisdoesn'twork asexpected:theanimated icon doesnotshow any animation whilethebrowser
is running.

Running the Code

Figure9.3 showstheBrowser application displaying aweb page.Notethattheanimated icon comesto life
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when the browserrequestsa URL.Also note how the combo box ispopulated with URL addressesaswe
navigate to differentweb pages.Now quitthe application and re-startit.Note thatouraddresseshave been
saved and restored (by serializing the combo box model, as discussed above).

Note:HTM L rendering functionality is notyetmatured.Do notbe surprised ifyourfavorite web page looks
signigicantly differentin ourSwing-based browser.Asa matteroffacteven the JavaSofthome page throws
severalexceptionswhilebeing displayed in thisSwing component.(Theseexceptionsoccuroutsideourcode,
during the JEditorPane rendering--this is why they are not caught and handled by our code.)

UI Guideline : Usage of a M em ory Com bobox 

The example given here is a good usage forsuch a device.However,a memory combobox willnotalways be
appropriate.Rememberthe advice thatusability ofan unsorted comboboxestendsto degrade rapidly asthe
numberofitemsgrows.Therefore,itissensibletodeploythistechniquewherethelikelihoodofmorethansay
20 entriesisvery small.Thebrowserexampleisgood becauseitisunlikely thatauserwould typemorethan
20 URLs in a single web surfing session.

W hereyou haveadomain problem which islikely to need alargernumberofmemory itemsbutyou stillwantto
use a memory combobox,consideradding a sorting algorithm,so thatratherthan mostrecentfirst,you sort
into ameaningfulindex such asalphabeticalorder.Thiswillimproveusability and mean thatyou could easily
populatethe list up to 2 or 3 hundred items.

9.5 Custom editing
In thissection wewilldiscussacustom editing featureto maketheexamplefrom thelastsection even more
convenient and similar to modern browser applications. W e will attach a key event listener to our combo box’s
editor and search for previously viosited URLs with matching beginning strings.If a match occurs the
remainderofthatURL isdisplayed in the editor,and by pressing Enterwe can acceptthe suggestion.M ost
modern browsers also provide this functionality.

Notethatthecaretposition willremain unchanged aswellasthetexton theleftsideofthecaret(i.e.thetext
most likelytypedbytheuser).Thetextontherightsideofthecaretrepresentsthebrowser'ssuggestionwhich
may ormay notcorrespond to the user'sintentions.To avoid distracting the user,thisportion ofthe textis
highlighted, so any newly typed character will replace that suggested text.
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Figure 9.4 JCom boBox w ith custom  editor suggesting previously visited URLs.

<<file figure9-4.gif>>

The Code: Browser.java
see\Chapter9\4

public class Browser extends JFrame 
{
  // Unchanged code from section 9.4

  public Browser() {
    super("HTML Browser [Advanced Editor]");

    // Unchanged code from section 9.4

   MemComboAgent agent = new MemComboAgent(m_locator);

    // Unchanged code from section 9.4
  }
  // Unchanged code from section 9.4
}

class MemComboAgent extends KeyAdapter
{
  protected JComboBox   m_comboBox;
  protected JTextField  m_editor;

  public MemComboAgent(JComboBox comboBox) {
    m_comboBox = comboBox;
    m_editor = (JTextField)comboBox.getEditor().
      getEditorComponent();
    m_editor.addKeyListener(this);
  }

  public void keyReleased(KeyEvent e) {
    char ch = e.getKeyChar();
  if (ch == KeyEvent.CHAR_UNDEFINED || Character.isISOControl(ch))
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      return;
    int pos = m_editor.getCaretPosition();
    String str = m_editor.getText();
    if (str.length() == 0)
      return;

    for (int k=0; k<m_comboBox.getItemCount(); k++) {
      String item = m_comboBox.getItemAt(k).toString();
      if (item.startsWith(str)) {
        m_editor.setText(item);
        m_editor.setCaretPosition(item.length());
        m_editor.moveCaretPosition(pos);
        break;
      }
    }
  }
}

Understanding the Code

Class Browser

Thisclasshasonly onechangein comparison with thepreviousexample:itcreatesan instanceofourcustom
MemComboAgent class and passes it a reference to our m_locator combo box.

Class M emComboAgent

This class extends KeyAdapter to listen for keyboard activity.Ittakes a reference to a JComboBox
componentand storesitin an instancevariablealong with the JTextField componentused asthatcombo
box’seditor.Finally,aMemComboAgent objectaddsitselfto thateditorasaKeyListener to benotified
of all keyboard input that is passed to the editor component.

M ethod keyReleased() is the only method we implement. First this method retrieves the pressed
charactersand verifiesthatthey arenotcontrolcharacters.W ealso retrievethecontentsofthetextfield and
checkthatitisnotempty(toavoidannoyingtheuserwith suggestionsin an empty field).Notethatwhenthis
method is invoked the pressed key will already have been included in this text.

Thismethod then walksthrough thelistofcombo box itemsand searchesforan item starting with thecombo
boxeditortext.Ifsuchanitem isfound itissetasthecombo box editor’stext.Then weplacethecaretatthe
end ofthatstring using setCaretPosition(),and move itback to itsinitialposition in the backward
direction using the moveCaretPosition() method.This finalJTextComponent method places the
caret in its original position and highlights all text to its right (see chapters 11 and 19).

Note:A moresophisticated realization ofthisideamay includeseparateprocessing ofURL protocoland host,as
well as using threads for smooth execution.

Running the Code

Figure 9.4 shows our custom combo box’s editor displaying a portion of a URL address taken from its list. Try 
enteringsomenew addressesand browsing to them.Aftersomeexperimentation,try typing in an addressthat
you havealready visited with thisapplication.Noticethattheenhanced combo box suggeststheremainderof
thisaddressfrom itspull-down list.Press"Enter"assoon asan addressmatchesyourintended selection to
avoid typing the complete URL.
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Chapter 10. List Boxes
In this chapter:

• JList

• Basic JList example

• Custom renderer

• Processing keyboard input and searching

• List of check boxes

10.1 List API overview

class javax.swing.JList

This class represents a basic GUI component allowingtheselectionofoneormoreitemsfrom alistofchoices.
JList has two models:ListModel which handles data in the list,and ListSelectionModel which
handlesitem selection (three differentselection modesare supported which we willdiscussbelow).JList
also supports custom rendering, as we learned in the last chapter, through the implementation of the
ListCellRenderer interface. W e can use existing default implementation of ListCellRenderer
(DefaultListCellRenderer)orcreateourownaccordingtoourparticularneeds(whichwewillseelater
in thschapter).Notethatunlessweuseacustom renderer,thedefaultrendererwilldisplay each elementasa
String definedbythatobject’stoString() method(theonlyexceptionstothisareIcon implementations
which willberenderered asthey would bein any JLabel).Also notethataListCellRenderer returnsa
Component,butthatcomponentis notinteractive and is only used fordisplay purposes (i.e.itacts as a
“rubberstamp”API).Forinstance,ifa JCheckBox is used as a rendererwe willnotbe able to check and
uncheck it. Unlike JComboBox, however, JList does not support editing of any sort. 

A numberofconstructorsareavailableto createa JList component.W ecan usethedefaultconstructoror
pass list data to a constructor as a one-dimensional array,a Vector,or as an implementation of the
ListModel interface.Thelastvariantprovidesmaximum controloveralist'spropertiesand appearance.W e
can also assign datato aJList using thesetModel() method,oroneoftheoverloaded setListData()
methods.

JList doesnotprovide directaccessto itselements,and we mustaccessits ListModel to gain accessto
this data. JList does, however, provide direct access to its selection data by implementing all
ListSelectionModel methods,anddelegatingtheirtraffictotheactualListSelectionModel instance.
To avoid repetition we will discuss selection funcionality below in our overview of ListSelectionModel.

JList maintainsselection foreground and background colors(assigned by itsUIdelegate when installed),
and the defaultcellrenderer,DefaultListCellRenderer,willuse these colorsto renderselected cells.
These colors can be assigned with setSelectedForeground() and setSelectedBackground().
Nonselected cellswillberendered with thecomponentforeground and background colorsassigned to JList
withsetForeground() and setBackground().

JList implementsthe Scrollable interface (see chapter7)to provide verticalunitincrementalscrolling
corresponding the listcellheight,and verticalblock incrementalscrolling corresponding to the numberof
visiblecells.Horizontalunitincrementscrollingcorrespondsto thesizeofthelist’sfont(1 ifthefontisnull),
and horizontalblock unitincrementscrolling correspondsto the currentwidth ofthe list.Thus JList does
not directly support scrolling and is intended to be placed in a JScrollPane.
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The visibleRowCount property specifieshow many cellsshould be visible when a JList isplaced in a
scroll pane. This defaults to 8 and can be set with the setVisibleRowCount() method. Another
interesting method provided by JList isensureIndexIsVisible(),which forcesthelistto scrollitself
so that the element corresponding to the given index becomes visible.Note that JList also supports
autoscrolling (i.e.itwillscrollelementby elementevery 100msifthe mouse isdragged below orabove its
bounds and if an item  has been selected).

Bydefaultthewidthofeachcellisthewidthofthewidestitem,andthehieghtofeachcellcorrespondstothe
hieghtofthetallestitem.W ecan overpowerthisbehaviorand specify ourown fixed cellwidth and heightof
each list cell using the setFixedCellWidth() and setFixedCellHeight() methods.

Another way to control the width and height of each cell is through use of the setPrototypeCellValue()
method. This method takes an Object parameter and uses it to automatically determine the
fixedCellWidth and fixedCellHeight.A typicaluse ofthismethod would be to give ita String.
This forces the listto use a fixed cellwidth and hieghtequalto the width and hieghtofthatstring when
rendered in the Font currently assigned to theJList.

JList also provides a method called locationToIndex() which will return the index of a cell at the given 
Point (in listcoordinates).-1 willbe returned ifnone is found.Unfortunately JList does notprovide
supportfordouble-clicking,butthis method comesin very handy in implementing ourown.The following
psuedocode shows how we can use a MouseAdapter, MouseEvent,and the locationToIndex()
method to determine the JList cell a double-click occurs on:

  myJist.addMouseListener( new MouseAdapter() {
    public void mouseClicked(MouseEvent e) {
      if (e.getClickCount() == 2) {
        int cellIndex = myJList.locationToIndex(e.getPoint());
        // We now have the index of the double-clicked cell..
      }
    }
  });

10.1.1 The ListM odel interface

abstract interface javax.swing.ListM odel

Thisinterfacedescribesadatamodelthatholdsalistofitems.M ethod getElementAt() retrievestheitem
atthegiven position asan Object instance.M ethod getSize() returnsthenumberofitemsin thelist.It
also containstwo methodsallowing the registration ofListDataListeners(see below)to be notified of
additions,removals,and any changes thatoccurto this model.Note thatthis interface leaves the job of
specifyinghow westoreandstructurethedata,aswellashow weadd,remove,orchangeanitem,completely
up to its implementations.

10.1.2 AbstractListM odel

abstract class javax.swing.AbstractListM odel

This class represents a partialimplementation of the ListModel interface.Itdefines the default event
handlingfunctionality,andimplementstheadd/remove ListDataListener methods,aswellasmethodsto
fire ListDataEvents (see below) when additions, removals, and changes occur. The remainder of
ListM odel,methodsgetElementAt() and getSize(),must be implemented in any concrete sub-class.
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10.1.3 DefaultListM odel

class javax.swing.DefaultListM odel

This class represents the concrete default implementation of the ListModel interface. It extends
AbstractListModel and usesa java.util.Vector to storeitsdata.Almostallofthemethodsofthis
classcorrespond directly to Vector methodsand we willnotdiscussthem here.Familiarity with Vectors
implies familiarity with how DefaultListModel works (see API docs).

10.1.4 The ListSelectionM odel interface

abstract interface javax.swing.ListSelectionM odel

This interface describes the modelused forselecting listitems.Itdefines three modes ofselection:single
selection,single contiguous interval selection,and multiple contiguous intervalselection.A selection is
defined asan indexed range,orsetofranges,oflistelements.The beginning ofa selected range (where it
originated)isreferredtoastheanchor,whilethelastitem isreferred to asthelead (theanchorcan begreater
than,lessthan,orequalto thelead).Thelowestselected index isreferred to asthe minimum,and thehighest
selected index isreferred to asthe maximum (regardlessoftheorderin which selection takesplace).Each of
theseindicesrepresentsa ListSelectionModel property.Theminimum and maximum propertiesshould
be-1 whennoselectionexists,andtheanchorandleadmaintaintheirmostrecentvalueuntilanew selection
occurs.

To change selection mode we use the setSelectionMode() method,passing itone of the following
constants: MULTIPLE_INTERVAL_SELECTION, SINGLE_INTERVAL_SELECTION, and
SINGLE_SELECTION. In SINGLE_SELECTION mode only one item can be selected. In
SINGLE_INTERVAL_SELECTION modeacontiguousgroup ofitemscan beselected by selecting an anchor
item, holding down the SHIFT key, and choosing a lead item (which can be at a higher or lower index thanthe
anchor).In MULTIPLE_INTERVAL_SELECTION mode any numberofitems can be selected regardless of
theirlocationbyholdingdowntheCTRL keyandclicking.M ultipleselectionmodealsoallowsuseofSHIFT
to select a contiguous interval, however, this has the effect of clearing the current selection.

ListSelectionModel provides several methods for adding, removing, and manipulating ranges of
selections.M ethodsforregistering/removing ListSelectionListeners(seebelow)areprovided aswell.
Each of these methods is self-explanitory in the API docs and we will not describe them in detail here.

JList defines all the methods declared in this interface and simply delegates all traffic to its
ListSelectionModel instance. This allows access to selection data without the need to directly
communicate with the selection model.

10.1.5 DefaultListSelectionM odel

class javax.swing.DefaultListSelectionM odel

Thisclass representstheconcretedefaultimplementation ofthe ListSelectionModel interface.Itdefines
methods to fire ListSelectionEvents (see below) when a selection range changes.

10.1.6 The ListCellRenderer interface

abstract interface javax.swing.ListCellRenderer

Thisinterfacedescribesacomponentused forrendering alistitem.W ediscussed thisinterface,aswellasits
default concrete implementation,DefaultListCellRenderer, in the last chapter (see 9.1.4 and 9.1.4). W e 
will show how to construct several custom renderers in the examples that follow.
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10.1.7 The ListDataListener interface

abstract interface javax.swing.event.ListDataListener

Definesthreemethodsfordispatching ListDataEventswhen listelementsareadded,removed orchanged
in the ListModel:intervalAdded(),intervalRemoved(), and contentsChanged().

10.1.8 ListDataEvent

class javax.swing.event.ListDataEvent

Thisclassrepresentstheeventdelivered when changesoccurin alist'sListModel.Itincludesthesourceof
the eventas wellas the index ofthe lowestand highestindexed elements affected by the change.Italso
includes the type of event that occurred. Three ListDataEvent types are defined as static ints:
CONTENTS_CHANGED,INTERVAL_ADDED,and INTERVAL_REMOVED.W ecan usethegetType() method
to discover the type of any ListDataEvent.

10.1.9 The ListSelectionListener interface

abstract interface javax.swing.event.ListSelectionListener

Thisinterfacedescribesalistenerwhichlistensforchangesinalist'sListSelectionModel.Itdeclaresthe
valueChanged() method which accepts a ListSelectionEvent.

10.1.10 ListSelectionEvent

class javax.swing.event.ListSelectionEvent

Thisclassrepresentsaneventdeliveredby ListSelectionModel when changesoccurin itsselection.Itis
almostidenticalto ListDataEvent,exceptthattheindicesspecified signify wheretherehasbeen achange
in the selection model, rather than the data model.

UI Guideline : Advice on Usage and Design Usage

M uch ofthe UIGuideline advice forListBoxes is similarto thatofComboboxes.Clearly the two things are
differentand are intended fordifferentpurposes.Deciding when to use one oranothercan be difficult.Our
adviceistothinkaboutreaderoutputratherthandatainput.W henthereaderneedstoseeacollectionofitems
then a ListBox isthe correctchoice.Use a ListBox where there isa collection ofdata,which may grow
dynamically,and forreading purposesitisusefulto seethewholecollection orasmuch ofthecollection as
can reasonably be fitted in the available space, e.g. Department Staff <List of Staff Name>.

Design

LikeComboboxes,thereareanumberofthingswhich affecttheusability ofaListBox.Beyond morethan afew
items,they becomeunusableunlessthedataissorted in somelogicalfashion e.g.alphabetical,numerical.List
Boxes are designed to be used with Scroll Pane. It is assumed that the list will most often be too long to display 
in the available screen space.Using a sensible sorted orderforthe list,allowsthe userto predicthow much
they need to scroll to find what they are looking for.

W hen alistgetslonger,usability isaffected again.Oncea listgetsbeyond a couple ofhundred items,even when
sorted,itbecomesveryslow fortheusertolocatespecificitem inthelist.W henalistbecomessolong,itmay
be better to consider providing a Search Facility, or grouping the data inside the list using a Tree.

GraphicalconsiderationsforListBoxesaremuch likethoseforComboboxes.ListBoxesshould bealigned to fit
attractively into a panel. However, this can be problematic.YoumustavoidmakingaListBoxwhichissimply
too big forthelistitemscontained e.g.aListBox showing supported fileformatssuch as.gifneed only bea
few characters long, don't make it big enough to take 50 characters, as it will look unbalanced.
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Thenatureofthelistitemsmustalso beconsidered.Ifyou have50 itemsin alistwheremostitemsarearound 20
charactersbutone item is50 characterslong then should you make the ListBox big enough to display the
longerone?W ellmaybe,butformostoccasionsyourdisplay willbeunbalanced again.Itisprobably bestto
optimise for the more common length, providing the the longer one still has meaning when read in its truncated 
form.One solution to displaying thewholelength ofatruncated item isto use the tooltip facility.W hen the
User places the mouse over an item, a tooltip appears with the full length data.

10.2 Basic JList example
This example displays a list of the united states using an array of Strings in the following format:

    2-character abbreviation<tab character>full name<tab character>capital

Figure 10.1 A JList displaying a list of Strings containing tab characters.

<<file figure10-1.gif>>

The Code: StatesList.java
see\Chapter10\1

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class StatesList extends JFrame 
{
  protected JList m_statesList;

  public StatesList() {
    super("Swing List [Base]");
    setSize(500, 240);

    String [] states = {
      "AK\tAlaska\tJuneau",
      "AL\tAlabama\tMontgomery",
      "AR\tArkansas\tLittle Rock",
      "AZ\tArizona\tPhoenix",
      "CA\tCalifornia\tSacramento",
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  "CO\tColorado\tDenver",
      "CT\tConnecticut\tHartford",
      "DE\tDelaware\tDover",
      "FL\tFlorida\tTallahassee",
      "GA\tGeorgia\tAtlanta",
      "HI\tHawaii\tHonolulu",
      "IA\tIowa\tDes Moines",
      "ID\tIdaho\tBoise",
      "IL\tIllinois\tSpringfield",
      "IN\tIndiana\tIndianapolis",
      "KS\tKansas\tTopeka",
      "KY\tKentucky\tFrankfort",
      "LA\tLouisiana\tBaton Rouge",
      "MA\tMassachusetts\tBoston",
      "MD\tMaryland\tAnnapolis",
      "ME\tMaine\tAugusta",
      "MI\tMichigan\tLansing",
      "MN\tMinnesota\tSt.Paul",
      "MO\tMissouri\tJefferson City",
      "MS\tMississippi\tJackson",
      "MT\tMontana\tHelena",
      "NC\tNorth Carolina\tRaleigh",
      "ND\tNorth Dakota\tBismarck",
      "NE\tNebraska\tLincoln",
      "NH\tNew Hampshire\tConcord",
      "NJ\tNew Jersey\tTrenton",
      "NM\tNew Mexico\tSantaFe",
      "NV\tNevada\tCarson City",
      "NY\tNew York\tAlbany",
      "OH\tOhio\tColumbus",
      "OK\tOklahoma\tOklahoma City",
      "OR\tOregon\tSalem",
      "PA\tPennsylvania\tHarrisburg",
      "RI\tRhode Island\tProvidence",
      "SC\tSouth Carolina\tColumbia",
      "SD\tSouth Dakota\tPierre",
      "TN\tTennessee\tNashville",
      "TX\tTexas\tAustin",
      "UT\tUtah\tSalt Lake City",
      "VA\tVirginia\tRichmond",
      "VT\tVermont\tMontpelier",
      "WA\tWashington\tOlympia",
      "WV\tWest Virginia\tCharleston",
      "WI\tWisconsin\tMadison",
      "WY\tWyoming\tCheyenne"
    };

    m_statesList = new JList(states);

    JScrollPane ps = new JScrollPane();
    ps.getViewport().add(m_statesList);
    getContentPane().add(ps, BorderLayout.CENTER);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
  addWindowListener(wndCloser);

    setVisible(true);
  }
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  public static void main(String argv[]) {
    new StatesList();
  }
}

Understanding the Code

Class StatesList

Class StatesList extends JFrame to implement the frame container for this example.One instance
variable,JList m_statesList,isused to storean array ofstateStrings(asdescribed above).Thislistis
created by passing the states String array to the JList constructor.Itisthen added to a JScrollPane
instance to provide scrolling capabilities.

Running the Code

Figure 10.1 shows StatesList in action displaying the listof states and their capitals.Note thatthe
separating tab character is displayed as an unpleasant square symbol (we'll fix this in the next example).

UI Guideline : Unbalanced Layout

In thisexample,thedesign isunblanced dueto thetab characternotbeing displayed correctly.Thebox isugly but
the spacing is also wrong.The large whitespace area to the rightoughtto be avoided.The nextexample
corrects this.

10.3 Custom rendering
Inthissection we’lladd theability to allign Stringscontaining tab separatorsinto atable-likearrangement.
W ewanteachtabcharactertoshiftalltextto itsright,to aspecified location instead ofbeing rendered as the
squaresymbolwesaw above.Theselocationsshould be determined uniformly forallelementsofthe listto
form columns that line up correctly.

Note thatthisexample workswellwith proportionalfontsaswellaswith fixed width fonts(i.e.itdoesn’t
matter whatfontwe use because alignmentis notdesigned to be font-dependent).This makes JList a
powerfulbutsimplecomponent,which can beused in placeofJTable in simplecasessuch astheexample
presented here (where the involvement of JTable would create unnecessary overhead).

To accomplish the desired rendering we construct a custom renderer, TabListCellRenderer,which
exposes accessormethods to specify and retreive tab positions based on the index ofa tab characterin a
String being rendered:

getDefaultTab()/setDefaultTab(int):manages the defaulttab size (defaults to 50).In case a
position isnotspecified fora given tab index,we use a defaultsize to determine how farto offseta
portion of text.

getTabs()/setTabs(int[]):managesan array ofpositionsbased on theindex ofatab characterin a
String being rendered.Thesepositionsused in rendering each elementin thelistto provideconisitent
alignment.
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Figure 10.2 Custom  ListCellRenderer to display tab-separated Strings in a table-like fashion.

<<file figure10-2.gif>>

The Code: StatesList.java
see\Chapter10\2

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class StatesList extends JFrame 
{
  protected JList m_statesList;

  public StatesList() {
    // Unchanged code from section 10.2

    m_statesList = new JList(states);
    TabListCellRenderer renderer = new TabListCellRenderer();
    renderer.setTabs(new int[] {50, 200, 300});
    m_statesList.setCellRenderer(renderer);

    // Unchanged code from section 10.2
  }
}

class TabListCellRenderer extends JLabel 
 implements ListCellRenderer
{
  protected static Border m_noFocusBorder;
  protected FontMetrics m_fm = null;
  protected Insets m_insets = new Insets(0, 0, 0, 0);

  protected int m_defaultTab = 50;
  protected int[] m_tabs = null;

  public TabListCellRenderer() {
    super();
    m_noFocusBorder = new EmptyBorder(1, 1, 1, 1);
    setOpaque(true);
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    setBorder(m_noFocusBorder);
  }

  public Component getListCellRendererComponent(JList list,
   Object value, int index, boolean isSelected, boolean cellHasFocus)
  {
    setText(value.toString());

    setBackground(isSelected ? list.getSelectionBackground() : 
      list.getBackground());
    setForeground(isSelected ? list.getSelectionForeground() : 
      list.getForeground());

    setFont(list.getFont());
    setBorder((cellHasFocus) ? UIManager.getBorder(
      "List.focusCellHighlightBorder") : m_noFocusBorder);

    return this;
  }

  public void setDefaultTab(int defaultTab) { 
    m_defaultTab = defaultTab; 
  }

  public int getDefaultTab() { return m_defaultTab; }

  public void setTabs(int[] tabs) { m_tabs = tabs; }

  public int[] getTabs() { return m_tabs; }

  public int getTab(int index) {
    if (m_tabs == null)
      return m_defaultTab*index;
    int len = m_tabs.length;
    if (index>=0 && index<len)
      return m_tabs[index];
    return m_tabs[len-1] + m_defaultTab*(index-len+1);
  }

  public void paint(Graphics g) {
    m_fm = g.getFontMetrics();

    g.setColor(getBackground());
    g.fillRect(0, 0, getWidth(), getHeight());
    getBorder().paintBorder(this, g, 0, 0, getWidth(), getHeight());

    g.setColor(getForeground());
    g.setFont(getFont());
    m_insets = getInsets();
    int x = m_insets.left;
    int y = m_insets.top + m_fm.getAscent();

    StringTokenizer    st = new StringTokenizer(getText(), "\t");
    while (st.hasMoreTokens()) {
      String sNext = st.nextToken();
      g.drawString(sNext, x, y);
      x += m_fm.StringWidth(sNext);
      if (!st.hasMoreTokens())
        break;
      int index = 0;
      while (x >= getTab(index))



61

        index++;
      x = getTab(index);
    }
  }
}

Understanding the Code

Class StatesList

M inor changes have been made to this class (compared to StatesList from the previous section). W e create 
an instanceofourcustom TabListCellRenderer,passitanarrayofpositionsandsetitastherendererfor
ourJList component.

Class TabListCellRenderer

ClassTabListCellRenderer extendsJLabel and implementsthe ListCellRenderer interface to be
used as our custom renderer. 

Class variable:

Border m_noFocusBorder: border to be used when a list item has no focus.

Instance variables:

FontMetrics m_fm: used in calculating text positioning when drawing.

Insets m_insets: insets of the cell being rendered.

int m_defaultTab: default tab size.

int[] m_tabs: an array of positions based on tab index in a String being rendered.

Theconstructorcreatesassignstext,setsitsopaquepropertyto true (torenderthecomponent'sareawiththe
specified background), and sets the border to m_noFocusBorder.

ThegetListCellRendererComponent() method isrequired when implementing ListCellRenderer,
and is called each time a cell is about to be rendered. It takes five parameters:

JList list:reference to the list instance.

Object value:data object to be painted by the renderer.

int index:index of the item in the list.

boolean isSelected:true if the cell is currently selected.

boolean cellHasFocus: true if the cell currently has the focus.

Ourimplementation ofthis method assigns new text,sets the background and foreground (depending on
whetherornotthe cellisselected),setsthe fontto thattaken from the parentlistcomponent,and setsthe
border according to whether or not the cell has input focus.

Fouradditionalmethodsprovide set/getsupportforthe m_defaultTab and m_tabs variables,and do not
require detailed explanation beyond the code listing. N ow let'stake a close look atthe getTab() method
which calculatesand returnsthe position fora given tab index.Ifno tab array,m_tabs,isset,thismethod
returns the m_defaultTab distance (defaultsto50)multipliedbythegiventabindex.Ifthe m_tabs arrayis
notnull and thetab index islessthan it'slength,thepropervaluefrom thatarray isreturned.Otherwise,if
the tab index is greater than the array's length, we have no choice but to use the default tab size again.

Since the JLabel componentdoes notrender tab characters properly,we do notbenefita lotfrom its
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inheritance and implement the paint() method to draw tabbed Strings ourselves.

Note:Because this is a very simple componentthatwe do notplan to enhance with custom UIfunctionality,
overridingpaint() is acceptable.

First,ourpaint() method requestsa reference to the FontMetrics instance forthe given Graphics.
Then we fill the component's rectangle with the background color (which is set in the
getListCellRendererComponent() method depending on whether or not the cell is selected, see above), 
and paint the component's border.

Note: Alternatively we could use the drawTabbedText() method from the
javax.swing.text.Utilities classto draw tabbed text.However,thisrequiresusto implementthe
TabExpander interface.In our case it's easier to draw text directly without using that utility.As an
interesting exercise you can modify the code from thisexample to use drawTabbedText() method.W e
will discuss working with tabs more in chapter 19.

In thenextstep weprepareto draw thetabbed String.W esettheforeground color,font,and determinethe
initialx and y positions for drawing the text, taking into account the component's insets.

Reminder:To draw textin Javayou need to useabaseliney-coordinate.Thisiswhy thegetAscent() valueis
added to they position.ThegetAscent() method returnsthedistancefrom thefont'sbaselineto thetop of
mostalphanumericcharacters.Seechapter2formoreinformationondrawing textandJava2 FontMetrics
caveats.

W e then use a StringTokenizer to parse the String and extractthe portionsseparated by tabs.Each
portion isdrawn with the drawString() method,and thex-coordinateisadjusted to thelength ofthetext.
W e cycle through thisprocess,positioning each portion oftextby calling the getTab() method,untilno
more tabs are found.

Running the Code

Figure10.2showsStatesList displayinganarrayoftab-separated Strings.Notethatthetabsymbolsare
not drawn directly, but form consistently aligned columns inside the list.

UI Guideline : Im proved Balance 

W ith thetab characternow being displayed correctly,thelistbox now hasmuch betterbalance.Theavailablearea
forCapitalCity isstillvery large and asdesigneryou may wish to considerreduing this,thusreducing the
excessive white space to the righthand side.Such a decision would normally be made afterthe ListBox is
seen in situation and necessary alignment and overall panel balance is taken into consideration.

10.4 Processing keyboard input and searching
In this section we willcontinue to enhance our JList states example by adding the ability to selectan
elementwhosetextstartswithacharactercorrespondingto akey press.W ewillalso show how to extendthis
functionality to search for an element whose text starts with a sequence of typed key characters.

To do this, we must use a KeyListener tolistenforkeyboardinput,andaccumulatethisinputina String.
Each time a key ispressed,the listenermustsearch through the listand selectthe firstelementwhose text
matchestheString thatwehaveaccumulated.Ifthetimeintervalbetweentwokeypressesexceedsacertain
pre-defined value,the accumulated String mustbe cleared before appending a new character to avoid
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overflow.

Figure 10.3 JList allow ing accum ulated keyboard input to search for a m atching item .

<<file figure10-3.gif>>

The Code: StatesList.java
see\Chapter10\3

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class StatesList extends JFrame 
{
  protected JList m_statesList;

  public StatesList() {
    // Unchanged code from section 10.3

    m_statesList = new JList(states);
    TabListCellRenderer renderer = new TabListCellRenderer();
    renderer.setTabs(new int[] {50, 200, 300});
    m_statesList.setCellRenderer(renderer);
    m_statesList.addKeyListener(new ListSearcher(m_statesList));

    // Unchanged code from section 10.3
  }
}

class ListSearcher extends KeyAdapter
{
  protected JList m_list;
  protected ListModel m_model;
  protected String m_key = "";
  protected long m_time = 0;

  public static int CHAR_DELTA = 1000;

  public ListSearcher(JList list) {
    m_list = list;
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    m_model = m_list.getModel();
  }

  public void keyTyped(KeyEvent e) {
    char ch = e.getKeyChar();
    if (!Character.isLetterOrDigit(ch))
      return;

    if (m_time+CHAR_DELTA < System.currentTimeMillis())
      m_key = "";
    m_time = System.currentTimeMillis();

    m_key += Character.toLowerCase(ch);
    for (int k=0; k<m_model.getSize(); k++) {
      String str = ((String)m_model.getElementAt(k)).toLowerCase();
      if (str.startsWith(m_key)){
        m_list.setSelectedIndex(k);
        m_list.ensureIndexIsVisible(k);
        break;
      }
    }
  }
}

Understanding the Code

Class StatesList

An instanceofListSearcher isadded to them_statesList componentasaKeyListener.Thisisthe
only difference made to this class with respect to the previous example.

Class ListSearcher

ClassListSearcher extends the KeyAdapter class and defines on class variable:

int CHAR_DELTA:static variable to hold the maximum time intervalin msbetween two subsequentkey
presses before clearing the search key character String.

Instance variables:

JList m_list:list component to search and change selection based on keyboard input.

ListModel m_model:listmodel of m_list.

String m_key:key character String used to search for a match.

long m_time:time in ms of the last key press.

The ListSearcher constructorsimply takesa reference to the parentJList componentand storesitin
instance variable m_list, and its model in m_model.

ThekeyTyped() method is called each time a new character is typed(i.e.akeyispressedandreleased).Our
implementation firstobtainsatyped characterand returnsifthatcharacterisnotletterordigit.keyTyped()
then checksthe time intervalbetween now and the time when the previouskey type eventoccurred.Ifthis
intervalexceedsCHAR_DELTA,them_key String iscleared.Finally,thismethodwalksthroughthelistand
performsacase-insensitivecomparison ofthelistStringsand searching String (m_key).Ifan element’s
textstartswithm_key,thiselementisselectedanditisforcedtoappearwithin ourcurrentJList view using
theensureIndexIsVisible() method.

Running the Code
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Tryoutthesearchfunctionality.Figure10.3showsourlist'sselectionafterpressing"n"immediatelyfollowed
by "j". As expected, New Jersey is selected. 

UI Guideline : Extending Usability and List Size

Thistechniqueofallowing accumulated keyboard inputto siftand selectaListitem,improvesusability by making
thetask ofsearch and locating an item in thelisteasier.Thisextendsthenumberofitemsyou can putin alist
and stillhaveausabledesign.A techniquelikethiscan easily improvetheusefulnessofthelistup to several
thousand entries.

Thisisanothergood exampleofimproved usability when thedevelopertakesextratimeto provideadditionalcode
tomake the User's task easier.

10.5 List of check boxes
ListscancertainlybeusedformorethanjustStrings.W ecaneasilyimaginealistofSwing components.A
listof check boxes is actually common in software packages when prompting for selection of optional
constituentsduring installation.In Swing such a listcan be constructed by implementing a custom renderer
thatusestheJCheckBox component.Thecatchisthatmouseandkeyboardeventsmustbehandledmanually
to check/uncheck these boxes.

The following example showshow to create a listofcheck boxesrepresenting imaginary optionalprogram
constituents.Associated with each componentis an instance ofourcustom InstallData class with the
following fields:

Field Type Description
m_name String Component's name
m_size int Component's size in KB
m_selected boolean true if component is selected

Figure 10.4 JList w ith JCheckBox renderers.

<<file figure10-4.gif>>

The Code: CheckBoxList.java
see\Chapter10\4

import java.awt.*;
import java.awt.event.*;
import java.util.*;
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import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class CheckBoxList extends JFrame 
{
  protected JList  m_list;
  protected JLabel m_total;

  public CheckBoxList() {
    super("Swing List [Check boxes]");
    setSize(280, 250);
    getContentPane().setLayout(new FlowLayout());

    InstallData[] options = {
      new InstallData("Program executable", 118),
      new InstallData("Help files", 52),
      new InstallData("Tools and converters", 83),
      new InstallData("Source code", 133)
    };

    m_list = new JList(options);
    CheckListCellRenderer renderer = new CheckListCellRenderer();
    m_list.setCellRenderer(renderer);
    m_list.setSelectionMode(ListSelectionModel.SINGLE_SELECTION);

    CheckListener lst = new CheckListener(this);
    m_list.addMouseListener(lst);
    m_list.addKeyListener(lst);

    JScrollPane ps = new JScrollPane();
    ps.getViewport().add(m_list);

    m_total = new JLabel("Space required: 0K");

    JPanel p = new JPanel();
    p.setLayout(new BorderLayout());
    p.add(ps, BorderLayout.CENTER);
    p.add(m_total, BorderLayout.SOUTH);
    p.setBorder(new TitledBorder(new EtchedBorder(), 
      "Please select options:") );
    getContentPane().add(p);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);

    recalcTotal();
  }

  public void recalcTotal() {
    ListModel model = m_list.getModel();
    int total = 0;
    for (int k=0; k<model.getSize(); k++) {
      InstallData data = (InstallData)model.getElementAt(k);
      if (data.isSelected())
        total += data.getSize();
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    }
    m_total.setText("Space required: "+total+"K");
  }

  public static void main(String argv[]) {
    new CheckBoxList();
  }
}

class CheckListCellRenderer extends JCheckBox 
 implements ListCellRenderer
{
  protected static Border m_noFocusBorder = 
    new EmptyBorder(1, 1, 1, 1);

  public CheckListCellRenderer() {
    super();
    setOpaque(true);
    setBorder(m_noFocusBorder);
  }

  public Component getListCellRendererComponent(JList list,
   Object value, int index, boolean isSelected, boolean cellHasFocus)
  {
    setText(value.toString());

    setBackground(isSelected ? list.getSelectionBackground() : 
      list.getBackground());
    setForeground(isSelected ? list.getSelectionForeground() : 
      list.getForeground());

   InstallData data = (InstallData)value;
      setSelected(data.isSelected());

    setFont(list.getFont());
    setBorder((cellHasFocus) ? 
    UIManager.getBorder("List.focusCellHighlightBorder")
      : m_noFocusBorder);

    return this;
  }
}

class CheckListener implements MouseListener, KeyListener
{
  protected CheckBoxList m_parent;
  protected JList m_list;

  public CheckListener(CheckBoxList parent) {
    m_parent = parent;
    m_list = parent.m_list;
  }

  public void mouseClicked(MouseEvent e) {
    if (e.getX() < 20)
    doCheck();
  }

  public void mousePressed(MouseEvent e) {}
  public void mouseReleased(MouseEvent e) {}
  public void mouseEntered(MouseEvent e) {}
  public void mouseExited(MouseEvent e) {}
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  public void keyPressed(KeyEvent e) {
    if (e.getKeyChar() == ' ')
      doCheck();
  }

  public void keyTyped(KeyEvent e) {}
  public void keyReleased(KeyEvent e) {}

  protected void doCheck() {
    int index = m_list.getSelectedIndex();
    if (index < 0)
      return;
    InstallData data = (InstallData)m_list.getModel().
      getElementAt(index);
    data.invertSelected();
    m_list.repaint();
    m_parent.recalcTotal();
  }
}

class InstallData
{
  protected String m_name;
  protected int m_size;
  protected boolean m_selected;

  public InstallData(String name, int size) {
    m_name = name;
    m_size = size;
    m_selected = false;
  }

  public String getName() { return m_name; }

  public int getSize() { return m_size; }

  public void setSelected(boolean selected) { 
 m_selected = selected; 

  }

  public void invertSelected() { m_selected = !m_selected; }

  public boolean isSelected() { return m_selected; }

  public String toString() { return m_name+" ("+m_size+" K)"; }
}

Understanding the Code

Class CheckBoxList

CheckBoxList extends JFrame to provide the basic frame for this example. Instance variables:

JList m_list:list to display program constituents.

JLabel m_total:label to display total space required for installation based on selected constituents.

An array offourInstallData objectsispassed to theconstructorofourJList component(notethatwe
use the DefaultListModel,which issufficientforourpurposeshere).SINGLE_SELECTION isused as
our list’s selection mode. An instance of our custom CheckListCellRenderer is created and set as the cell 
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rendererforourlist.An instanceofourcustom CheckListener isthen registered asboth amouseand key
listener to handle item checking / unchecking for each check box (see below).

Thelistcomponentisadded toaJScrollPane toprovidescrollingcapabilities.Then JLabel m_total is
created to display the totalamountofspace required forinstallation based on the currently selected check
boxes.

In previous examples the JList componentoccupied allofourframe's available space.In this example,
however,wearerequiredtoconsideradifferentlayout.JPanel p isnow used to hold both thelistandlabel
(m_total).To ensurethatthelabelwillalwaysbeplaced below thelistweusea BorderLayout.W ealso
use a TitledBorder for this panel’s border to provide visual grouping.

M ethod recalcTotal() stepsthrough thesequenceofInstallData instancescontained in the list,and
calculates the sum of sizes of the selected items. The result is then displayed in the m_total label.

Class CheckListCellRenderer

This class implements the ListCellRenderer interface and is similarto ourTabListCellRenderer
classfrom section 10.3.An importantdifference isthatCheckListCellRenderer extends JCheckBox
(not JLabel) and uses that component to render each item in our list. M ethod
getListCellRendererComponent() setsthecheck box text,determineswhetherornotthecurrentlist
item is selected, and sets the check box’s selection state accordingly (using its inherited
JCheckBox.setSelected() method).

Note:Alternatively wecould useJLabelswith custom iconsto imitatechecked and unchecked boxes.However,
the use of JCheckBox is preferred for graphical consistency with other parts of a GUI.

Class CheckListener

Thisclassimplementsboth MouseListener and KeyListener to processalluserinputwhich can change
thestateofcheck boxesin thelist.Itsconstructortakesa CheckBoxList instanceasparameterin orderto
gain access to the CheckBoxList.recalcTotal() method.

W e’veassumed in this example, that an item's checked state should be changed if:

1. The user clicks the mouse close enough to the item's check box (say, up to 20 pixels from the left edge).

2. The user transfers focus to the item (with the mouse or keyboard) and then presses the space bar.

Bearing thisin mind,two methodsneed to beimplemented:mouseClicked() and keyPressed().They
both callprotected method doCheck() ifeitheroftheconditionsdescribed abovearesatisfied.Allother
methods from the MouseListener and KeyListener interfaces have empty implementations.

M ethod doCheck() determines the firstselected index (the only selected index--recallthatourlistuses
single selection mode)in the listcomponentand retrieves the corresponding InstallData object.This
method then calls invertSelected() to change the checked state ofthatobject.Itthen repaintsthe list
component, and displays the new total by calling the recalcTotal() method.

Class InstallData

ClassInstallData handlesa data unitfor thisexample (itfunctionsasa custom model).InstallData
encapsulatesthreevariablesdescribed atthebeginning ofthissection:m_name,m_size,and m_selected.
Itsonly constructortakes three parameters to fillthese variables.Besides the obvious set/getmethods,the
invertSelected() method is defined to negate the value of m_selected. M ethod toString()
determines the String representation of this object to be used by the list renderer.
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Running the Code

Figure 10.4 shows our list composed of check boxes in action. Select any item and click over the check box, or 
press space bar to change its checked state.Note that the total kilobytes required for these imaginary
implementations is dynamically displayed in the label at the bottom.

UIGuideline:W hen to useCheck Boxesin a ListCheck boxestend to beused insidebordered panesto show
groupings ofmutually related binary attributes.Such a technique is good fora fixed numberofattributes,
however, it becomes problematic when the number of items can vary.

The technique shown here isa good way to solve the problem when the collection ofattributesordata isofan
undetermined size.UseaCheckBox listforbinary (True/False)selection ofitemsfrom acollection ofasize
which cannot be determinedat design time.

Forexample,imaginetheteam selection forafootballteam.Thecoach hasapoolofplayersand needsto indicate
who hasbeen picked fortheSaturday game.W ith such aproblem,you could show thewholepoolofplayers
(sorted alphabetically or by number) in the list and allow the coach to check off each selected player.

Chapter 11. Text Components and 
Undo
In this chapter:

• Text Components overview

• Undo/Redo

11.1 Text Components overview
This chaptersummarizes the mostbasic and commonly used textcomponentfeatures,and introduces the
undo package. In the next chapter we develop a basic JTextArea application in the process of
demonstrating theuseofmenusand toolbars.In chapter19 wediscusstheinnerworkingsoftextcomponents
in much more detail.In chapter20 we develop an extensive JTextPane word processorapplication with
powerful font, style, paragraph, find & replace, and spell-checking dialogs.

11.1.1 JTextComponent

abstract class javax.swing.text.JTextComponent

The JTextComponent classservesasthe super-classofeach Swing textcomponent.Alltextcomponent
functionality isdefined by thisclass,along with theplethoraofsupporting classesand interfacesprovided in
the text package. The text components themselves are members of the javax.swing package:
JTextField, JPasswordField,JTextArea,JEditorPane, and JTextPane.

Note:W e have purposely leftoutmostofthe detailsbehind textcomponentsin thischapterto provide only the
information thatyou willmostlikely need on a regularbasis.If,afterreading thischapter,you would like a
morethorough understanding ofhow textcomponentswork,and how to customizethem ortakeadvantageof
some of the more advanced features, see chapters 19 and 20.
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JTextComponent is an abstractsub-class ofJComponent,and implements the Scrollable interface
(see chapter 7). Each multi-line text component is designed to be placed in a JScrollPane.

Textualcontentismaintained in instancesofthe javax.swing.text.Document interface,which actsas
the text component model. The text package includes two concrete Document implementations:
PlainDocument and StyledDocument.PlainDocument allowsone font,one color,and islimited to
character content.StyledDocument is much more complex,allowing multiple fonts,colors,embedded
images and components, and various sets of hierarchically resolving textual attributes. JTextField,
JPasswordField,and JTextArea each useaPlainDocument model.JEditorPane and JTextPane
useaStyledDocument model. W ecanretrieveatextcomponent’sDocument with getDocument(),and
assign one with setDocument().W e can also attach DocumentListeners to a documentto listen for
changesin thatdocument’stextualcontent(thisismuch differentthan a key listenerbecause alldocument
events are dispatched after a change has been made).

W e can assign and retrieve the color of a text component’s Caret with setCaretColor() and
getCaretColor().W e can also assign and retrieve the currentCaret position in a textcomponent with
setCaretPosition() and getCaretPosition().

The disabledColor property allows assignmentofa fontcolorto use when in the disabled state.The
foreground and background propertiesinherited from JComponent also apply,where the foreground
colorisused asthe fontcolorwhen a textcomponentisenabled,and the background colorisused asthe
background forthewholetextcomponent.Thefontproperty specifiesthefontto renderthetextin.Notethat
the fontproperty,and the foreground and background color properties,do notoverpower any attributes
assigned to styled text components such as JEditorPane and JTextPane.

Alltextcomponentsmaintain information abouttheircurrentselection.W ecan retrievethecurrently selected
textas a String with getSelectedText(),and we can assign and retrieve specific background and
foreground colors to use for selected text with
setSelectionBackground()/getSelectionBackground() and
setSelectionForeground()/getSelectionForeground() respectively.

JTextComponent alsomaintainsabound focusAccelerator property,whichisachar thatisusedto
transferfocusto atextcomponentwhen thecorresponding key ispressed simultaneously with theALT key.
Thisworksinternallybycalling requestFocus() on thetextcomponent,and willoccuraslong asthetop-
levelwindow containing the given textcomponentiscurrently active.W e can assign/retrieve thischaracter
with setFocusAccelerator()/getFocusAccelerator(),and we can turn this functionality offby
assigning‘\0’.

Theread() and write() methodsprovideconvenientwaysto read and writetextdocumentsrespectively.
Theread() method takes a java.io.Reader and an Object describing the Reader stream, and creates a 
new documentmodelappropriate to the given textcomponentcontaining the obtained characterdata.The
write() method stores the content of the documentmodel into a given java.io.Writer stream.

W arning:W e can customize any textcomponent’s documentmodel.However,itis importantto realize that
whenevertheread() method isinvoked anew documentwillbecreated.Unlessthismethod isoverriden,a
custom documentthathad been assigned with setDocument() willbelostwheneverread() isinvoked,
because the current document will be replaced by a default instance.
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11.1.2 JTextField

class javax.swing.JTextField

JTextField is a single-line text component using a PlainDocument model. The
horizonatlAlignment property specifiestextjustification within thetextfield.W ecan assign/retrivethis
property with setHorizontalAlignment()/getHorizontalAlignment,and acceptable values are
JTextField.LEFT,JTextField.CENTER, and JTextField.RIGHT.

ThereareseveralJTextField constructors,two ofwhich allow usto specify anumberofcolumns.W ecan
alsoassign/retrieve thisnumber,thecolumns property,with setColumns()/getColumns().Specifyinga
specificnumberofcolumnsrarelycorrespondstotheactualnumberofcharactersthatwillfitinthattextfield.
Firstly becauseatextfield mightnotreceiveitspreferred sizedueto thecurrentlayoutmanager.Second,the
width of a column is the width of the character ‘m ’ in the current font. Unless a monospaced font is being used, 
this width will be greater than most other characters.

The following example creates14 JTextFieldswith a varying numberofcolumns.Each field containsa
number of ‘m ’s equal to its number of columns.

The Code: JTextFieldTest.java
see\Chapter11\1

import javax.swing.*;
import java.awt.*;

public class JTextFieldTest extends JFrame 
{
  public JTextFieldTest() {
    super("JTextField Test");

    getContentPane().setLayout(new FlowLayout());

    JTextField textField1 = new JTextField("m",1);
    JTextField textField2 = new JTextField("mm",2);
    JTextField textField3 = new JTextField("mmm",3);
    JTextField textField4 = new JTextField("mmmm",4);
    JTextField textField5 = new JTextField("mmmmm",5);
    JTextField textField6 = new JTextField("mmmmmm",6);
    JTextField textField7 = new JTextField("mmmmmmm",7);
    JTextField textField8 = new JTextField("mmmmmmmm",8);
    JTextField textField9 = new JTextField("mmmmmmmmm",9);
    JTextField textField10 = new JTextField("mmmmmmmmmm",10);
    JTextField textField11 = new JTextField("mmmmmmmmmmm",11);
    JTextField textField12 = new JTextField("mmmmmmmmmmmm",12);
    JTextField textField13 = new JTextField("mmmmmmmmmmmmm",13);
    JTextField textField14 = new JTextField("mmmmmmmmmmmmmm",14);

    getContentPane().add(textField1);
    getContentPane().add(textField2);
    getContentPane().add(textField3);
    getContentPane().add(textField4);
    getContentPane().add(textField5);
    getContentPane().add(textField6);
    getContentPane().add(textField7);
    getContentPane().add(textField8);
    getContentPane().add(textField9);
    getContentPane().add(textField10);
    getContentPane().add(textField11);
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    getContentPane().add(textField12);
    getContentPane().add(textField13);
    getContentPane().add(textField14);

    setSize(300,170);
    setVisible(true);
  }

  public static void main(String argv[]) { 
    new JTextFieldTest(); 
  }
}

Figure 11.1 illustrates.Note thatnone ofthe textcompletely fitsin itsfield.Thisisbecause JTextField
does notfactorin the size ofits borderwhen calculating its preferred size,as we mightexpect.To work
aroundthisproblem,althoughnotanidealsolution,wecanaddonemorecolumntoeachtextfield.Theresult
is shown in figure 11.2. This solution is more appropriate when a fixed width font (monospaced) is being used. 
Figure 11.3 illustrates.

Figure 11.1 JTextFields using an equal num ber of colum ns and ‘m ’ characters.

Figure 11.2 JTextFields using one m ore colum n than num ber of ‘m ’ characters.
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Figure 11.3 JTextFields using a m onospaced font, and one m ore colum n than num ber of ‘m  characters.

Note: Using a monospaced font is always more appropriate when a fixed character limit is desired.

JTextField also maintains a BoundedRangeModel (see chapter13)as its horizontalVisibility
property.Thismodelisused to keep track oftheamountofcurrently visibletext.The minimum iszero (the
beginning ofthedocument),and the maximum isequalto thewidth ofthetextfield orthetotallength ofthe
textin pixels(whicheverisgreater).The value isthecurrentoffsetofthetextdisplayed attheleftedgeof
the field, and the extent is the width of the text field in pixels.

By defaulta KeyStroke (see2.13.2)isestablished with ENTER thatcausesan ActionEvent to befired.
By simply adding an ActionListener to a JTextField we willreceive events wheneverENTER is
pressed whilethatfield hasthecurrentfocus.Thisisvery convenientfunctionality,butitmay also getin the
way of things. To remove this registered keystroke we can do the following:

  KeyStroke enter = KeyStroke.getKeyStroke(KeyEvent.VK_ENTER, 0);
  Keymap map = myJTextField.getKeymap();
  map.removeKeyStrokeBinding(enter);

JTextField’s document model can be customized to allow only certain forms of input by extending
PlainDocument and overriding theinsertString() method.Thefollowing codeshowsaclassthatwill
only allow six or less digits to be entered.W e can assign this document to a JTextField with the
setDocument() method (see chapter 19 for more about working with Documents).

    class SixDigitDocument extends PlainDocument
    {
      public void insertString(int offset, 
       String str, AttributeSet a)
        throws BadLocationException {
          char[] insertChars = str.toCharArray();

          boolean valid = true;
          boolean fit = true;
          if (insertChars.length + getLength() <= 6) {
            for (int i = 0; i < insertChars.length; i++) {
              if (!Character.isDigit(insertChars[i])) {
                valid = false;
                break;

 }
            }
          }
          else
            fit = false;
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          if (fit && valid)
            super.insertString(offset, str, a); 
          else if (!fit) 
            getToolkit().beep();
      }
    }

UI Guideline : Don't overly restrict input 

Filtering textfieldsduring dataentry isapowerfulaid to usability.Ithelpspreventtheuserfrom making amistake
and can speed operation by removing the need for validation and correction procedures.However,itis
important not to overly restrict the allowable input. Ensure that all reasonable input is expected and accepted.

Forexample,with aphonenumber,allow "00 1 44 654 7777"and allow "00+1 44 654 7777"and allow "00-1-1-
654-7777" as well as "00144654777". Phone numbers can contain more than just numbers!
Another example might be dates. You should allow "04-06-99", "04/06/99" and "04:06:99" as well as
"040699".

11.1.3 JPasswordField

class javax.swing.JPasswordField

JPasswordField isafairlysimpleextensionofJTextField thatdisplaysanechocharacterinsteadofthe
actualcontentthatisplacedinitsmodel.Thisechocharacterdefaultsto ‘*’,andwecanassignadifferentone
withsetEchoChar().

Unlikeothertextcomponents,wecannotretrievetheactualcontentofaJPasswordField with getText()
(thismethod,along with setText() havebeen deprecated in JPasswordField).Instead wemustusethe
getPassword() method,which returnsan array ofchars.Also notethatJPasswordField overridesthe
JTextComponent copy() and cut() methods to do nothing but emit a beep (for security reasons).

Figure 11.4 shows the JTextFieldDemo exampleofsection11.1.2,using JPasswordFieldsinstead,each
using a monospaced font.

Figure 11.4 JPassw ordFields using a m onospaced font, and one m ore colum n than num ber of characters.

11.1.4 JTextArea

class javax.swing.JTextArea

JTextArea allowsmultiplelinesoftextand,like JTextField,itusesa PlainDocument model.Aswe
discussed above,JTextArea cannotdisplay multiple fonts orfontcolors.JTextArea can perform line
wrapping,and when linewrapping isenabled,wecan specify whetherlinesbreak on word boundariesornot.
To enable/disable line wrapping we setthe lineWrap property with setLineWrap().To enable/disable
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wrapping on boundaries (which will only have an effect when lineWrap is set to true) we set the
wrapStyleWord property using setWrapStyleWord(). Note thatboth lineWrap andwrapStyleWord
are bound properties.

JTextArea overridesisManagingFocus() (see2.12)toreturn true,indicatingthattheFocusManager
willnottransfer focus outof a JTextArea when TAB is pressed.Instead a TAB is inserted into the
document, which is a number of spaces equal to tabSize. W e can assign/retrieve the tab size with
setTabSize()/getTabSize() respectively. tabSize is also a bound property.

There are severalways to add textto a JTextArea’s document.W e can pass this textin to one ofthe
constructors,append itto the end ofthe documentusing the append() method,inserta string ata given
characteroffsetusing the insert() method,orreplace a given range oftextwith the replaceRange()
method.As with any textcomponent,we can also setthe textwith the JTextComponent setText()
method,and wecan add and removetextdirectly from its Document (seechapter19 formoredetailsabout
theDocument interface).

JTextArea maintainslineCount and rows propertieswhich can easily be confused.The rows property
specifieshow many rowsoftextJTextArea isactually displaying.Thismay changewheneveratextareais
resized.The lineCount property specifies how many lines oftextthe documentcontains.This usually
meansasetofcharactersending with alinebreak (‘\n’).W ecan retrievethecharacteroffsetoftheend ofa
given line with getLineEndOffset(), the character offset of the beginning of a given line with
getLineStartOffset(), and the line number that contains a given offset with getLineOfOffset().

The rowHeight and columnWidth propertiesare determined by the heightand with of the currentfont
respectively. The widthofonecolumnisequaltothewidthofthe ‘m ’ characterinthecurrentfont.W ecannot
assign new valuesto the properties,butwe can override the getColumnWidth() and getRowHeight()
methodsin asub-classto return any valuewelike.W ecan explicitly setthenumberofrowsand columnsa
text area contains with setRows() and setColumns(), and the getRows() and getColumns() methods
willonlyreturntheseexplicitlyassignedvalues(notthecurrentrow and column countaswemightassumeat
first glance).

Unlessplaced in a JScrollPane oracontainerusing alayoutmanagerwhich enforcesacertain size(ora
layout manager using the preferredSize of its children), JTextArea will resize itself dynamically
depending on the amount of text entered. This behavior is rarely desired.

11.1.5 JEditorPane

class javax.swing.JEditorPane

JEditorPane is a multi-line textcomponentcapable ofdisplaying and editing various differenttypes of
content.SwingprovidessupportforHTM L and RTF,butthereisnothing stopping usfrom defining ourown,
or implementing support for an alternate format.

Note: Swing’s support for HTM L and RTF is located in the javax.swing.text.html and
javax.swing.text.rtf packagesrespectively.Atthe time of thiswriting the html package wasstill
goingthroughmajorchanges.Thertf packagewasalsostillunderdevelopment,butwasclosertoafinalized
statethanHTM L support.Forthisreasonwedevotedchapter20tothestep-wiseconstructionofanRTF word
processorapplication.W eexpectto seestrongersupportfordisplaying and editing HTM L in afutureJava2
release.

Support for different content is accomplished in part through the use of custom EditorKit objects.
JEditorPane’scontentType property is aString representing thetypeofdocumenttheeditorpaneis
currently setup to display.The EditorKit maintainsthisvaluewhich,forDefaultEditorKit,defaults
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to “text/plain.” HTMLEditorKit and RTFEditorKit have contentType values of “text/html” and
“text/rtf” respectively (see chapter 19 for more about EditorKits).

In chapter9 we builta simple web browserusing a non-editable JEditorPane by passing a URL to its
constructor.W hen in non-editable mode JEditorPane displays HTM L pretty much as we mightexpect
(although ithasa long way to go to match Netscape).By allowing editing,JEditorPane willdisplay an
HTM L document with many of its tags specially rendered as shown in figure 11.1 (compare this to figure 9.4).

Figure 11.5 JEditorPane displaying HTM L in editable m ode.

JEditorPane issmartenough to usean appropriate EditorKit,ifoneisavailable,to display adocument
passed to it.W hen displaying an HTM L document,JEditorPane firesHyperlinkEvents(defined in the
javax.swing.event package). W e can attach HyperlinkListenersto JEditorPane to listen for
hyperlink invocations,asdemonstrated by the examplesatthe end ofchapter9.The following code shows
how simple it is to construct an HTM L browser using an active HyperlinkListener.

  m_browser = new JEditorPane(
    new URL("http://java.sun.com/products/jfc/tsc/index.html"));
  m_browser.setEditable(false);
  m_browser.addHyperlinkListener( new HyperlinkListener() {
    public void hyperlinkUpdate(HyperlinkEvent e) {
      if (e.getEventType() == HyperlinkEvent.EventType.ACTIVATED) {
        URL url = e.getURL();
        if (url == null)
          return;
        try { m_browser.setPage(e.getURL); }
        catch (IOException e) { e.printStackTrace(); }
      }
    }
  }

JEditorPane uses a Hashtable to store its editorkit/contenttype pairs.W e can query this table and
retrieve the editor kit associated with a particular content type, if there is one, using the
getEditorKitForContentType() method.W e can getthe currenteditorkitwith getEditorKit(),
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and the current content type with getContentType(). W e can set the current content type with
setContentType(),and ifthereisan appropriateeditorkitin JEditorPane’shash tabletheappropriate
editorkitwillreplace the currentone.W e can also assign an editorkitfora given contenttype using the
setEditorKitForContentType() method (we will discuss EditorKits, and the ability to construct our 
own, in chapter 19).

JEditorPane usesaDefaultStyledDocument asitsmodel.InHTM L modean HTMLDocument,which
extendsDefaultStyledDocument,isused.DefaultStyledDocument isquitepowerful,allowingusto
associate attributes with characters, paragraphs, and apply logical styles (see chapter 19).

11.1.6 JTextPane

class javax.swing.JTextPane

JTextPane extends JEditorPane and thusinheritsitsabilitiesto display varioustypesofcontent.The
mostsignificantfunctionality JTextPane offersistheabilitytoprogrammaticallyassignattributestoregions
of its content, and embed components and images within its document.

To assign attributesto a region ofdocumentcontentwe use an AttributeSet implementation.W e will
describe AttributeSets in detailin chapter19,butitsuffices to say here thatthey contain a group of
attributessuch asfonttype,fontstyle,fontcolor,paragraph and characterproperties,etc.Theseattributesare
assigned through the use of various static methods defined in the StyleConstants class, which we will also 
discuss further in chapter 19.

The following example demonstrates embedded icons, components, and stylized text. Figure 11.6 illustrates.
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Figure 11.6 JTextPane w ith inserted Im ageIcons, text w ith attributes, and an active JButton.

The Code: JTextPaneDem o.java
see\Chapter11\2

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import javax.swing.*;
import javax.swing.text.*;

public class JTextPaneDemo extends JFrame 
{
  static SimpleAttributeSet ITALIC_GRAY = new SimpleAttributeSet();
  static SimpleAttributeSet BOLD_BLACK = new SimpleAttributeSet();
  static SimpleAttributeSet BLACK = new SimpleAttributeSet();

  JTextPane m_editor = new JTextPane();

  // Best to reuse attribute sets as much as possible.
  static {
    StyleConstants.setForeground(ITALIC_GRAY, Color.gray);
    StyleConstants.setItalic(ITALIC_GRAY, true);
    StyleConstants.setFontFamily(ITALIC_GRAY, "Helvetica");
    StyleConstants.setFontSize(ITALIC_GRAY, 14);

    StyleConstants.setForeground(BOLD_BLACK, Color.black);
    StyleConstants.setBold(BOLD_BLACK, true);
    StyleConstants.setFontFamily(BOLD_BLACK, "Helvetica");
    StyleConstants.setFontSize(BOLD_BLACK, 14);

    StyleConstants.setForeground(BLACK, Color.black);
    StyleConstants.setFontFamily(BLACK, "Helvetica");
    StyleConstants.setFontSize(BLACK, 14);
  }

  public JTextPaneDemo() {
    super("JTextPane Demo");

    JScrollPane scrollPane = new JScrollPane(m_editor);
    getContentPane().add(scrollPane, BorderLayout.CENTER);

    setEndSelection();
    m_editor.insertIcon(new ImageIcon("manning.gif"));
    insertText("\nHistory: Distant\n\n", BOLD_BLACK);

    setEndSelection();
    m_editor.insertIcon(new ImageIcon("Lee_fade.jpg"));
    insertText("                                    ", BLACK);
    setEndSelection();
    m_editor.insertIcon(new ImageIcon("Bace_fade.jpg"));

    insertText("\n      Lee Fitzpatrick            "
      + "                                    "
      + "Marjan Bace\n\n", ITALIC_GRAY);

    insertText("When we started doing business under " +
      "the Manning name, about 10 years ago, we were a very " +
      "different company. What we are now is the end result of " +
      "an evolutionary process in which accidental " +
      "events played as big a role, or bigger, as planning and " + 



80

      "foresight.\n", BLACK);

    setEndSelection();
    JButton manningButton = new JButton("Visit Manning");
    manningButton.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        m_editor.setEditable(false);
        try { m_editor.setPage("http://www.manning.com"); }
        catch (IOException ioe) { ioe.printStackTrace(); }
      } 
    });
    m_editor.insertComponent(manningButton);

    setSize(500,450);
    setVisible(true);
  }

  protected void insertText(String text, AttributeSet set) {
    try {
      m_editor.getDocument().insertString(
        m_editor.getDocument().getLength(), text, set); 
    } 
    catch (BadLocationException e) {
      e.printStackTrace();
    }
  }

  protected void setEndSelection() {
    m_editor.setSelectionStart(m_editor.getDocument().getLength());
    m_editor.setSelectionEnd(m_editor.getDocument().getLength());
  }

  public static void main(String argv[]) { 
    new JTextPaneDemo(); 
  }
}

As demonstrated above,we can insertimages and components with JTextPane’s insertIcon() and
insertComponent() methods.Note thatthese methods insertthe given objectby replacing the current
selection.Ifthereisnocurrentselectionthey willbeplacedatthebeginningofthedocument.Thisiswhywe
defined the setEndSelection() method in ourexample above to pointthe selection to the end ofthe
document where we want to do insertions.

W hen inserting text,we cannotsimply append itto the textpane itself.Instead we retrieve itsdocumentand
callinsertString(). To give attributes to inserted text we can construct AttributeSet implementations,
and assign attributes to thatsetusing the StyleConstants class.In the example above we do this by
constructing three SimpleAttributeSets as static instances (so that they may be reused as much as
possible).

As an extension of JEditorPane,JTextPane uses a DefaultStyledDocument forits model.Text
panes use a special editor kit, DefaultStyledEditorKit, to manage their Actions and Views.
JTextPane also supports the use ofStyles,which are named collections ofattributes.W e willdiscuss
styles as well as many other advanced features of JTextPane in chapters 19 and 20.

11.2 Undo/Redo
Undo/redo optionsare commonplace in applicationssuch aspaintprogramsand word processors,and have
been used extensively throughout the writing of this book! It isinterestingthatthisfunctionalityisprovidedas
partoftheSwing library,asitiscompletely Swing independent.In thissection wewillbriefly introducethe
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javax.swing.undo constituents,and in theprocessofdoing so,wewillpresentan exampleshowing how
undo/redo functionality can be integrated into any app.The textcomponentscome with built-in undo/redo
functionality, and we will also discuss how to take advantage of this.

11.2.1 The UndoableEdit interface

abstract interface javax.swing.undo.UndoableEdit

Thisinterface actsasa template definition foranything thatcan be undone/redone.Implementationsshould
normally be very lightweight, as undo/redo operations com monly occur quickly in succession.

UndoableEditsaredesigned to havethreestates:undoable,redoable,and dead.W hen an UndoableEdit
isin theundoablestate,calling undo() willperform an undo operation.Similarly,when an UndoableEdit
is in the redoable state, calling redo() will perform a redo operation.M ethodscanUndo() andcanRedo()
provide waysto check whetherornotan UndoableEdit isin the undoable orredoable state respectively.
W ecanusethedie() methodtoexplicitlysendan UndoableEdit tothedeadstate.W heninthedeadstate,
anUndoableEdit cannot be undone or redone, and any attempt to do so will generate an exception.

UndoableEdits maintains three String properties (normally used as menu item text):
presentationName,undoPresentationName,and redoPresentationName.M ethodsaddEdit()
and replaceEdit() are meant to be used to merge two edits and replace an edit, respectively.
UndoableEdit also definesthe conceptofsignificantand insignificantedits.An insignificanteditisone
thatUndoManager (see 11.2.6)ignoreswhen an undo/redo requestismade.CompoundEdit (see 11.2.3),
however,willpay attention to both significantand insignificantedits.The significant property ofan
UndoableEdit can be queried with isSignificant().

11.2.2 AbstractUndoableEdit

class javax.swing.undo.AbstractUndoableEdit

AbstractUndoableEdit implementsUndoableEdit anddefinestwobooleanpropertiesrepresentingthe
three UndoableEdit states.The alive property istrue when an editisnotdead.The done property is
true when an undo can be performed, and false when a redo can be performed.

The default behavior provided by this class is good enough for most sub-classes. All
AbstractUndoableEdits are significant, and the undoPresentationName and
redoPresentationName properties are formed by simply appending “Undo” and “Redo” to
presentationName.

Thefollowing exampledemonstratesabasicsquarepainting program with undo/redo functionality.Thisapp
simply drawsa square outline wherevera mouse pressoccurs.A Vector ofPointsismaintained which
represent the upper left-hand corner of each square that is drawn on the canvas. W e create an
AbstractUndoableEdit sub-class to maintain a reference to a Point, with undo() and redo()
methods that remove and add that Point from the Vector, respectively. Figure 11.7 illustrates.
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Figure 11.7 A square painting app w ith one level of undo/redo.

The Code: UndoRedoPaintApp.java
see\Chapter11\3

import java.util.*;
import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.undo.*;

public class UndoRedoPaintApp extends JFrame
{
  protected Vector m_points = new Vector();
  protected PaintCanvas m_canvas = new PaintCanvas(m_points);
  protected UndoablePaintSquare m_edit;
  protected JButton m_undoButton = new JButton("Undo");
  protected JButton m_redoButton = new JButton("Redo");

  public UndoRedoPaintApp() {
    super("Undo/Redo Demo");

    m_undoButton.setEnabled(false);
    m_redoButton.setEnabled(false);

    JPanel buttonPanel = new JPanel(new GridLayout());
    buttonPanel.add(m_undoButton);
    buttonPanel.add(m_redoButton);

    getContentPane().add(buttonPanel, BorderLayout.NORTH);
    getContentPane().add(m_canvas, BorderLayout.CENTER);

    m_canvas.addMouseListener(new MouseAdapter() {
      public void mousePressed(MouseEvent e) {
        Point point = new Point(e.getX(), e.getY());
        m_points.addElement(point);
        m_edit = new UndoablePaintSquare(point, m_points);
        m_undoButton.setText(m_edit.getUndoPresentationName());
        m_redoButton.setText(m_edit.getRedoPresentationName());
        m_undoButton.setEnabled(m_edit.canUndo());
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        m_redoButton.setEnabled(m_edit.canRedo());
        m_canvas.repaint();
      }
    });

    m_undoButton.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        try { m_edit.undo(); }
        catch (CannotRedoException cre) { cre.printStackTrace(); }
        m_canvas.repaint();
        m_undoButton.setEnabled(m_edit.canUndo());
        m_redoButton.setEnabled(m_edit.canRedo());
      }
    });

    m_redoButton.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        try { m_edit.redo(); }
        catch (CannotRedoException cre) { cre.printStackTrace(); }
        m_canvas.repaint();
        m_undoButton.setEnabled(m_edit.canUndo());
        m_redoButton.setEnabled(m_edit.canRedo());
      }
    });

    setSize(400,300);
    setVisible(true);
  }

  public static void main(String argv[]) { 
    new UndoRedoPaintApp(); 
  }
}

class PaintCanvas extends JPanel
{
  Vector m_points;
  protected int width = 50;
  protected int height = 50;

  public PaintCanvas(Vector vect) {
    super();
    m_points = vect;
    setOpaque(true);
    setBackground(Color.white);
  }

  public void paintComponent(Graphics g) {
    super.paintComponent(g);
    g.setColor(Color.black);
    Enumeration enum = m_points.elements();
    while(enum.hasMoreElements()) {
      Point point = (Point) enum.nextElement();
      g.drawRect(point.x, point.y, width, height);
    }
  }
}

class UndoablePaintSquare extends AbstractUndoableEdit 
{
  protected Vector m_points;
  protected Point m_point;
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  public UndoablePaintSquare(Point point, Vector vect) {
    m_points = vect;
    m_point = point;
  }

  public String getPresentationName() {
    return "Square Addition";
  }

  public void undo() {
    super.undo();
    m_points.remove(m_point);
  }

  public void redo() {
    super.redo();
    m_points.add(m_point);
  }
}

One thing to note about this example is that itisextremelylimited.Becausewearenotmaintaininganordered
collection of UndoableEdits we can only perform one undo/redo.CompoundEdit and UndoManager
directly address this limitation.

11.2.3 CompoundEdit

class javax.swing.undo.CompoundEdit

This class extends AbstractUndoableEdit to support an ordered collection of UndoableEdits,
maintained as a protected Vector called edits. UndoableEdits can be added to this vector with
addEdit(), but they cannot so easily be removed (for this, a sub-class would be necessary). 

Even though CompoundEdit is more powerfulthan AbstractUndoableEdit,itis farfrom the ideal
solution.Editscannotbeundoneuntilalleditshavebeen added.OnceallUndoableEditsareadded weare
expected to callend(),atwhich pointCompoundEdit willno longeracceptany additionaledits.Once
end() iscalled, acallto undo() willundo alledits,whethersignificantornot.A redo() willthen redo
them all,and wecan continueto cycleback and forth likethisaslong asthe CompoundEdit itselfremains
alive. For this reason, CompoundEdit is useful for a pre-defined or intentionally limited set of states.

CompoundEdit introducesan additionalstate property called inProgress,which istrue ifend() has
notbeen called.W e can retrieve the value of inProgess with isInProgress().The significant
property,inherited from UndoableEdit,willbetrue ifoneormoreofthecontained UndoableEditsis
significant, and false otherwise.

11.2.4 UndoableEditEvent

class javax.swing.event.UndoableEditEvent

This event encapsulates a source Object and an UndoableEdit, and is meant to be passed to
implementations of the UndoableEditListener interface.
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11.2.5 The UndoableEditListener interface

class javax.swing.event.UndoableEditListener

Thislistenerisintendedforusebyanyclasswishingtolistenforoperationsthatcanbeundone/redone.W hen
such an operation occurs an UndoableEditEvent can be sent to an UndoableEditListener for
processing. UndoManager implements this interface so we can simply add it to any class defining
undoable/redoable operations. ItisimportanttoemphasizethatUndoableEditEventsarenotfiredwhenan
undo orredo actually occurs,butwhen an operation occurswhich hasan UndoableEdit associated with it.
Thisinterfacedeclaresonemethod,undoableEditHappened(),whichacceptsan UndoableEditEvent.
W e are generally responsible forpassing UndoableEditEventsto thismethod.The example in the next
section demonstrates.

11.2.6 UndoM anager

class javax.swing.undo.UndoM anager

UndoManager extendsCompoundEdit and relievesusofthe limitation where undosand redoscannotbe
performed untiledit() iscalled.Italso relievesusofthelimitation wherealleditsareundoneorredoneat
once. Another major difference from CompoundEdit is that UndoManager simply skips over all
insignificant edits when undo() or redo() is called, effectivelynotpayingthem anyattention.Interestingly,
UndoManager allows us to add edits while inProgress is true, but if end() is ever called,
UndoManager immediately starts acting like a CompoundEdit.

UndoManager introducesanew statecalled undoOrRedo which,when true,signifiesthatcalling undo()
orredo() is valid. This property can only be true if there is more than one edit stored, and only if there is at 
leastoneeditin theundoablestateand onein theredoablestate.Thevalueofthisproperty can beretrieved
with canUndoOrRedo(), and the getUndoOrRedoPresentationName() method will return an
appropriate name for use in a menu item or elsewhere. 

W e can retrieve the next significant UndoableEdit that is scheduled to be undone or redone with
editToBeUndone() or editToBeRedone() respectively. W e can kill all stored edits with
discardAllEdits(). M ethods redoTo() and undoTo() can be used to programmatically invoke undo()
orredo() on all edits from the current edit to the edit provided as parameter.

W e can setthe maximum numberofeditsthatcan be stored with setLimit().The value ofthe limit
property (100 by default)can be retrieved with getLimit(),and ifitis setto a value smallerthan the
currentnumberofedits,they editswillbereduced using theprotected trimForLimit() method.Based on
the index ofthe currenteditwithin the edits vector,this method willattemptto killthe mostbalanced
number of edits in undoable and redoable states as it can in order to achieve the given limit. The further an edit 
is(based on itsvectorindex in theeditsvector)themoreofacandidateitisfordeath when atrim occurs,as
edits sentenced to death are taken from the extreme ends of the edits vector.

Itisvery importantto notethatwhen an editisadded to the edits vector,alleditsin theredoablestate(i.e.
those appearing afterthe index ofthe currentedit)do notsimply getmoved up one index.Rather,they are
killed off.So,forexample,supposein aword processorapplication you entersometext,changethestyleof
10 differentregionsofthattext,and then undo themostrecent5 styleadditions.Then a new stylechangeis
made.Thefirst5stylechangesthatweremaderemainintheundoablestate,andthenew editisadded,alsoin
theundoablestate.However,the5 stylechangesthatwereundone(i.e.moved to theredoablestate)arenow
completely lost.

Note:Allpublic UndoManager methodsare synchronized to enable thread-safety,and make UndoManager a
good candidate for use as a central undo/redo manager for any number of functionalities.
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The following code showshow we can modify ourUndoRedoPaintApp example to allow multiple undos
and redos using an UndoManager.Because UndoManager implements UndoableEditListener,we
should normally add UndoableEdits to itusing the undoableEditHappened() method rather than
addEdit().Thisisbecause undoableEditHappened() callsaddEdit() forus,and atthe same time
allowsustokeeptrack ofthesourceoftheoperation.ThisenablesUndoManager to actasacentrallocation
for all undo/redo edits in an app.

The Code: UndoRedoPaintApp.java
see\Chapter11\4

import java.util.*;
import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.undo.*;
import javax.swing.event.*;

public class UndoRedoPaintApp extends JFrame
{
  protected Vector m_points = new Vector();
  protected PaintCanvas m_canvas = new PaintCanvas(m_points);
  protected UndoManager m_undoManager = new UndoManager();
  protected JButton m_undoButton = new JButton("Undo");
  protected JButton m_redoButton = new JButton("Redo");

  public UndoRedoPaintApp() {
    super("Undo/Redo Demo");

    m_undoButton.setEnabled(false);
    m_redoButton.setEnabled(false);

    JPanel buttonPanel = new JPanel(new GridLayout());
    buttonPanel.add(m_undoButton);
    buttonPanel.add(m_redoButton);

    getContentPane().add(buttonPanel, BorderLayout.NORTH);
    getContentPane().add(m_canvas, BorderLayout.CENTER);

    m_canvas.addMouseListener(new MouseAdapter() {
      public void mousePressed(MouseEvent e) {
        Point point = new Point(e.getX(), e.getY());
        m_points.addElement(point);

        m_undoManager.undoableEditHappened(new UndoableEditEvent(m_canvas,
          new UndoablePaintSquare(point, m_points)));

        m_undoButton.setText(m_undoManager.getUndoPresentationName());
        m_redoButton.setText(m_undoManager.getRedoPresentationName());
        m_undoButton.setEnabled(m_undoManager.canUndo());
        m_redoButton.setEnabled(m_undoManager.canRedo());
        m_canvas.repaint();
      }
    });

    m_undoButton.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        try { m_undoManager.undo(); }
        catch (CannotRedoException cre) { cre.printStackTrace(); }
        m_canvas.repaint();
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        m_undoButton.setEnabled(m_undoManager.canUndo());
        m_redoButton.setEnabled(m_undoManager.canRedo());
      }
    });

    m_redoButton.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        try { m_undoManager.redo(); }
        catch (CannotRedoException cre) { cre.printStackTrace(); }
       m_canvas.repaint();
        m_undoButton.setEnabled(m_undoManager.canUndo());
        m_redoButton.setEnabled(m_undoManager.canRedo());
      }
    });

    setSize(400,300);
    setVisible(true);
  }

  public static void main(String argv[]) { 
 new UndoRedoPaintApp(); 

  }
}

// Classes PaintCanvas and UndoablePaintSquare unchanged
// from 11.2.2

Run thisexampleand notethatwecan haveup to 100 squaresin theundoableorredoablestateatany given
time.Alsonotethatwhenseveralsquaresareintheredoablestate,addinganew squarewillkillthem,andthe
redo button will become disabled (indicating that no redos can be performed).

11.2.7 The StateEditable interface

abstract interface javax.swing.undo.StateEditable

TheStateEditable interfaceisintended foruseby objectsthatwish to maintain specific before(pre)and
after (post)states.Thisprovidesan alternative to managing undosand redosin UndoableEdits.Once a
before and afterstate is defined we can use a StateEdit objectto switch between the two states.Two
methodsmustbeimplementedby StateEditable implementations.storeState() isintendedtobeused
by an objectto storeitsstateasasetofkey/valuepairsin agiven Hashtable.Normally thisentailsstoring
thenameofan objectand acopy ofthatobject(unlessaprimitiveisstored).restoreState() isintended
to be used by an object to restore its state according to the key/vaue pairs stored in a given Hashtable.

11.2.8 StateEdit

class javax.swing.undo.StateEdit

StateEdit extendsAbstractUndoableEdit,and ismeantto storethebeforeand afterHashtablesof
aStateEditable instance.W henaStateEdit isinstantiateditispassed aStateEditable object,and
a protected Hashtable called preState is passed to thatStateEditable’s storeState() method.
Similarly,when end() iscalled on aStateEdit,aprotected Hashtable called postState ispassed to
the corresponding StateEditable’s storeState() method.After end() is called,undos and redos
toggle the state ofthe StateEditable between postState and preState by passing the appropriate
Hashtable to that StateEditable’srestoreState() method.
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11.2.9 UndoableEditSupport

class javax.swing.undo.UndoableEditSupport

This convenience class is used for managing UndoableEditListeners.W e can add and remove an
UndoableEditListener with addUndoableEditListener() and
removeUndoableEditListener() respectively.UndoableEditSupport maintainsan updateLevel
property which basically specifieshow many timesthe beginUpdate() method hasbeen called.Aslong as
thisvalue isabove 0,UndoableEditsadded with the postEdit() method willbe stored in a temporary
CompoundEdit object without being fired. The endEdit() method decrements the updateLevel
property. W hen updateLevel is 0, any calls to postEdit() will fire the edit passed in, or the
CompoundEdit that has been accumulating edits up to that point.

W arning:The endUpdate() and beginUpdate() methodsmay callundoableEditHappened() in each
UndoableEditListener, possibly resulting in deadlock if these methods are actually invoked from one of 
the listeners themselves.

11.2.10 CannotUndoException

class javax.swing.undo.CannotUndoException

This exception is thrown when undo() is invoked on an UndoableEdit that cannot be undone.

11.2.11 CannotRedoException

class javax.swing.undo.CannotRedoException

This exception is thrown when redo() is invoked on an UndoableEdit that cannot be redone.

11.2.12 Using built-in text component undo/redo functionality

AlldefaulttextcomponentDocument modelsfire UndoableEdits.ForPlainDocumentsthisinvolves
keeping track oftextinsertions and removals,as wellas any structuralchanges.For StyledDocuments,
however,thisinvolveskeeping track ofamuch largergroup ofchanges.Fortunately thiswork hasbeen built
into thesedocumentmodelsforus.Thefollowing exampleshowshow easy itisto add undo/redo supportto
text components. Figure 11.8 illustrates.
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Figure 11.8 Undo/Redo functionality added to a JTextArea.

The Code: UndoRedoTextApp.java
see\Chapter11\5

import java.awt.*;
import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.undo.*;
import javax.swing.event.*;

public class UndoRedoTextApp extends JFrame
{
  protected JTextArea m_editor = new JTextArea();
  protected UndoManager m_undoManager = new UndoManager();
  protected JButton m_undoButton = new JButton("Undo");
  protected JButton m_redoButton = new JButton("Redo");

  public UndoRedoTextApp() {
    super("Undo/Redo Demo");

    m_undoButton.setEnabled(false);
    m_redoButton.setEnabled(false);

    JPanel buttonPanel = new JPanel(new GridLayout());
    buttonPanel.add(m_undoButton);
    buttonPanel.add(m_redoButton);

    JScrollPane scroller = new JScrollPane(m_editor);

    getContentPane().add(buttonPanel, BorderLayout.NORTH);
    getContentPane().add(scroller, BorderLayout.CENTER);

    m_editor.getDocument().addUndoableEditListener(
     new UndoableEditListener() {
      public void undoableEditHappened(UndoableEditEvent e) {
        m_undoManager.addEdit(e.getEdit());
        updateButtons();
      }
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    });

    m_undoButton.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        try { m_undoManager.undo(); }
        catch (CannotRedoException cre) { cre.printStackTrace(); }
        updateButtons();
      }
    });

    m_redoButton.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        try { m_undoManager.redo(); }
        catch (CannotRedoException cre) { cre.printStackTrace(); }
        updateButtons();
      }
    });

    setSize(400,300);
    setVisible(true);
  }

  public void updateButtons() {
    m_undoButton.setText(m_undoManager.getUndoPresentationName());
    m_redoButton.setText(m_undoManager.getRedoPresentationName());
    m_undoButton.setEnabled(m_undoManager.canUndo());
    m_redoButton.setEnabled(m_undoManager.canRedo());
  }

  public static void main(String argv[]) { 
    new UndoRedoTextApp(); 
  }
}

Chapter 12. M enus, Toolbars, and 
Actions
In this chapter:

• M enus, Toolbars, and Actions overview

• Basic text editor: part I - M enus

• Basic text editor: part II - Toolbars and Actions

• Basic text editor: part III - Custom toolbar components

• Basic text editor: part IV- Custom menu components

12.1 M enus, toolbars, and actions overview
Drop-down menu bars,context-sensitivepopup menus,and draggabletoolbarshavebecomecommonplacein
manymodern applications. It is nosurprisethatSwingoffersthesefeatures,andinthissectionwewilldiscuss
the classesand interfacesthatunderly them.The remainderofthischapteristhen devoted to the stepwise
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construction of a basic text editor application to demonstrate each feature discussed here.

12.1.1 The SingleSelectionM odel interface

abstract interface javax.swing.SingleSelectionM odel

Thissimple interface describesa modelwhich maintainsa single selected elementfrom a given collection.
M ethods to assign,retrieve,and cleara selected index are declared,as wellas methods forattaching and
removing ChangeListeners.Implementations are responsible for the storage and manipulation of the
collection to beselected from,maintaining an int property representing theselected element,maintaining a
boolean property specifying whetherornotan elementisselected,and areexpected to fireChangeEvents
whenever the selected index changes. 

12.1.2 DefaultSingleSelectionM odel

class javax.swing.DefaultSelectionM odel

Thisisthedefaultimplementation ofSingleSelectionModel used by JMenuBar and JMenuItem.The
selectedIndex propertyrepresentstheselected index atany giventimeand is-1 when nothing isselected.
As expected we can add and remove ChangeListeners, and the protected fireStateChanged()
method is responsible for dispatching ChangeEvents whenever the selectedIndex property changes.

12.1.3 JM enuBar

class javax.swing.JM enuBar

JMenuBar isacontainerforJMenuslayed outhorizontally in arow,typically residing atthetop ofaframe
or applet.W e use the add(JMenu menu) method to add a new JMenu to a JMenuBar.W e use the
setJMenuBar() method in JFrame,JDialog,JApplet,JRootPane,and JInternalFrame to setthe
menu barforthesecontainers(recallthateach ofthesecontainersimplementsRootPaneContainer,which
enforces the definition of setJMenuBar()--see chapter 3). JMenuBar uses a
DefaultSingleSelectionModel to enforce the selection of only one child at any given time.

A JMenuBar is a JComponent subclass and, as such, can be placed anywhere in a container just as any other 
Swing component (this functionality is not available with AW T menu bars).

W arning:JMenuBar defines the methodsetHelpMenu(JMenu menu) which is intened to mark a single menu
containedinaJMenuBar asthedesignated ‘help’ menu.TheJMenuBar UIdelegatemay beresponsiblefor
positioning and som ehow treating thismenu differently than others.Hoewever,thisisnotimplemented asof
Java 2 FCS, and generates an exception if used.

Note:One lacking feature in the currentJMenuBar implementation,orits UIdelegate,is the ability to easily
controlthe spacing between its JMenu children.As ofJava 2 FCS,the easiestway to controlthis is by
overriding JMenuBar and manually taking controlofitslayout.By defaultJMenubar usesan x-oriented
BoxLayout.

JMenuBar provides severalmethods to retrieve its child components,set/getthe currently selected item,
register/unregister with the current KeyBoardManager (see chapter 2, section 2.13), and the
isManagingFocus() method which simply returns true to indicate that JMenuBar handles focus
management internally. Public methods processKeyEvent() and processMouseEvent() are
implemented only to satisfy the MenuElement interface (see below) requirements, and do nothing by default.
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12.1.4 JM enuItem

class javax.swing.JM enuItem

ThisclassextendsAbstractButton (seechapter4,section 4.1)and representsasinglemenu item.W ecan
assign iconsand keyboard mnemonicsjustaswecan with buttons.A mnemonicisrepresented graphically by
underlining thefirstinstanceofthe corresponding character,justasitis in buttons.Icon and textplacement
can be dealt with identically to how we deal with this functionality in buttons.

W e can also attach keyboard accelerators to a JMenuItem.(i.e.we can registerkeyboard actions with a
JMenuItem -- see chapter 2 section 2.13).Every JComponent decendentinherits similar functionality.
W hen assigned to a JMenuItem,theacceleratorwillappearassmalltextto therightofthemenu item text.
An acceleratoris a key orcombination ofkeys thatcan be used to activate a menu item.Contrary to a
mnemonic,an acceleratorwillinvokeamenu item even when thepopup containing itisnotvisible.Theonly
necessary condition foracceleratoractivation isthatthewindow containing thetargetmenu item iscurrently
active. To add an accelerator corresponding to CTRL+A we can do the following:

  myJMenuItem.setAccelerator(KeyStroke.getKeyStroke(
    KeyEvent.VK_A, KeyEvent.CTRL_MASK, false);

Note:JMenuItem is the only Swing component that graphically displays an assigned keyboard accelerator.

W enormallyattachan ActionListener toamenuitem.Asanybutton,wheneverthemenu item isclicked
the ActionListener isnotified.Alternatively wecan use Actions(discussed below and briefly in 2.13)
which provide a convenientmeansofcreating a menu item aswellasdefinining the corresponding action
handling code.A single Action instance can be used to create an arbitrary numberof JMenuItems and
JButtonswith identicalaction handling code.W ewillseehow thisisdonesoon enough.Itsufficesto say
here thatwhen an Action isdisabled,allJMenuItemsassociated with thatAction are disabled and,as
buttons always do in the disabled state, appear grayed out.

Asany AbstractButton decendent,JMenuItem fires ActionEventsand ChangeEvents and allows
attachment of ActionListeners and ChangeListeners accordingly. JMenuItem will also fire
MenuDragMouseEvents(seebelow)whenthemouseenters,exits,isdragged,oramousebutton isreleased
inside its bounds,and MenuKeyEvents when a key is pressed,typed,orreleased.Both ofthese Swing-
specific events willonly be fired when the popup containing the corresponding menu item is visible.As
expected,we can add MenuDragMouseListeners and MenuKeyEventListeners for notification of
these events. Several public processXXEvent() methods are also provided to receive and respond to events 
dispatchedtoaJMenuItem,someofwhichareforewardedfrom thecurrentMenuSelectionManager (see
below).

12.1.5 JM enu

class javax.swing.JM enu

ThisclassextendsJMenuItem and isusually added to aJMenuBar orto anotherJMenu.In theformercase
itwillactasamenuitem whichpopsupaJPopupMenu containingchildmenuitems.IfaJMenu isaddedto
anotherJMenu itwillappearin thatmenu’scorresponding popup asamenu item with an arrow on itsright
side.W hen thatmenu item is activated by mouse movementor keyboard selection a popup willappear
displaying itscorresponding child menu items.Each JMenu maintainsa topLevelMenu property which is
false for sub-menus and true otherwise.

JMenu usesa DefaultButtonModel to manage itsstate,and itholdsa private instance ofJPopupMenu
(see below)used to display its associated menu items when itis activated with the mouse ora keyboard
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mnemonic.

Note: Unlike its JMenuItem parent, JMenu specifically overrides setAccelerator() with an empty
implementationtodisallow keyboardaccelerators.Thisisbecauseitassumesthatwewillonlywanttoactivate
amenu (i.e. display its popup) when it is already visible; and for this we can use a mnemonic.

W e can display/hide the associated popup programmatically by setting the popupMenuVisible property,
and we can access the popup using getPopupMenu(). W e can set the coordinate location where the popup is 
displayed with setMenuLocation(). W e can assign a specific delay time in milliseconds using
setDelay() to specify how long a JMenu should wait before displaying its popup when activated. 

W e use the overloaded add() method to add JMenuItems, Components, Actions (see below) or
Stringsto aJMenu.(Adding aString simply createsaJMenuItem child with thegiven text.)Similarly
wecanuseseveralvariationsofoverloaded insert() andremove() methodstoinsertandremoveexisting
children.JMenu also directly supports creation and insertion ofseparatorcomponents in its popup,using
addSeparator(), which provides a convenient means of visually organizing child components into groups.

Theprotected createActionChangeListener() method isused when an Action isadded to a JMenu
to create a PropertyChangeListener for internal use in responding to bound property changes that occur 
in thatAction (see below).The createWinListener() method is used to create an instance of the
protected innerclassJMenu.WinListener which isused to deselectamenu when itscorresponding popup
closes. W e are rarely concerned with these methods, and only subclasses desiring a more complete
customization will override them.

Along with eventdispatching/handling inherited from JMenuItem,JMenu addsfunctionality forfiring and
capturing MenuEvents (see below) used to notify attached MenuListeners when its currentselection
changes.

UI Guideline : Flat and wide design
Recentresearch in usability hasshown thatmenuswith too many levelsofhierachy don'twork well.Featuresget
buriedtoomanylayersdeep.Someoperatingsystemsrestrictmenusto3levelsi.e.themainmenubar,apulldown
menu and a single walking pop-upmenu.
A maximum 3Levelswouldbeappeartobeagoodruleofthumb.Don'tbetemptedtousepopupmenustocreatea
complex series of hierarchical choices. Keep menus flatter. 
Foreachmenu,anothergoodruleofthumbistoprovide7+/-2options.However,ifyouhavetoomanychoices,it
is better to break this rule and go to 10 or more than to introduce additional hierarchy.

12.1.6 JPopupM enu

class javax.swing.JPopupM enu

Thisclassrepresentsasmallwindow which popsup and containsa collection ofcomponentslayed outin a
singlecolumn by defaultusing,suprisingly,a GridBagLayout (notethatthereisnothing stopping usfrom
changing JPopupMenu’s layoutmanager).JPopupMenu uses a DefaultSingleSelectionModel to
enforce the selection of only one child at any given time.

JMenu simply delegatesallitsadd(),remove(),insert(),addSeparator(),etc.,callsto itsinternal
JPopupMenu.Asexpected,JPopupMenu providessimilarmethods.TheaddSeparator() method inserts
an instance ofthe innerclass JPopupMenu.Separator (a subclassofJSeparator --discussed below).
The show() method displays a JPopupMenu ata given position within the corrdinate system ofa given
component.Thiscomponentisreferred to asthe invokercomponent,and JPopupMenu can be assigned an
invokerby setting itsinvoker property.JComponent’ssetVisible() method isoverriden to display a
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JPopupMenu with respect to its current invoker,and we can change the location it will appear using
setLocation().W e can also control a JPopupMenu’s size with the overloaded setPopupSize()
methods,and wecan usethepack() method (similarto thejava.awt.Window method ofthesamename)
to request that a popup change size to the minimum required for correct display of its child components.

Note:JComboBox’s UI delegate uses a JPopupMenu subclass to display its popup list.

W hen theneed arisesto display ourown JPopupMenu,itiscustomary,butcertainly notnecessary,to do so
in response to a platform -dependentmouse gesture (e.g.a right-click on W indows platforms).Thus,the
java.awt.event.MouseEvent class provides a simple m ethod we can use in a platform -independent
manner to check whether a platform -dependent popup gesture has occurred. This method,
isPopupTrigger(),willreturn true ifthe MouseEvent itiscalled on representsthe currentoperating
system ’s popup trigger gesture.

JPopupMenu has the unique ability to actas eithera heavyweightorlighweightcomponent.Itis smart
enough to detectwhen itwillbe displayed completely within a Swing containerornotand adjustitself
accordingly.However,theremay becases in which thedefaultbehaviormay notbeacceptable.Recallfrom
chapter2 thatwemustsetJPopupMenu’slightWeightPopupEnabled property to false to forceitto
be heavyweightand allow overlapping of other heavyweightcomponents thatmightreside in the same
container. Setting this property to true will force a JPopupMenu to remain lightweight. The static
setDefaultLightWeightPopupEnabled() method serves the same purpose, but affects all
JPopupMenu’s created from thatpointon (in the currentimplementation allpopups existing before this
method is called will retain their previous lightweight/heavyweight settings).

Bug Altert!Due to an AW T bug,allpopupsare forced into lightweightmode when displayed in modaldialogs
(regardless of the state of the lightWeightPopupEnabled property).

Theprotected createActionChangeListener() method isused when an Action (seebelow)isadded
to a JPopupMenu to create a PropertyChangeListener for internal use in responding toboundproperty
changes that occur in that Action.

A JPopupMenu fires PopupMenuEvents (discussed below) whenever it is made visible,hidden,and
cancelled. As expected we can attatch PopupMenuListeners to capture these events.

12.1.7 JSeparator

class javax.swing.JSeparator

Thisclassrepresentsasimpleseparatorcomponentwith aUIdelegateresponsiblefordisplaying ahorizontal
orverticalline.W ecan specify which orientation a JSeparator should useby changing itsorientation
property.Thisclassismostoften used in menusand toolbars,however,itisastandard Swing componentand
there is nothing stopping us from using JSeparators anywhere we like. 

W enormally do notuseJSeparator explicitly.Rather,weusethe addSeparator() method ofJMenu,
JPopupMenu,and JToolBar.JMenu delegatesthiscallto its JPopupMenu which,aswe know,usesan
instance of its own custom JSeparator subclasswhichisrenderedasahorizontalline.JToolBar alsouses
itsown custom JSeparator sub-classwhich hasno graphicalrepresentation,and appearsasjustan empty
region.Unlikemenu separators,however,JToolBar’sseparatorallowsexplicitinstantiation and providesa
method for assigning a new size in the form of a Dimension.

UI Guideline : Use of a separator
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Use a separator to group related menu choices and separate them from others. This gives better visual
communication and betterusability by providing aspacebetween thetargetareasforgroupsofchoices.This
reduces the chance of an error when making a selection with the mouse.

12.1.8 JCheckBoxM enuItem

class javax.swing.JCheckBoxM enuItem

ThisclassextendsJMenuItem and can be selected,deselected,and rendered identicalto JCheckBox (see
chapter 4).W e use the isSelected()/setSelected() or getState()/setState() methods to
determine/setthe selection state respectively.ActionListenersand ChangeListenerscan be attached
to a JCheckBoxMenuItem for notification about changes in its state (see JMenuItem discussion for
inherited functionality).W e often use JCheckBoxMenuItemsin ButtonGroupsto enforce the selection of
only one item in a group at any given time.

12.1.9 JRadioButtonM enuItem

class javax.swing.JRadioButtonM enuItem

Thisclassextends JMenuItem and can be selected,deselected,and rendered identicalto JRadioButton
(seechapter4).W eusetheisSelected()/setSelected() orgetState()/setState() methodsto
determine/setthe selection state respectively.ActionListenersand ChangeListenerscan be attached
to a JRadioButtonMenuItem fornotification aboutchangesin itsstate (see JMenuItem discussion for
inherited functionality). W e often use JRadioButtonMenuItems in ButtonGroups to enforce the
selection of only one item in a group at any given time.

UI Guideline : W idget overloading

As a general rule in UI Design, it is not desirable to overload components and use them for two purposes. By adding 
CheckboxesorRadio Buttonsto amenu,you arechanging thepurposeofamenu from oneofnavigation to
one of selection. This is an important point to understand.

M aking this change is an acceptable design technique when itwillspeed operation and enhance usability by
removing theneed foracumbersomedialog oroption pane.However,itisimportantto assessthatitdoesnot
otherwise adversely affect usability.

Groups of Radio Button or Checkbox menu items are probably best isolated by using a JSeparator.

12.1.10 The M enuElement interface

abstract interface javax.swing.M enuElement

Thisinterfacemustbeimplemented by allcomponentsthatwish to actasmenu items.By implementing the
methods of this interface any components can act as a menu item,making it quite easy to build our own.

The getSubElements() method returns an array of MenuElements containing the given item ’s sub-
elements.TheprocessKeyEvent() andprocessMouseEvent() methodsarecalledtoprocesskeyboard
and mouse events respectively when the implementing componenthas the focus.Unlike methods with the
samenameinthejava.awt.Component class,thesetwomethodsreceivethreeparameters:the KeyEvent
orMouseEvent, respectively, whichshouldbeprocessed,anarrayofMenuElementswhichformsthemenu
path to the implementing component, and the current MenuSelectionManager (see below). The
menuSelectionChanged() method iscalled by the MenuSelectionManager when the implementing
componentis added orremoved from its currentselection state.The getComponent() method returns a
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reference to a component that is responsible for the rendering of the implementing component.

Note:ThegetComponent() method isinteresting,asitallowsclassesthatarenotComponentsthemselvesto
implementtheMenuElement interfaceandactasmenu elementswhen necessary.Such aclassmustprovide
aComponent used fordisplay in amenu,and thisComponent would bereturned by getComponent().
Thisdesignhas curiousimplications,allowingustodesignrobustJavaBeansthatencapsulateanoptionalGUI
representation.W ecan imagineacomplex spell-checkerordictionary classimplementing theMenuElement
interfaceandprovidingacustom componentfordisplayin amenu(apowerfulandhighlyobject-orientedbean
indeed).

JMenuItem,JMenuBar,JPopupMenu,and JMenu allimplementthis interface.Note thateach oftheir
getComponent() methods simply return a this reference.Also note thatby extending any of these
implementing classes,weinheritMenuElement functionality and arethereforenotrequired to implementit.
(W ewon’texplicitly usethisinterfacein any examples,asthecustom componentwewillbuild attheend of
this chapter is an extension of JMenu.)

12.1.11 M enuSelectionM anager

class javax.swing.M enuSelectionM anager

MenuSelectionManager isaserviceclassresponsibleformanaging menu selection throughoutasingle
Java session.(Note thatunlike mostotherservice classes in Swing,MenuSelectionManager does not
registeritssharedinstancewith AppContext--seechapter2.)W hen MenuElement implementationsreceive
MouseEventsorKeyEvents,theseeventsshould notbeprocessed directly.Rather,they should behanded
offto the MenuSelectionManager so that itmay forward them to sub-components automatically.For
instance,whenevera JMenuItem isactivated by keyboard ormouse,orwhenevera JMenuItem selection
occurs, the menu item UI delegate is responsible for forwarding the corresponding event to the
MenuSelectionManager ifnecessary.The following code shows how BasicMenuItemUI deals with
mouse releases:

    public void mouseReleased(MouseEvent e) {
      MenuSelectionManager manager = 
        MenuSelectionManager.defaultManager();
      Point p = e.getPoint();
      if(p.x >= 0 && p.x < menuItem.getWidth() &&
       p.y >= 0 && p.y < menuItem.getHeight()) {
        manager.clearSelectedPath();
        menuItem.doClick(0);
      } 
      else {
        manager.processMouseEvent(e);
      }
    }

The static defaultManager() method returns the MenuSelectionManager shared instance,and the
clearSelectedPath() method tellsthe currently active menu hierarchy to close and unselectallmenu
components.In the code shown above,clearSelectedPath() willonly be called ifthe mouse release
occurswithin thecorresponding JMenuItem (in which casethereisno need fortheeventto propogateany
further).Ifthisisnotthe case,the eventissentto MenuSelectionManager’sprocessMouseEvent()
methodwhichforwards ittoothersub-components.JMenuItem doesn’thaveanysub-componentsbydefault
sonotmuchinterestinghappensinthiscase.However,inthecaseofJMenu,whichconsidersitspopupmenu
a sub-component,sending a mouse released eventto the MenuSelectionManager isexpected no matter
what (from BasicMenuUI):

    public void mouseReleased(MouseEvent e) {
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      MenuSelectionManager manager = 
        MenuSelectionManager.defaultManager();
      manager.processMouseEvent(e);
      if (!e.isConsumed())

  manager.clearSelectedPath();
    }

MenuSelectionManager willfireChangeEventswheneveritssetSelectedPath() method iscalled
(i.e.each timeamenu selection changes).Asexpected,wecan attach ChangeListenersto listen forthese
events.

12.1.12 The M enuDragM ouseListener interface

abstract interface javax.swing.event.M enuDragM ouseListener

Thislistenerreceivesnotification when the mouse cursorenters,exits,isreleased,orismoved overa menu
item.

12.1.13 M enuDragM ouseEvent

class javax.swing.event.M enuDragM ouseEvent

This event class is used to deliver information to MenuDragMouseListeners. It encapsulates the
componentsource,eventid,timeoftheevent,bitwiseor-masked int specifying which mousebutton and/or
keys (CTRL,SHIFT,ALT,orM ETA)were pressed atthe time ofthe event,x and y mouse coordinates,
numberofclicksimmediatelyprecedingtheevent,whetherornottheeventrepresentstheplatform -dependent
popup trigger, an array of MenuElements leading to the source of the event, and the current
MenuSelectionManager.ThiseventinheritsallMouseEvent functionality (seeAPIdocs)and addstwo
methods for retrieving the array of MenuElements and the MenuSelectionManager.

12.1.14 The M enuKeyListener interface

abstract interface javax.swing.event.M enuKeyListener

Thislistenerisnotified when amenu item receivesakey eventcorresponding to akey press,release,ortype.
Theseeventsdon’tnecessarily correspond to mnemonicsoraccelerators,and are received whenevera menu
item is simply visible on the screen.

12.1.15 M enuKeyEvent

class javax.swing.event.M enuKeyEvent

Thiseventclassisusedtodeliverinformationto MenuKeyListeners.Itencapsulatesthecomponentsource,
event id, time of the event, bitwise or-maskedint specifying which mousebuttonand/orkeys(CTRL,SHIFT,
orALT)were pressed atthe time ofthe event,an int and char identifying the source key thatcaused the
event, an array of MenuElements leading to the source of the event, and the current
MenuSelectionManager.This eventinherits allKeyEvent functionality (see APIdocs)and adds two
methods for retrieving the array of MenuElements and the MenuSelectionManager.

12.1.16 The M enuListener interface

abstract interface javax.swing.event.M enuListener

Thislistenerreceivesnotification when amenu isselected,deselected,orcancelled.Three methodsmustbe
implemented by MenuListeners, and each takes a MouseEvent parameter: menuCanceled(),
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menuDeselected(), and menuSelected().

12.1.17 M enuEvent

class javax.swing.event.M enuEvent

Thiseventclassisused to deliverinformation to MenuListeners.Itsimply encapsulatesareferenceto its
sourceObject.

12.1.18 The PopupM enuListener interface

abstract interface javax.swing.event.PopupM enuListener

This listenerreceives notification when a JPopupMenu is aboutto become visible,hidden,orwhen itis
cancelled.Canceling a JPopupMenu also causesitto be hidden,so two PopupMenuEventsare fired in
this case.A canceloccurs when the invoker componentis resized orthe window containing the invoker
changessizeorlocation.Threemethodsmustbeimplemented by PopupMenuListeners,and each takesa
PopupMenuEvent parameter: popupMenuCanceled(), popupMenuWillBecomeVisible(), and
popupMenuWillBecomeInvisible().

12.1.19 PopupM enuEvent

class javax.swing.event.PopupM enuEvent

Thiseventclassisusedtodeliverinformation to PopupMenuListeners.Itsimply encapsulatesareference
to its source Object.

12.1.20 JToolBar

class javax.swing.JToolBar

Thisclassrepresentsthe Swing implementation ofa toolbar.Toolbarsare often placed directly below menu
barsatthetop ofaframeorapplet,and actasacontainerforany component(buttonsand combo boxesare
most common). The most convenient way toaddbuttonstoa JToolBar istouseActions(discussedbelow).

Note:Componentsoften need theiralignmentsetting tweaked to provide uniform positioning within JToolBar.
Thiscan be accomplished through use ofthe setAlignmentY() and setAlignmentX() methods.W e
will see that this is necessary in the final example of this chapter.

JToolBar also allowsconvenientaddition ofan innerJSeparator sub-class,JToolBar.Separator,to
provide an empty space forvisually grouping components.These separatorscan be added with eitherofthe
overloaded addSeparator() methods,oneofwhich takesa Dimension parameterspecifying thesizeof
the separator.

Twoorientationsaresupported,VERTICAL and HORIZONTAL,andmanagedby JToolBar’sorientation
property.ItusesaBoxLayout layoutmanagerwhich isdynamically changed between Y_AXIS and X_AXIS
when the orientation property changes.

JToolBar canbedraggedinandoutofitsparentcontainerifitsfloatable property issetto true.W hen
dragged outofitsparent,a JToolBar appearsasafloating window and itsborderchangescolordepending
onwhetheritcanre-dock in itsparentatagiven location.Ifa JToolBar isdragged outsideofitsparentand
released,itwillbe placed in itsown JFrame which isfully maximizable,minimizable,and closable.W hen
thisframeisclosed JToolBar willjumpbackintoitsmostrecentdockpositioninitsoriginalparent,andthe
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floating JFrame willdisappear.Itisrecommended thatJToolBar isplaced in one ofthe foursidesofa
container using a BorderLayout, leaving the other sides unused. This allows the JToolBar tobedockedin
any of that container’s side regions.

Theprotected createActionChangeListener() method isused when an Action (seebelow)isadded
to a JToolBar to create a PropertyChangeListener forinternaluse in responding to bound property
changes that occur in that Action.

UI Guideline : 3 Uses for a Toolbar

Toolbarshave become ubiquitiousin modern software.However,they are often overused ormisused and failto
achieve theirobjective ofincreased usability.There are three key uses which have subtle differences and
implications.

Tool Selection or M ode Selection

Perhapsthemosteffectiveuseofatoolbaris,asthenamesuggests,fortheselection ofatooloroperationalmode.
This is mostcommon in drawing orimage manipulation packages.The userselects the toolbarbutton to
change the mode from "paintbrush" to "filler" to "draw box" to "cut" etc..Thisisa highly effective use of
toolbar,asthesmalliconsareusually sufficientto renderasuitabletoolimage.M any imagesforthispurpose
have been adopted as a defacto standard.Ifyou are developing such a toolselection toolbar,itwould be
advisable to stick closely to icons which have been used by similar existing products.

Functional Selection

Theearliestuseoftoolbarwasto replacetheselection ofaspecificfunction from themenu.Thisled to them being
called"speedbars"or"menubars".Theideawasthatthesmalliconbuttonwasfasterandeasiertoacquirethan
themenu selection and thatusability wasenhanced asaresult.Thisworked wellformany common functions
in fileoriented applications,such as"open file","new file","save","cut","copy"and "paste".In fact,mostof
uswould recognise the smalliconsforallofthese functions.However,with othermore application specific
functions,ithasbeen much harderforicon designersto comeup with appropriatedesigns.Thisoften leadsto
applications which have a confusing and intimidating array oficons across the top ofthe screen.This can
detract from usability. As a general rule of thumb, stick to common cross application functions when
overloading menu selections with toolbarbuttons.Ifyou do need to break the rule then considerselecting
annotated buttons for the toolbar.

Navigational Selection

The 3rd use fortoolbars has been fornavigationalselection.This often means replacing oroverloading menu
optionsfrom a"W indow","Go"or"Form"menu.Thesemenu optionsareused to selectaspecificscreen to
come to the front. The toolbar buttons replace or overload the menu option and allow the navigational selection 
to be made supposedly by fastermeans.However,again this suffers from the problem ofappropriate icon
design.Itisusually too difficultto deviseasuitablesetoficonswhich haveclearand unambiguousmeaning.
Therefore, as a rule of thumb, consider the use of annotated buttons on the toolbar.

12.1.21 Custom JToolBar separators

Unfortunately Swing doesnotinclude a toolbar-specific separatorcomponentthatwilldisplay a verticalor
horizontallinedepending on currenttoolbarorientation.Thefollowing psuedo-codeshowshow wecan build
such a component under the assumption that it will always have a JToolBar as direct parent:

  public class MyToolBarSeparator extends JComponent 
  {
    public void paintComponent(Graphics g) {
      super.paintComponent(g);
      if (getParent() instanceof JToolBar) {
        if (((JToolBar) getParent()).getOrientation()
         == JToolBar.HORIZONTAL) {
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          // paint a vertical line
        } 
        else {
          // paint a horizontal line
        }
      }
    }

    public Dimension getPreferredSize() {
      if (getParent() instanceof JToolBar) {
        if (((JToolBar) getParent()).getOrientation()

 == JToolBar.HORIZONTAL) {
          // return size of vertical bar
        } 
        else {
          // return size of horizontal bar
        }
      }
    }
  }

UI Guideline : Use of a separator

The failure to include a separatorfortoolbars really was an oversightby the Swing designers.Again,use the
separatorto group related functionsortools.Forexample,ifthe function allbelong on the same menu then
group them together,orifthe tools (ormodes)are related such as "cut","copy","paste" then group them
together and separate them from others with a separator.

Visualgrouping like thisimprovesvisualseparation by introducing a visuallayer.The viewercan firstacquire a
group ofbuttonsand then a specific button.They willalso learn with directionalmemory the approximate
position of each group. By separating them you will improve the usabilitybyhelpingthem toacquirethetarget
better when using the mouse.

12.1.22 Changing JToolBar’s floating frame behavior

ThebehaviorofJToolBar’sfloating JFrame iscertainlyuseful,butitisarguablewhetherthemaximization
and resizability should be allowed. Though we cannot control whether or not a JFrame can be maximized, we 
can control whether or not it can be resized.Toenforcenon-resizabilityin JToolBar’sfloating JFrame (and
set its dispayed title while we’re at it) we need to override its UI delegate and customize the
createFloatingFrame() method as follows:

  public class MyToolBarUI 
   extends javax.swing.plaf.metal.MetalToolBarUI {
    protected JFrame createFloatingFrame(JToolBar toolbar) {
      JFrame frame = new JFrame(toolbar.getName());
      frame.setTitle("My toolbar");
      frame.setResizable(false);
      WindowListener wl = createFrameListener();
      frame.addWindowListener(wl);
      return frame;
    }
  }

To assign MyToolBarUI as a JToolBar’s UI delegate we can do the following:

  mytoolbar.setUI(new MyToolBarUI());

To force use of this delegate on a global basis we can do the following before any JToolBars are
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instantiated:

  UIManager.getDefaults().put(
    "ToolBarUI","com.mycompany.MyToolBarUI");

Notethatwemay also haveto add an associated Class instanceto the UIDefaults tableforthisto work
(see chapter 21).

UI Guideline : Use of a Floating Fram e

Itisprobably bestto restricttheuseofafloating toolbarframeto toolbarsbeing used fortoolor m ode selection
(see guideline in 12.1.20).

12.1.23 The Action interface

abstract interface javax.swing.Action

Thisinterfacedescribesahelperobjectwhich extendsActionListener and which supportsasetofbound
properties.W euseappropriate add() methodsin the JMenu,JPopupMenu,and JToolBar classesto add
an Action which willuse information from the given instance to create and return a component thatis
appropriateforthatcontainer(aJMenuItem in thecaseofthefirsttwo,aJButton in thecaseofthelatter).
The sameAction instance can be used to create an arbitrary number of menu items or toolbar buttons.

Because Action extends ActionListener,the actionPerformed() method is inherited and can be
used to encapsulteappropriate ActionEvent handling code.W hen amenu item ortoolbarbutton iscreated
using an Action,theresultingcomponentisregisteredasaPropertyChangeListener withtheAction,
and theAction isregistered asan ActionListener with thecomponent.Thus,wheneverachangeoccurs
to one ofthatAction’s bound properties,allcomponents with registered PropertyChangeListeners
willreceive notification.This provides a convenientmeans forallowing identicalfunctionality in menus,
toolbars, and popup menus with minimum code repetition and object creation.

The putValue() and getValue() methods are intended to work with a Hashtable-like structure to
maintain an Action’sbound properties.W heneverthe value ofa property changes,we are expected to fire
PropertyChangeEvents to all registered listeners. As expected, methods to add and remove
PropertyChangeListeners are provided.

The Action interface defines five static property keys intended foruse by JMenuItems and JButtons
created with an Action instance:

String DEFAULT: [not used]

String LONG_DESCRIPTION: Used for a lengthy description of an Action.

String NAME: Used as the text in associated and displayed in JMenuItems and JButtons.

String SHORT_DESCRIPTION: Used for the tooltip text of associated JMenuItems and JButtons.

String SMALL_ICON: Used as the icon in associated JMenuItems and JButtons.

12.1.24 AbstractAction

class javax.swing.AbstractAction

Thisclassisan abstractim plementation ofthe Action interface.Along with the propertiesinherited from
Action,AbstractAction definestheenabled propertywhichprovidesameansofenabling/disablingall
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associated componentsregistered asPropertyChangeListeners.A SwingPropertyChangeSupport
instance is used to manage the firing of PropertyChangeEvents to all registered
PropertyChangeListeners (see chapter 2 for more about SwingPropertyChangeSupport).

12.2 Basic text editor: part I - menus
Inthisexamplewebegintheconstructionofabasictexteditorapplicationusingamenubarandseveralmenu
items. The menu bar contains two JMenus labeled “File” and “Font.” The “File” menu contains JMenuItems
forcreating a new (empty)document,opening a textfile,saving the currentdocumentas a textfile,and
exiting the application.The “Font” menu contains JCheckBoxMenuItems formaking the documentbold
and/oritalic,aswellasJRadioButtonMenuItemsorganized into aButtonGroup allowing selection ofa
single font.

Figure 12.1 JM enu containing JM enuItem s w ith m nem onics and icons.

<<file figure12-1.gif>>
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Figure 12.2 JM enu containing JRadioButtonM enuItem s and JCheckBoxM enuItem s.

<<file figure12-2.gif>>

The Code: BasicTextEditor.java
see\Chapter12\1

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.event.*;

public class BasicTextEditor extends JFrame 
{
  public static final String FONTS[] = 
    { "Serif", "SansSerif", "Courier" };

  protected Font m_fonts[];

  protected JTextArea m_monitor;
  protected JMenuItem[] m_fontMenus;
  protected JCheckBoxMenuItem m_bold;
  protected JCheckBoxMenuItem m_italic;
  protected JFileChooser m_chooser;

  public BasicTextEditor(){
    super("Basic text editor: part I - Menus");
    setSize(450, 350);

    m_fonts = new Font[FONTS.length];
    for (int k=0; k<FONTS.length; k++)
      m_fonts[k] = new Font(FONTS[k], Font.PLAIN, 12);

    m_monitor = new JTextArea();
    JScrollPane ps = new JScrollPane(m_monitor);
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    getContentPane().add(ps, BorderLayout.CENTER);

    m_monitor.append("Basic text editor");

    JMenuBar menuBar = createMenuBar();
    setJMenuBar(menuBar);

    m_chooser = new JFileChooser(); 
    m_chooser.setCurrentDirectory(new File("."));

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    updateMonitor();
    setVisible(true);
  }

  protected JMenuBar createMenuBar() {
    final JMenuBar menuBar = new JMenuBar();

    JMenu mFile = new JMenu("File");
    mFile.setMnemonic('f');

    JMenuItem item = new JMenuItem("New");
    item.setIcon(new ImageIcon("file_new.gif"));
    item.setMnemonic('n');
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        m_monitor.setText("");
      }
    };
    item.addActionListener(lst);
    mFile.add(item);

    item = new JMenuItem("Open...");
    item.setIcon(new ImageIcon("file_open.gif"));
    item.setMnemonic('o');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        BasicTextEditor.this.repaint();
        if (m_chooser.showOpenDialog(BasicTextEditor.this) !=
         JFileChooser.APPROVE_OPTION)
          return;
        Thread runner = new Thread() {
          public void run() {
            File fChoosen = m_chooser.getSelectedFile();
            try {
              FileReader in = new FileReader(fChoosen);
              m_monitor.read(in, null);
              in.close();
            } 
            catch (IOException ex) { ex.printStackTrace(); }
          }
        };
        runner.start();
      }
    };
    item.addActionListener(lst);
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    mFile.add(item);

    item = new JMenuItem("Save...");
    item.setIcon(new ImageIcon("file_save.gif"));
    item.setMnemonic('s');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e){
        BasicTextEditor.this.repaint();
        if (m_chooser.showSaveDialog(BasicTextEditor.this) != 
         JFileChooser.APPROVE_OPTION)
          return;
        Thread runner = new Thread() {
          public void run() {
            File fChoosen = m_chooser.getSelectedFile();
            try {
              FileWriter out = new FileWriter(fChoosen);
              m_monitor.write(out);
              out.close();
            } 
            catch (IOException ex) { ex.printStackTrace(); }
          }
        };
        runner.start();
      }
    };
    item.addActionListener(lst);

mFile.add(item);

    mFile.addSeparator();

    item = new JMenuItem("Exit");
    item.setMnemonic('x');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        System.exit(0);
      }
    };
    item.addActionListener(lst);
    mFile.add(item);
    menuBar.add(mFile);

    ActionListener fontListener = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        updateMonitor();
      }
    };

    JMenu mFont = new JMenu("Font");
    mFont.setMnemonic('o');

    ButtonGroup group = new ButtonGroup();
    m_fontMenus = new JMenuItem[FONTS.length];
    for (int k = 0; k < FONTS.length; k++) {
      int m = k+1;
      m_fontMenus[k] = new JRadioButtonMenuItem(
        m + " " + FONTS[k]);
      boolean selected = (k == 0);
      m_fontMenus[k].setSelected(selected);
      m_fontMenus[k].setMnemonic('1' + k);
      m_fontMenus[k].setFont(m_fonts[k]);
      m_fontMenus[k].addActionListener(fontListener);
      group.add(m_fontMenus[k]);
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      mFont.add(m_fontMenus[k]);
    }

    mFont.addSeparator();

    m_bold = new JCheckBoxMenuItem("Bold");
    m_bold.setMnemonic('b');
    Font fn = m_fonts[1].deriveFont(Font.BOLD);
    m_bold.setFont(fn);
    m_bold.setSelected(false);
    m_bold.addActionListener(fontListener);
    mFont.add(m_bold);

    m_italic = new JCheckBoxMenuItem("Italic");
    m_italic.setMnemonic('i');
    fn = m_fonts[1].deriveFont(Font.ITALIC);
    m_italic.setFont(fn);
    m_italic.setSelected(false);
    m_italic.addActionListener(fontListener);
    mFont.add(m_italic);

    menuBar.add(mFont);

    return menuBar;
  }

  protected void updateMonitor() {
    int index = -1;
    for (int k = 0; k < m_fontMenus.length; k++) {
      if (m_fontMenus[k].isSelected()) {
        index = k;
        break;
      }
    }
    if (index == -1)
      return;

    if (index == 2) {  // Courier
      m_bold.setSelected(false);
      m_bold.setEnabled(false);
      m_italic.setSelected(false);
      m_italic.setEnabled(false);
    } 
    else {
      m_bold.setEnabled(true);
      m_italic.setEnabled(true);
    }

    int style = Font.PLAIN;
    if (m_bold.isSelected())
      style |= Font.BOLD;
    if (m_italic.isSelected())
      style |= Font.ITALIC;
    Font fn = m_fonts[index].deriveFont(style);
    m_monitor.setFont(fn);
    m_monitor.repaint();
  }

  public static void main(String argv[]) {
    new BasicTextEditor();
  }
}
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Understanding the Code

Class BasicTextEditor

This class extends JFrame and provides the parent frame for our example. One class variable is declared:

String FONTS[]: an array of font family names.

Instance variables:

Font[] m_fonts: an array of Font instances which can be used to render our JTextArea editor.

JTextArea m_monitor: used as our text editor.

JMenuItem[] m_fontMenus: an array of menu items representing available fonts.

JCheckBoxMenuItem m_bold:menu item which sets/unsets the bold property of the current font.

JCheckBoxMenuItem m_italic:menu item which sets/unsets the italic property of the current font.

JFileChooser m_chooser: used to load and save simple text files.

The Menu1 constructor populates our m_fonts array with Font instances corresponding to the names
provided in FONTS[].The m_monitor JTextArea isthen created and placed in a JScrollPane.This
scrollpaneisaddedtothecenterofourframe’scontentpaneandweappendsomesimpletextto m_monitor
for display atstartup.Our createMenuBar() method is called to create the menu bar to manage this
application, and this menu bar is then added to our frame using the setJMenuBar() method.

The createMenuBar() method creates and returns a JMenuBar. Each menu item receives an
ActionListener to handleit'sselection.Two menusareadded titled “File” and “Font.” The “New” menu
item in the “File” menu is responsible for creating a new (empty) document.Itdoesn’treally replace
JTextArea’sDocument.Instead itsimply clearsthecontentsofoureditorcomponent.Notethatan icon is
usedinthismenuitem.Also notethatthismenu item can beselected with thekeyboard by pressing ‘n’ when
the “File” menu’s popup is visible,because we assigned it ‘n’ as a mnemonic.The File menu was also
assigned a mnemonic character, ‘f,’ and pressing ALT-F while the application frame is active,the “File”
popup willbe displayed allowing navigation with eitherthe mouse orkeyboard (allothermenusand menu
items in this example also receive appropriate mnemonics).

BugAlert!EventhoughALT-F willgetprocessedbythecorrespondingmenuinthemenubar,thekeyeventthatis
generated isstillreceived by JTextArea.Thus,you willoften seean ‘f’ added to thetextareaeven though
ALT was held down when ‘f’ was pressed. It is possible to work around this problem by extending
JTextArea (or any other JTextComponent) as follows:

public class MyTextArea extends JTextArea

{

  protected synchronized void processComponentKeyEvent(

   KeyEvent anEvent) {

    super.processComponentKeyEvent(anEvent);

    ivLastKeyEventWasAlt = anEvent.isAltDown();

  }

  protected synchronized void processInputMethodEvent(
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   InputMethodEvent e) {

    if (ivLastKeyEventWasAlt) {

      e.consume();

    }

    super.processInputMethodEvent(e);

  }

  private transient boolean ivLastKeyEventWasAlt = false;

}

Note thatthis workaround was orginally posted to the JDC Bug Parade and itshould only be considered a
temporary solution until the problem is actually fixed.

The “Open” menu item bringsup ourm_chooser JFileChooser component(discussed in chapter14)to
allow selection ofa textfile to open.Once a textfile isselected,we open a FileReader on itand invoke
read() on ourJTextArea componentto read the file's content(which creates a new PlainDocument
containing the selected file’s contentto replace the current JTextArea document--see chapter 11).The
“Save” menu item brings up m_chooser to select a destination and file nametosavethecurrenttextto.Once
atextfileisselected,weopen a FileWriter on itand invokewrite() on ourJTextArea componentto
writeitscontentto thedestination file.Both oftheseI/O operationsarewrapped in separatethreadsto avoid
clogging up the event dispatching thread.

Bug Alert!W ehaveadded codeto repaintthewholeapplication beforetheI/O operationsoccur.Thisisbecause
whenaSwingmenuishiddenbyadialog(inthiscaseaJFileChooser dialog)thatpopsupimmediatelyin
response to a menu selection, the menu will often not perform all necessary repainting of itself and components
that lie below its popup. To make sure that no remnants of menu rendering are left around we force arepaintof
the whole frame before moving on.

The “Exit” menu item terminatesprogram execution.Itisseparated from the firstthree menu itemswith a
menu separator to create a more logical display.

The“Font” menu consists of several menu items used to select thefontandfontstyleusedinoureditor.Allof
these items receive the sameActionListener which invokes our updateMonitor() method (see below). 
Togivetheuseranideaofhow eachfontlooks,eachfontisusedtorenderthecorrespondingmenuitem text.
Since only one fontcan be selected atany given time,we use JRadioButtonMenuItemsforthese menu
items, and add them all to a ButtonGroup instance which manages a single selection. 

To create each menu item we iterate through our FONTS array and create a JRadioButtonMenuItem
corresponding to each entry.Each item issetto unselected (exceptforthe firstone), assigned a numerical
mnemonic corresponding to the current FONTS array index,assigned the appropriate Font instance for
rendering its text,assigned ourmulti-purpose ActionListener,and added to ourButtonGroup along
with the others.

The two other menu items in the “Font” menu manage the bold and italic font properties. They are
implemented asJCheckBoxMenuItemssincethese propertiescan be selected orunselected independently.
These itemsalso are assigned the same ActionListener asthe radio button itemsto processchangesin
their selected state.

TheupdateMonitor() method updatesthecurrentfontused to rendertheediting componentby checking
thestateofeach check box item and determining which radio button item iscurrently selected.The m_bold
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and m_italic componentsaredisabledandunselectediftheCourierfontisselected,andenabledotherwise.
Theappropriate m_fonts array elementisselected and a Font instanceisderived from itcorresponding to
the current state of the check box items using Font’sderiveFont() method (see chapter 2). 

Note:Surprisingly the ButtonGroup class does notprovide a directway to determine which componentis
currently selected.So we have to examine m_fontMenus array elementsin turn to determine the selected
font index. Alternatively we could save the font index in an enhanced version of our ActionListener.

Running the Code

Openatextfile,makesomechanges,and saveitasanew file.Changethefontoptionsand notehow thetext
areaisupdated.Selectthe Courierfontand note how itdisablesthe bold and italic check box items(italso
unchecksthem ifthey werepreviously checked).Selectanotherfontand notehow thisre-enablescheck box
items.Figure12.1 showsBasicTextEditor’s“File” menu,and figure12.2 showsthe “Font” menu.Note
how the mnemonics are underlined and the images appear to the right of the text by default (just like buttons).

UI Guideline : File oriented applications

Thisisan exampleofamenu being used on afileoriented application.M enuswerefirstdeveloped to beused in
thisfashion.The inclusion ofa menu on such an application isessential,asusershave come to expectone.
There are clearly defined platform standards for the layout of such a menu and it isbestthatyouaheretothese.
Almost always the "File" menu comes first (to the LHS).

Notealsotheuseoftheelipsis"..."onthe"Open..."and"Save..."options.Thisisastandard techniquewhich gives
a visual affordance to the behaviour that a dialog will open when the menu item is selected.

UIGuideline:Correctuse ofseparator and widgetoverloading Thisexampleshowsclearly how amenu in a
simple application can have selection controlsadded to speed operation and ease usability.The separatoris
used to group and separate the selection of the font type from the font style.

12.3 Basic text editor: part II - toolbars and actions
Swing provides the Action interface to simplify the creation of menu items. As we know, implementations of 
thisinterface encapsulate both knowledge ofwhatto do when a menu item ortoolbarbutton isselected (by
extending theActionListener interface)andknowledgeofhow torenderthecomponentitself(byholding
a collection ofbound propertiessuch as NAME,SMALL_ICON,etc.).W e can create both a menu item and a
toolbarbutton from a single Action instance,conserving code and providing a reliable meansofensuring
consistency between menus and toolbars. 

The following example uses the AbstractAction class to add a toolbar to our BasicTextEditor
application.By converting the ActionListenersused in the example above to AbstractActions,we
can use these actions to create both toolbar buttons and menu items with very little additional work. 



110

Figure 12.3 Process of un-docking, dragging, and docking a floating JToolBar.

<<file figure12-3.gif>>

Figure 12.4 A floating JToolBar placed in a non-dockable region.

<<file figure12-4.gif>>

The Code: BasicTextEditor.java
see\Chapter12\2

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.event.*;

public class BasicTextEditor extends JFrame 
{
  // Unchanged code from section 12.2

  protected JToolBar m_toolBar;

  protected JMenuBar createMenuBar() {
    final JMenuBar menuBar = new JMenuBar();
    JMenu mFile = new JMenu("File");
    mFile.setMnemonic('f');

    ImageIcon iconNew = new ImageIcon("file_new.gif");
    Action actionNew = new AbstractAction("New", iconNew) { 
      public void actionPerformed(ActionEvent e) {
        m_monitor.setText("");
      }
    };
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    JMenuItem item =  mFile.add(actionNew);
    item.setMnemonic('n');

    ImageIcon iconOpen = new ImageIcon("file_open.gif");
    Action actionOpen = new AbstractAction("Open...", iconOpen) { 
      public void actionPerformed(ActionEvent e) {
        // Unchanged code from section 12.2
      }
    };

    item =  mFile.add(actionOpen);
    item.setMnemonic('o');

    ImageIcon iconSave = new ImageIcon("file_save.gif");
    Action actionSave = new AbstractAction("Save...", iconSave) { 
      public void actionPerformed(ActionEvent e) {
        // Unchanged code from section 12.2
      }
    };

    item =  mFile.add(actionSave);
    item.setMnemonic('s');

    mFile.addSeparator();

    Action actionExit = new AbstractAction("Exit") { 
      public void actionPerformed(ActionEvent e) {
        System.exit(0);
      }
    };

    item =  mFile.add(actionExit);
    item.setMnemonic('x');
    menuBar.add(mFile);

    m_toolBar = new JToolBar();
    JButton btn1 = m_toolBar.add(actionNew);
    btn1.setToolTipText("New text");
    JButton btn2 = m_toolBar.add(actionOpen);
    btn2.setToolTipText("Open text file");
    JButton btn3 = m_toolBar.add(actionSave);
    btn3.setToolTipText("Save text file");

    // Unchanged code from section 12.2

    getContentPane().add(m_toolBar, BorderLayout.NORTH);

    return menuBar;
  }

  // Unchanged code from section 12.2
}

Understanding the Code

Class BasicTextEditor

This class now declares one more instance variable, JToolBar m_toolBar.The constructor remains
unchangedandisnotlistedhere.The createMenuBar() method now createsAbstractAction instances
instead ofActionListeners.These objectsencapsulate the same action handling code we defined in the
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lastexample,aswellasthetextandicontodisplay in associatedmenuitemsand toolbarbuttons.Thisallows
us to create JMenuItems using the JMenu.add(Action a) method, and JButtons using the
JToolBar.add(Action a) method.Thesemethodsreturn instancesthatwecan treatasany otherbutton
component and do things such as set the background color assign a different text alignment.

OurJToolBar componentisplaced in theNORTH region ofourcontentpane,and wemakesureto leavethe
EAST,WEST, and SOUTH regions empty allowing it to dock on all sides.

Running the Code

Verify thatthetoolbarbuttonswork asexpected by opening and saving a textfile.Try dragging the toolbar
from its ‘handle’ and note how itisrepresented by an empty gray window asitisdragged.The borderwill
change to a dark colorwhen the window isin a location where itwilldock ifthe mouse isreleased.Ifthe
borderdoesnotappeardark,releasing themousewillresultin the toolbarbeing placed in itsown JFrame.
Figure12.3 illustratesthesimpleprocessofundocking,dragging,and docking ourtoolbarin anew location.
Figure12.4 showsourtoolbarin itsown JFrame when undocked and released outsideofadockableregion
(also referred to as a hotspot).

Note:The currentJToolBar implementation does noteasily allow the use ofmultiple floating toolbars as is
common in many modern applications.W ehopeto seemoreofthisfunctionality builtinto futureversionsof
Swing.

UI Guideline : Vertical or Horizontal?

In some applications,youmayprefertoleavetheselectionofaverticalorhorizontaltoolbartothe user.M oreoften
thannot,youasdesignercanmakethatchoiceforthem.Considerwhetherverticalorhorizontalspaceismore
valuableforwhatyou need to display.If,forexample,you aredisplaying Lettertextthen you probably need
vertical space more than horizontal space. Usually in PC applications, vertical space is at a premium.

W hen vertical space is at a premium, place the toolbar vertically thus freeing up valuable vertical space.
W hen horizontal space is at a premium, place the toolbar horizontallythusfreeingupvaluablehorizontalspace.

Almostneverallow afloatingtoolbar,asithasatendencytogetlostunderotherwindows.Floatingtoolbarsarefor
advanceduserswhounderstandthefulloperationofthecomputersystem.Considerthetechnicallevelofyour
user group before making the design choice for a floating toolbar.

12.4 Basic text editor: part III - custom toolbar components
UsingActionstocreatetoolbarbuttonsiseasy,butnotalwaysdesirableifwewishtohavecompletecontrol
overourtoolbarcomponents.In thissection webuild offofBasicTextEditor and placeaJComboBox in
the toolbarallowing Font selection.W e also use instancesofourown custom buttons,SmallButton and
SmallToggleButton,in thetoolbar.Both ofthese button classesusedifferentbordersto signify different
states.SmallButton usesaraised borderwhen themousepassesoverit,no borderwhen themouseisnot
within itsbounds,and a lowered borderwhen a mouse pressoccurs.SmallToggleButton usesa raised
border when unselected and a lowered border when selected. 
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Figure 12.5 JToolBar w ith custom  buttons and a JCom boBox.

<<file figure12-5.gif>>

The Code: BasicTextEditor.java
see\Chapter12\3

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.event.*;

public class BasicTextEditor extends JFrame 
{
  // Unchanged code from section 12.3

  protected JComboBox m_cbFonts;
  protected SmallToggleButton m_bBold;
  protected SmallToggleButton m_bItalic;

  // Unchanged code from section 12.3

  protected JMenuBar createMenuBar()
  {
    // Unchanged code from section 12.3

    m_toolBar = new JToolBar();
    JButton bNew = new SmallButton(actionNew, 
      "New text");
    m_toolBar.add(bNew);

    JButton bOpen = new SmallButton(actionOpen, 
      "Open text file");
    m_toolBar.add(bOpen);
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    JButton bSave = new SmallButton(actionSave, 
      "Save text file");
    m_toolBar.add(bSave);

    JMenu mFont = new JMenu("Font");
    mFont.setMnemonic('o');

    // Unchanged code from section 12.3

    mFont.addSeparator();

    m_toolBar.addSeparator();
    m_cbFonts = new JComboBox(FONTS);
    m_cbFonts.setMaximumSize(m_cbFonts.getPreferredSize());
    m_cbFonts.setToolTipText("Available fonts");
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        int index = m_cbFonts.getSelectedIndex();
        if (index < 0)
          return;
        m_fontMenus[index].setSelected(true);
        updateMonitor();
      }
    };
    m_cbFonts.addActionListener(lst);
    m_toolBar.add(m_cbFonts);

    m_bold = new JCheckBoxMenuItem("Bold");
    m_bold.setMnemonic('b');
    Font fn = m_fonts[1].deriveFont(Font.BOLD);
    m_bold.setFont(fn);
    m_bold.setSelected(false);
    m_bold.addActionListener(fontListener);
    mFont.add(m_bold);

    m_italic = new JCheckBoxMenuItem("Italic");
    m_italic.setMnemonic('i');
    fn = m_fonts[1].deriveFont(Font.ITALIC);
    m_italic.setFont(fn);
    m_italic.setSelected(false);
    m_italic.addActionListener(fontListener);
    mFont.add(m_italic);

    menuBar.add(mFont);

    m_toolBar.addSeparator();

    ImageIcon img1 = new ImageIcon("font_bold1.gif");
    ImageIcon img2 = new ImageIcon("font_bold2.gif");
    m_bBold = new SmallToggleButton(false, img1, img2, 
      "Bold font");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        m_bold.setSelected(m_bBold.isSelected());
        updateMonitor();

}
    };
    m_bBold.addActionListener(lst);
    m_toolBar.add(m_bBold);

    img1 = new ImageIcon("font_italic1.gif");
    img2 = new ImageIcon("font_italic2.gif");
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    m_bItalic = new SmallToggleButton(false, img1, img2, 
      "Italic font");
  lst = new ActionListener() { 

      public void actionPerformed(ActionEvent e) {
        m_italic.setSelected(m_bItalic.isSelected());
        updateMonitor();
      }
    };
    m_bItalic.addActionListener(lst);
    m_toolBar.add(m_bItalic);

    getContentPane().add(m_toolBar, BorderLayout.NORTH);
    return menuBar;
  }

  protected void updateMonitor() {
    int index = -1;
    for (int k=0; k<m_fontMenus.length; k++) {
      if (m_fontMenus[k].isSelected()) {
        index = k;
        break;
      }
    }
    if (index == -1)
      return;
    boolean isBold = m_bold.isSelected();
    boolean isItalic = m_italic.isSelected();

    m_cbFonts.setSelectedIndex(index);

    if (index==2) {   //Courier
      m_bold.setSelected(false);
      m_bold.setEnabled(false);
      m_italic.setSelected(false);
      m_italic.setEnabled(false);
      m_bBold.setSelected(false);
      m_bBold.setEnabled(false);
      m_bItalic.setSelected(false);
      m_bItalic.setEnabled(false);
    }
    else {
      m_bold.setEnabled(true);
      m_italic.setEnabled(true);
      m_bBold.setEnabled(true);
      m_bItalic.setEnabled(true);
    }

    if (m_bBold.isSelected() != isBold)
      m_bBold.setSelected(isBold);
    if (m_bItalic.isSelected() != isItalic)
      m_bItalic.setSelected(isItalic);

    int style = Font.PLAIN;
    if (isBold)
      style |= Font.BOLD;
    if (isItalic)
      style |= Font.ITALIC;
    Font fn = m_fonts[index].deriveFont(style);
    m_monitor.setFont(fn);
    m_monitor.repaint();
  }
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  public static void main(String argv[]) { 
    new BasicTextEditor(); 
  }
}

class SmallButton extends JButton implements MouseListener
{
  protected Border m_raised;
  protected Border m_lowered;
  protected Border m_inactive;

  public SmallButton(Action act, String tip) {
    super((Icon)act.getValue(Action.SMALL_ICON));
    m_raised = new BevelBorder(BevelBorder.RAISED);
    m_lowered = new BevelBorder(BevelBorder.LOWERED);
    m_inactive = new EmptyBorder(2, 2, 2, 2);
    setBorder(m_inactive);
    setMargin(new Insets(1,1,1,1));
    setToolTipText(tip);
    addActionListener(act);
    addMouseListener(this);
    setRequestFocusEnabled(false);
  }

  public float getAlignmentY() { return 0.5f; }

  public void mousePressed(MouseEvent e) { 
    setBorder(m_lowered);
  }
  public void mouseReleased(MouseEvent e) {
    setBorder(m_inactive);
  }
  public void mouseClicked(MouseEvent e) {}
  public void mouseEntered(MouseEvent e) {
    setBorder(m_raised);
  }
  public void mouseExited(MouseEvent e) {
    setBorder(m_inactive);
  }
}

class SmallToggleButton extends JToggleButton
  implements ItemListener 
{
  protected Border m_raised;
  protected Border m_lowered;

  public SmallToggleButton(boolean selected, 
   ImageIcon imgUnselected, ImageIcon imgSelected, String tip) {
    super(imgUnselected, selected);
    setHorizontalAlignment(CENTER);
    setBorderPainted(true);
    m_raised = new BevelBorder(BevelBorder.RAISED);
    m_lowered = new BevelBorder(BevelBorder.LOWERED);
    setBorder(selected ? m_lowered : m_raised);
    setMargin(new Insets(1,1,1,1));
    setToolTipText(tip);
    setRequestFocusEnabled(false);
    setSelectedIcon(imgSelected);
    addItemListener(this);
  }
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  public float getAlignmentY() { return 0.5f; }

  public void itemStateChanged(ItemEvent e) {
    setBorder(isSelected() ? m_lowered : m_raised);
  }
}

Understanding the Code

Class BasicTextEditor

BasicTextEditor now declares three new instance variables:

JComboBox m_cbFonts: combo box containing available font names.

SmallToggleButton m_bBold: custom toggle button representing the bold font style.

SmallToggleButton m_bItalic: custom toggle button representing the italic font style.

The createMenuBar() method now creates three instances of the SmallButton class (see below)
corresponding to our pre-existing “New,” “Open,” and “Save” toolbar buttons.These are constructed by
passingtheappropriateAction (whichwebuiltin partII)aswellasatooltip String to theSmallButton
constructor.Then we create a combo box with allavailable fontnames and add itto the toolbar.The
setMaximumSize() method is called on the combo box to reduce its size to a necessary maximum
(otherwise itwillfillallunoccupied space in ourtoolbar).An ActionListener isthen added to monitor
combo box selection.Thislistenerselectsthecorresponding fontmenu item becausethecombo box and font
radio button menu itemsmust always be in synch. It then calls our updateMonitor() method.

Two SmallToggleButtons are created and added to our toolbar to manage the bold and italic font
properties.Each button receivesan ActionListener which selects/deselectsthecorresponding menu item
(becauseboth the menu itemsand toolbarbuttonsmustremain in synch)and callsour updateMonitor()
method.

OurupdateMonitor() method receivessome additionalcode to provide consistency between ourmenu
items and toolbarcontrols.This method relies on the state ofthe menu items,which is why the toolbar
components first set the corresponding menu items when selected. The code added here is self-explanatory and 
just involves enabling/disabling and selecting/deselecting components to preserve consistency.

Class SmallButton

SmallButton representsa smallpush button to be used in a toolbar.Itimplementsthe MouseListener
interface to processmouse input. Three instance variables are declared:

Border m_raised: border to be used when the mouse cursor is located over the button.

Border m_lowered: border to be used when the button is pressed.

Border m_inactive: border to be used when the mouse cursor is located outside the button.

The SmallButton constructortakesan Action parameter,which isadded asan ActionListener and
performs an appropriate actionwhenthebuttonispressed,anda String representingthetooltiptext.Several
familiarpropertiesare assigned and the icon encapsulated within the Action isused forthisbuttonsicon.
SmallButton also addsitselfasaMouseListener and setsitstooltip textto thegiven String passed to
theconstructor.Notethatthe requestFocusEnabled property issetto false so thatwhen thisbutton is
clicked focus will not be transferred out of our JTextArea editor component.

ThegetAlignmentY() method isoverriden to return aconstantvalueof0.5f,indicating thatthisbutton
should always be placed in the middle of the toolbar in the vertical direction. The remainder of
SmallButton representsan implementation ofthe MouseListener interfacewhich setstheborderbased
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onmouseevents.Theborderissetto m_inactive whentheismouselocatedoutsideitsbounds,m_active
when the mouse is located inside its bounds, and m_lowered when the button is pressed.

Class SmallToggleButton

SmallToggleButton extendsJToggleButton and implementsthe ItemListener interfaceto process
changes in the button's selection state. Two instance variables are declared:

Border m_raised: border to be used when the button is unselected (unchecked).

Border m_lowered: border to be used when the button is selected (checked).

TheSmallToggleButton constructor takes four arguments:

boolean selected: initial selection state.

ImageIcon imgUnselected: icon for use when unselected.

ImageIcon imgSelected: icon for use when selected.

String tip: tooltip message.

In the constructor,severalfamiliar button properties are set,and a raised or lowered border is assigned
depending on the initialselection state.Each instance is added to itselfas an ItemListener to receive
notification aboutchangesin itsselection.Thusthe itemStateChanged() method isimplemented which
simply sets the button's border accordingly corresponding to the new selected state.

Running the Code

Verify that the toolbar components (combobox andtogglebuttons)changetheeditor'sfontasexpected.Check
which menu and toolbarcomponentswork consistently (menu item selectionsresultin changesin thetoolbar
controls, and vice versa).

UI Guideline :Tooltip Help Tooltip Help on mouse-overisa "musthave" technicaladdition forsmalltoolbar
buttons.The relatively recentinnovation oftooltipshasgreatly improved the usability oftoolbars.Don'tget
caught delivering a toolbar without one, but make sure that your tooltip text is meaningful to the user!

12.5 Basic text editor: part IV - custom menu components
Inthissection wewillshow how to build acustom menu component,ColorMenu,which allowsselection of
acolorfrom agrid ofsmallcolored panes(which areinstancesoftheinnerclassColorMenu.ColorPane).
By extending JMenu weinheritallMenuElement functionality (see12.1.10),making custom menu creation
quite easy.
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Figure 12.6 Custom  m enu com ponent used for quick color selection.

<<file figurer12-6.gif>>

The Code: BasicTextEditor.java
see\Chapter12\4

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.*;

public class BasicTextEditor extends JFrame 
{
  // Unchanged code from section 12.4

  protected JMenuBar createMenuBar()
  {
    // Unchanged code

    JMenu mOpt = new JMenu("Options");
    mOpt.setMnemonic('p');

    ColorMenu cm = new ColorMenu("Foreground");
    cm.setColor(m_monitor.getForeground());
    cm.setMnemonic('f');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        ColorMenu m = (ColorMenu)e.getSource();
        m_monitor.setForeground(m.getColor());
      }
    };
    cm.addActionListener(lst);
    mOpt.add(cm);
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    cm = new ColorMenu("Background");
    cm.setColor(m_monitor.getBackground());
    cm.setMnemonic('b');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        ColorMenu m = (ColorMenu)e.getSource();
        m_monitor.setBackground(m.getColor());
      }
    };
    cm.addActionListener(lst);
    mOpt.add(cm);
    menuBar.add(mOpt);

    getContentPane().add(m_toolBar, BorderLayout.NORTH);
    return menuBar;
  }

  // Unchanged code
}

class ColorMenu extends JMenu
{
  protected Border m_unselectedBorder;
  protected Border m_selectedBorder;
  protected Border m_activeBorder;

  protected Hashtable m_panes;
  protected ColorPane m_selected;

  public ColorMenu(String name) {
    super(name);
    m_unselectedBorder = new CompoundBorder(
      new MatteBorder(1, 1, 1, 1, getBackground()),
      new BevelBorder(BevelBorder.LOWERED, 
      Color.white, Color.gray));
    m_selectedBorder = new CompoundBorder(
      new MatteBorder(2, 2, 2, 2, Color.red),
      new MatteBorder(1, 1, 1, 1, getBackground()));
    m_activeBorder = new CompoundBorder(
      new MatteBorder(2, 2, 2, 2, Color.blue),

new MatteBorder(1, 1, 1, 1, getBackground()));

    JPanel p = new JPanel();
    p.setBorder(new EmptyBorder(5, 5, 5, 5));
    p.setLayout(new GridLayout(8, 8));
    m_panes = new Hashtable();

    int[] values = new int[] { 0, 128, 192, 255 };
 for (int r=0; r<values.length; r++) {

      for (int g=0; g<values.length; g++) {
        for (int b=0; b<values.length; b++) {
          Color c = new Color(values[r], values[g], values[b]);
          ColorPane pn = new ColorPane(c);
          p.add(pn);
          m_panes.put(c, pn);
        }
      }
    }
    add(p);
  }
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  public void setColor(Color c) {
    Object obj = m_panes.get(c);
    if (obj == null)
      return;
    if (m_selected != null)
      m_selected.setSelected(false);
    m_selected = (ColorPane)obj;
    m_selected.setSelected(true);
  }

  public Color getColor() {
    if (m_selected == null)
      return null;
    return m_selected.getColor();
  }

  public void doSelection() {
    fireActionPerformed(new ActionEvent(this, 
      ActionEvent.ACTION_PERFORMED, getActionCommand()));
  }

  class ColorPane extends JPanel implements MouseListener
  {
    protected Color m_c;
    protected boolean m_selected;

    public ColorPane(Color c) {
      m_c = c;
      setBackground(c);
      setBorder(m_unselectedBorder);
      String msg = "R "+c.getRed()+", G "+c.getGreen()+
        ", B "+c.getBlue();
      setToolTipText(msg);
      addMouseListener(this);
    }

    public Color getColor() { return m_c; }

    public Dimension getPreferredSize() {
      return new Dimension(15, 15);
    }
    public Dimension getMaximumSize() { return getPreferredSize(); }
    public Dimension getMinimumSize() { return getPreferredSize(); }

    public void setSelected(boolean selected) {
      m_selected = selected;
      if (m_selected)
        setBorder(m_selectedBorder);
      else
        setBorder(m_unselectedBorder);
    }

    public boolean isSelected() { return m_selected; }

    public void mousePressed(MouseEvent e) {}

    public void mouseClicked(MouseEvent e) {}

    public void mouseReleased(MouseEvent e) {
      setColor(m_c);
      MenuSelectionManager.defaultManager().clearSelectedPath();
      doSelection();
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    }

    public void mouseEntered(MouseEvent e) {
      setBorder(m_activeBorder);
    }

    public void mouseExited(MouseEvent e) {
      setBorder(m_selected ? m_selectedBorder : 
        m_unselectedBorder);
    }
  }
}

Understanding the Code

Class BasicTextEditor

The createMenuBar() method now creates a new JMenu titled “Options” and populates itwith two
ColorMenus.The firstofthese menus receives an ActionListener which requests the selected color,
using ColorMenu’sgetColor() method,and assignsitasthe foreground colorofoureditorcomponent.
Similarly,the second ColorMenu receivesan ActionListener which managesoureditor's background
color.

Class ColorM enu

ThisclassextendsJMenu and representsa custom menu componentwhich servesasa quick colorchooser.
Instance variables:

Border m_unselectedBorder:bordertobeused foraColorPane (seebelow)whenitisnotselected
and the mouse cursor is located outside of its bounds.

Border m_selectedBorder:borderto be used fora ColorPane when itisselected and the mouse
cursor is located outside of its bounds.

Border m_activeBorder:borderto beused foraColorPane when themousecursorislocated inside
its bounds.

Hashtable m_panes: a collection of ColorPanes.

ColorPane m_selected: a reference to the currently selected ColorPane.

TheColorMenu constructortakesamenu nam easparameterand createstheunderlying JMenu component
using thatname.This creates a rootmenu item which can be added to anothermenu orto a menu bar.
Selecting thismenu item willdisplay its JPopupMenu component,which normally containsseveralsimple
menu items.In ourcase,however,we add a JPanel to itusing JMenu’s add(Component c) method.
ThisJPanel servesasacontainerfor64 ColorPanes(seebelow)which areused to display theavailable
selectable colors,as wellas the currentselection.A triple for cycle is used to generate the constituent
ColorPanesin 3-dimensionalcolorspace.Each ColorPane takesaColor instanceasconstructorparameter,
and each ColorPane is placed in our Hashtable collection, m_panes, using its associated Color as the key.

ThesetColor() method finds a ColorPane which holds agiven Color.Ifsuchacomponentisfoundthis
method clears the previously selected ColorPane and selects a new one by calling its setSelected()
method. The getColor() method simply returns the currently selected color.

The doSelection() method sendsan ActionEvent to registered listenersnotifying them thatan action
has been performed on this ColorPane, which means a new color may have been selected.
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Class ColorM enu.ColorPane

Thisinner classisused to display asinglecoloravailableforselection in a ColorMenu.ItextendsJPanel
and implements MouseListener to process its own mouse events.This class uses the three Border
variables from the parentColorMenu class to representits state,whetherselected,unselected,oractive.
Instance variables:

Color m_c: color instance represented by this pane.

boolean m_selected: a flag indicating whether or not this pane is currently selected.

TheColorPane constructortakesaColor instanceas parameterand storesitin ourm_c instancevariable.
Theonly thing weneed to do to display thatcolorissetitasthe pane'sbackground.W e also add a tooltip
indicating the red, green, and blue components of this color.

AllM ouseListenerrelatedmethodsshouldbefamiliarbynow.However,take noteofthe mouseReleased()
method which plays the key roleincolorselection:Ifthemouseisreleasedovera ColorPane wefirstassign
the associated Color to the parenting ColorMenu component using the setColor() method(soitlatercan
be retrieved by any attached listeners). W e then hide all opened menu components by calling the
MenuSelectionManager.clearSelectedPath() method since menu selection is completed atthis
point.Finally weinvokethedoSelection() method on theparenting ColorMenu componentto notify all
attached listeners.

Running the Code

Experimentwith changing theeditor’sbackground and foreground colorsusing ourcustom menu component
available in the “Options” menu..Note thata color selection willnotaffectanything untilthe mouse is
released,and a mouse release also triggersthe collapse ofallmenu popupsin the currentpath.Figure 12.6
showsColorMenu in action. 

UI Guideline : Usability and Design alternatives

A more traditionalapproach to this exampe would be to have an elipsis on the menu option and open a Color
ChooserDialog.Considerwhatan improvementthe presented design makes to usability.W ithin a limited
rangeofcolours,thisdesign allowsfasterselection with thepossibleminorcon thatthereismorechanceofa
mistakebeing madein theselection.However,such amistakeislow costasitcan easily becorrected.Asyou
willseeinthenextchapter,knowingthatyouhaveaboundedrangeofinputselectionscan beputto good use
when improving a design and usability.

UI references:
Human Factors International at http://www.humanfactors.com
A Test to give you Fitt's at http://www.asktog.com
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Chapter 13. Progress Bars, Sliders, 
and Scroll Bars
In this chapter:

• Bounded-range components overview

• Basic JScrollBar example

• JSlider date chooser

• JSliders in a JPEG image editor

• JProgressBar in an FTP client application

13.1 Bounded-range components overview
JScrollBar,JSlider, and JProgressBar providevisualization and selection withinaboundedinterval,
allowing theuserto conveniently selectavaluefrom thatinterval,orsimply observeitscurrentstate.In this
section we'llgiveabriefoverview ofthesecomponentsand thesignificantclassesand interfacesthatsupport
them.

13.1.1 The BoundedRangeM odel interface

abstract interface javax.swing.BoundedRangeM odel

The BoundedRangeModel interface describes a data model used to define an integer value between
minimum and maximum values.Thisvaluecan haveasubrangecalled anextent,which can beused to define
the size of,forinstance,a scrollbar“thumb.” Often the extentchanges dynamically corresponding to how
much ofthe entire range ofpossible valuesisvisible.Note thatthe value can neverbe setlargerthan the
maximum orminimum values,and the extentalwaysstartsatthe currentvalue and neverextendspastthe
maximum.AnotherpropertycalledvalueIsAdjusting declared and expected to betruewhen thevalueis
in the state of being adjusted.

Implementations are expected to fire ChangeEvents when any of the minimim,maximum,value,extent,
orvalueIsAdjusting propertieschangestate.Thus,BoundedRangeModel includesmethod decarations
foraddingandremovingChangeListeners:addChangeListener() andremoveChangeListener().
Thismodel is used byJProgressBar, JSlider, andJScrollBar.

UI Guideline : W hy choose a bounded range com ponent

The bounded range components are essentially analog devices in nature.They are good atproviding relative,
positional,approximate or changing (in time) data.They are also excellentatvisually communicating the
boundsorlimitsofadataselection and atcommunicating percentageofthewholethrough approximatevisual
means.W hereyouhaveseveralvalueswhichsharethesameboundse.g.RGB valuesforaColorChooser,then
you can easily communicate relative valuesofthe three choicesthrough use ofa bounded range component.
The position of each componentshows the relative value of one against the other.

So use bounded range components when there is advantage in communicating the range of values and an
approximate, relative, position or changing value needs to be communicated to the User.
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13.1.2 DefaultBoundedRangeM odel

class javax.swing.DefaultBoundedRangeM odel

DefaultBoundedRangeModel is the default concrete implementation of the BoundedRangeModel
interface.The defaultconstructorinitializesa modelwith 0 forminimum,100 formaximum,and 0 forthe
value and extentproperties.Anotherconstructorallowsspecification ofeach ofthese initialvaluesasint
parameters.As expected,this implementation does fire ChangeEvents whenever one of its properties
changes.

13.1.3 JScrollBar

class javax.swing.JScrollBar

Scrollbarscan beused to chooseanew valuefrom aspecified intervalbysliding aknob (often referred to as
the thumb)between given maximum and minimum bounds,orby using smallbuttons atthe ends ofthe
component.Theareanotoccupiedbythethumbandbuttonsisknownasthepagingarea,andthiscanalsobe
used to changethecurrentscrollbarvalue.Thethumb representstheextentofthisbounded-rangecomponent,
and its value is stored in the visibleAmount property.

JScrollBar can be oriented horizontally or vertically,and its value increases to the rightor upward
respectively.To specifyorientation,stored in theorientation property,wecallthesetOrientation()
method and pass it one of the JScrollBar.HORIZONTAL or JScrollBar.VERTICAL constants.

Clickingonabuttonmovesthethumb(andthusthevalue--recallthatabounded-rangecomponent’svaluelies
atthebeginningoftheextent)bythevalueofJScrollBar’sunitIncrement property.Similarly,clicking
the paging area moves the thumb by the value of JScrollBar’sblockIncrement property.

Note:Itis common to match the visibleAmount property with the blockIncrement property.This is a
simpleway to visually signify to the user how much of the available range of data is currentlyvisible.

UI Guideline : Usage of a ScrollbarBackground

TheScrollbarisreallyacomputerenhanceddevelopmentfrom anoriginalanalog mechanicalidea.Scrollbarsarein
somerespectsmoreadvanced than Sliders(seesection 13.1.4).TheThumb oftheScrollbarcan very cleverly
beusedtoshow thecurrentdataasapercentageofawhole(asdescribed in theNoteabove).Ifthescrollbaris
placed onto an image and the thumb is approximately 50% ofthe totalsize,then the Useris given a clear
indication thattheviewing areaisroughly halfofthetotal.Theability fortheThumb in ascrollbarto change
size to accurately reflectthis,is something which could nothave been achieved with a mechanicaldevice.
Scrollbar is in this respecta very good example oftaking a metaphorbased on a mechanicaldevice and
enhancing it to improve usability.

Choosing Position

Byfarthebestuseofascrollbarispositionselection.Theyareinnatureanalogandtothevieweraregivingonlyan
approximate position.Position selection is how they are used throughoutSwing inside a JScrollPane.Users
havebecomeused to thisusageand itsvery natural.Formostotheroccasionswhereyou wish to useasliding
control for selection, a Slider is probably best.

As expected, JScrollBar uses a DefaultBoundedRangeModel by default. In addition to the
ChangeEvents fired by this model, JScrollPane fires PropertyChangeEvents when its
orientation,unitIncrement,orblockIncrement propertieschangestate.JScrollPane also fires



3

AdjustmentEventswheneverany ofitsbound propertieschange,orwhen any ofit’smodel’sproperties
change (this is done solely for backward compatibility with the AW T scrollbar class). Accordingly,
JScrollPane provides methods to add and remove AdjustmentListeners (we don’tneed to provide
methodsforadding and removingPropertyChangeListenersbecausethisfunctionalityisinherited from
JComponent).

Note:AdjustmentListeners receive AdjustmentEvents.Both are defined in java.awt.event--see
API docs.

13.1.4 JSlider

class javax.swing.JSlider

Sliderscan beused to chooseadesirablenumericalvaluefrom aspecified intervalbysliding aknob between
given borders(using the mouse,arrow keys,orPageDown and PageUp).Sliders are very usefulwhen we
know in advance the range of input the user should be able to choose from.

JSlider supportshorizontaland verticalorientations,and itsorientation property can besetto oneof
JSlider.HORIZONTAL orJSlider.VERTICAL.The extent property specifiesthe numberofvaluesto
skipforward/uporback/downwhenPageUporPageDownispressed,respectively.Tickmarkscanbeusedto
denotevaluelocations.M inorand majortick marksare supported,where majorticksare usually longerand
spread fartherapartthan minorticks.In thecasewhereamajorand minortick fallon thesamelocation,the
majortick takesprecedence and the minortick willnotbe displayed.Spacing between minortick marksis
specified by the minorTickSpacing property,and spacing between majortick marksisspecified by the
majorTickSpacing property.

Note:The tick spacing propertiesspecify the numberofvaluesto be skipped between each successive tick.Their
namesare somewhatmisleading because they actually have nothing to do with the physicalspace (in pixels)
between each tick. They would be more appropriately named “minorTickDisplayInterval” and
“majorTickDisplayInterval.”

Setting eitherspacing propertyto 0 hasadisabling effect,and thepaintTicks propertyalso providesaway
of turning ticks on and off. 

Note:ThesnapToTicks propertyisintendedtoonlyallow thesliderknobtolieonatick-markedvalue,however,
this feature does not work as expected as of Java 2 FCS.

M ajortickscan beannotated bycomponents,and bydefaulteachofJSlider’smajorticksareadorned with
JLabel’s denoting the integer tick value. W e can turn on/off this functionality by changing the
paintLabels property,and we can customize which componentsare used to annotate,and atwhatvalues
they are placed,by passing a Dictionary of Integer/Component pairs to the setLabelTable()
method.ThecreateStandardLabels() method isused bydefaultto setupJSlider with itsJLabel’s
ateach majortick value.Thismethod returnsaHashtable (sub-classofDictionary) which can then be
assigned to JSlider using setLabelTable().

By defaultJSlider’svaluesincrementfrom left-to-rightorbottom-to-top depending on whetherhorizontal
or vertical orientation is used respectively. To reverse the direction of incrementation we can set the
inverted property to true.
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UI Guideline : Usage of a Slider

By origin a sliderisan analog device.Slidersare really a close graphicaland behaviouralrepresentation ofa real
worldanalogsliderfrom forexample,ahi-fisystem oran olderTV volumecontrol.Assuch slidersareanalog
devicesand are designed foruse in determining an approximate orpositionalsetting forsomething.Usually
theyrelyon directuserfeedback to help with thechoiceofposition.W ith theTV volumecontrolexample,the
volumewould go up and down asthesliderismoved and theUserwould stop moving itwhen thevolumewas
at a comfortable level.

The Swing version ofa sliderisactually a digitaldevice disguised asan analog one.Each tick ofthe sliderisa
digitalincrement.The slidercan therefore be used to determine an accurate value providing some additional
digital feedback is given for the User such as a numericdisplayoftheabsolutevalueorascalealongthesideof
theslider.W hereaccuratevaluesareimportant,such aswith acolourchooser,besureto providean absolute
value as output along side the slider.

Feedback
Immediate feedback isimportantwith slidersdue to the analog nature ofthe device.Provide actualfeedback
such asthebrightnessofapicture which increasesordecreasesasthe sliderismoved orprovide an absolute
numericvaluereadoutwhich can beobserved to changeasthesliderismoved.Therefore,judicioususeofthe
Change Event with a ChangeListener is important so that the feedback mechanism can be updated e.g.
brightness or contrast in an image.

M ovem ent
The two defaultorientationsofSliderare conventionswhich date back to originalanalog electronic devices.
W hen vertical,the down position islowerand you move itup to increase in value.W hen horizontal,leftis
lower and youmove it right to increaseinvalue.Usersarelikelytobeveryfamiliarwiththisconvention.Ifyou
wish to switch it, then you should have a very very good reason for doing. W e wouldn't recommend it!

Slider vs. Scrollbar

On thewhole,useaSliderforchoosing avaluewhen thevalueneeded isapproximateand subjectivesuch ascolor,
volume, brightness and requires User feedback to makethesubjective judgement.Useascrollbarforpositional
choice,where the desired position is again approximate and judged relative to the whole.

The paintTrack property specifieswhetherthe whole slidertrack isfilled in ornot.The M etalL&F UI
delegate for JSlider pays attention to client propertywith key“JSlider.isFilled” and Boolean value.
Adding this property to a JSlider’s client properties hashtable (using putClientProperty()--see
chapter2)withavalueofBoolean.TRUE,willfillinonlythelowerhalfoftheslidertrack from theposition
oftheknob.Notethatthisclientpropertywillhaveno effectifthepaintTrack propertyissettotrue,and
will only work if the slider is using the M etal L&F UI delegate.

As expected, JSlider uses a DefaultBoundedRangeModel by default. In addition to the
ChangeEventsfired by thismodel,JSlider firesPropertyChangeEventswhen any ofitsproperties
desribed above change state. Unlike JScrollBar, this class provides the ability to add and remove
ChangeListeners directly,vs.AdjustmentListeners.

13.1.5 JProgressBar

cass javax.swing.JProgressBar

Progress bars can be used todisplayhow farorcloseagivennumericalvalueisfrom theboundsofaspecified
interval. Theyaretypicallyusedtoindicateprogressduringacertainlengthyjobtoprovidesimplefeedbackto
the usershowing thatthe job being monitored is alive and active.As with JScrollBar and JSlider,
JProgressBar can beoriented horizontally orvertically.Notealso thatJProgressBar actsidentically to
JSlider with respect to incrementing: left-to-right in horizontal orientation, bottom-to-top in vertical
orientation.



5

A JProgressBar ispainted filled from the minimum value to itscurrentvalue (with the exception ofthe
W indowsL&F,which paintsaseriesofsmallrectangles).A percentagerepresenting how much ofajob has
been completed can optionally by displayed in the center of JProgressBar. The string property
represents the String to be painted (usually of the form XX% ,where X is a digit),stringPainted
specifieswhetherornotstring should bepainted,and percentComplete isadouble between 0 and 1
specifying how much of the job has been completed so far. 

Note:W e normally do notneed to take controlofthis rendering functionality,because by setting the string
property to null, and the stringPainted property to true, the percentComplete property is
convereted to the XX%  form for us, and displayed in the progress bar.

JProgressBar’sforegroundandbackgroundcanbeassignedasanyJComponent,however,thecolorused
to renderits statustextisnotdirectly modifiable.Instead thisishandled by the UIdelegate,and the easiest
way to assign specific colorsisto replace the appropriate UIresourcesinUIManager’sdefaultstable (see
chapter 21 for more about L&F customization).

The borderPainted property (defaults to true) specifies whether or nota border is rendered around
JProgressBar.As expected,JProgressBar uses a DefaultBoundedRangeModel by default,and
ChangeListeners can be added to receive ChangeEvents when any ofJProgressBar’s properties
change state.

During a monitored operation we simply callsetValue() on a JProgressBar and allupdating istaken
care offorus.Note thatwe mustbe carefulto make thiscallin the eventdispatching thread.Considerthe
following basic example, figure 13.1 illustrates:

Figure 13.1 A basic JProgressBar exam ple show ing custom  colors and proper updating.

<<file figure13-1.gif>>

The Code: JProgressBarDem o.java
see\Chapter13\1

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;
import javax.swing.event.*;

public class JProgressBarDemo 
  extends JFrame
{
  protected int m_min = 0;
  protected int m_max = 100;
  protected int m_counter = 0;
  protected JProgressBar jpb;

  public JProgressBarDemo() 
  {
    super("JProgressBar Demo");
    setSize(300,50);

    UIManager.put("ProgressBar.selectionBackground", Color.black);
    UIManager.put("ProgressBar.selectionForeground", Color.white);
    UIManager.put("ProgressBar.foreground", new Color(8,32,128));
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    jpb = new JProgressBar();
    jpb.setMinimum(m_min);
    jpb.setMaximum(m_max);
    jpb.setStringPainted(true);

    JButton start = new JButton("Start");
    start.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() {
            m_counter = m_min;
            while (m_counter <= m_max) {
              Runnable runme = new Runnable() {
                public void run() {
                  jpb.setValue(m_counter);
                }
              };
              SwingUtilities.invokeLater(runme);
              m_counter++;
              try { 
                Thread.sleep(100); 
              } 
              catch (Exception ex) {}
            }
          }

  };
        runner.start();
      }
    });

    getContentPane().add(jpb, BorderLayout.CENTER);
    getContentPane().add(start, BorderLayout.WEST);

    WindowListener wndCloser = new WindowAdapter()
    {
      public void windowClosing(WindowEvent e) 
      {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);
    setVisible(true);
  }

  public static void main(String[] args) 
  { 
    new JProgressBarDemo();
  }
}

Note: TheJProgressBar UIdelegatecenterstheprogresstexthorizontallyandvertically.However,itscentering
scheme enforcesa certain amountofwhite space around the textand hasundesirable effectswhen using thin
progressbars.In orderto fix thiswe can override BasicProgressBarUI’sgetStringPlacement()
method (see APIdocsand BasicProgressBarUI.java source)to return the desired Point location where the
text should be rendered.

UI Guideline : Usage of Progress BarLong Operations

ProgressBarsare commonly used as a fillin foroperations which will take a long time.A long time in human
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interaction is often defined as around 1 second or longer.The progress bar is usually rendered inside a
JOptionPane.

Special attention will need to be paid to the business logic code so that it is capable of notifying a Progress Bar ofthe
progress of an operation.

ProgressBarsareinherintlyanaloginnature.Analogdataisparticularlygood fordisplaying changeand forrelative
comparison.Itisnotgoodforexactmeasurement. Theanalognatureofa ProgressBarmeansthatitisgoodfor
showing thatsomething ishappening and thatprogressistaking place.However,itisnotgood forgiving an
exactmeasureofcompleteness.Ifyourproblem domainrequirestheabilityto measureexactlyhow completea
task isthen you mayto to supplementtheprogressbarwith adigitalreading ofprogress.Thisiscommon with
Internet download dialogs and option panes.

A digitalreadoutisparticularly usefulwhen the task to be completed willtake a very long time.The progressbar
mayonlybegivingyouagranularityofaround3% foreachgraphic.Ifittakessignificantlylongtoprogressby
sucha jump,saygreaterthan5seconds,thenthedigitalreadoutwillgiveyouafinergrainedreadingat1% and
willchangeapproximately 3 timesfasterthan yourprogressbar.Thecombination ofthetwo helpsto passthe
timefortheviewerand givesthem thereassurancethatsomething ishappening whilstalso giving them avery
accurate view ofprogress.Thatis why the dualcombination ofdigitaland analog progress is popularwith
Internet download dialogs, as the task can be very long and cannot be determined by the application developer.

13.1.6 ProgressM onitor

class javax.swing.ProgressM onitor

TheProgressMonitor classisaconvenient and intelligentmeansofdeploying adynamicprogressbarin
an application thatperformstime-consuming operations.Thisclassisa directsub-classofObject (thusit
does not exist in the component hierarchy).

ProgressMonitor displaysaJDialog containing aJOptionPane-stylecomponent.Thenote property
representsaString thatcan changeduring thecourseofan operation and isdisplayed in aJLabel above
theJProgressBar (if null is used this label is not displayed).

Two buttons,“OK” and “Cancel,” are placed atthe bottom and serve to dismiss the dialog and abortthe
operation respectively.The“OK “ button simply hidesthedialog.The“Cancel” button also hidesthedialog,
and setsthe canceled property true,providing uswith a way to testwhetherthe userhascanceled the
operation ornot.Sincemosttime-consuming operationsoccurin loops,wecan testthisproperty during each
iteration and abort if necessary.

The millisToDecideToPopup property is an intvalue specifying the number of milliseconds to wait
before ProgressMonitor should determine whetherto pop up a dialog (defaultsto 500).Thisisused to
allow acertain amountoftimeto passbeforequestioning whetherthejob islong enough to warrantpopping
up adialog.ThemillisToPopup propertyisan int valuespecifying theminimum timeajob musttakein
orderto warrantpopping up adialog (defaultsto 2000).IfProgressMonitor determinesthatthe job will
take less than millisToPopup milliseconds the dialog will not be shown.

The progress property is an int value specifying the currentvalue ofthe JProgressBar.During an
operation we are expected to update the note and progress in the event-dispatching thread (as
demonstrated in the example above).

W arning:In lightoftheses properties we should only use a ProgressMonitor forsimple,predictable jobs.
ProgressMonitor basestheestimated timeto completion on the value ofitsJProgressBar from start
timeto currentevaluation timeand assumesthataconstantrateofprogression willexistthroughoutthewhole
job.Fortransfering asinglefilethismay beafairly valid assumption.However,therateofprogressishighly
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dependant on how the job is constructed. If 

Note:ProgressMonitor doesnotcurrently giveusaccessto itsJProgressBar component.W ehopethatin
future implementations this will be accounted for, as this makes customizationmore difficult.

13.1.6 ProgressM onitorInputStream

class javax.swing.ProgressM onitorInputStream

This class extends java.io.FilterInputStream and contains a ProgressMonitor.W hen used in
place of an InputStream, this class provides a very simple means of displaying job progress. This
InputStream’s overloaded read() methods read data and update the ProgressMonitor atthe same
time. W e can access ProgressMonitorInputStream’s ProgressMonitor with
getProgressMonitor() but we cannot assign it a new one. (See the API docs for more about
InputStreams.)

13.2 Basic JScrollBar example
TheJScrollBar componentismostoften seen aspartofaJScrollPane.W erarelyusethiscomponent
alone,unlesscustomized scrolling isdesired.In thissection we'llshow how to useJScrollBar to createa
simple custom scrolling pane from scratch.

Figure 13.2 Running ScrollDem o exam ple show ing an im age in the custom  scroll pane.

<<file figure13-2.gif>>

The Code: ScrollDem o.java
see\Chapter13\2

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;
import javax.swing.event.*;

public class ScrollDemo extends JFrame
{
  public ScrollDemo() {
    super("JScrollBar Demo");
    setSize(300,250);
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    ImageIcon ii = new ImageIcon("earth.jpg");
    CustomScrollPane sp = new CustomScrollPane(new JLabel(ii));
    getContentPane().add(sp);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);
    setVisible(true);
  }

  public static void main(String[] args) { 
    new ScrollDemo();
  }
}

class CustomScrollPane extends JPanel
{
  protected JScrollBar m_vertSB;
  protected JScrollBar m_horzSB;
  protected CustomViewport m_viewport;
  protected JComponent m_comp;

  public CustomScrollPane(JComponent comp) {
    setLayout(null);
    m_viewport = new CustomViewport();
    m_viewport.setLayout(null);
    add(m_viewport);
    m_comp = comp;
    m_viewport.add(m_comp);

    m_vertSB = new JScrollBar(
      JScrollBar.VERTICAL, 0, 0, 0, 0);
    m_vertSB.setUnitIncrement(5);
    add(m_vertSB);

    m_horzSB = new JScrollBar(
      JScrollBar.HORIZONTAL, 0, 0, 0, 0);
    m_horzSB.setUnitIncrement(5);
    add(m_horzSB);

    AdjustmentListener lst = new AdjustmentListener() {
      public void adjustmentValueChanged(AdjustmentEvent e) {
        m_viewport.doLayout();
      }
    };
    m_vertSB.addAdjustmentListener(lst);
    m_horzSB.addAdjustmentListener(lst);
  }

  public void doLayout() {
    Dimension d = getSize();
    Dimension d0 = m_comp.getPreferredSize();
    Dimension d1 = m_vertSB.getPreferredSize();
    Dimension d2 = m_horzSB.getPreferredSize();

int w = Math.max(d.width - d1.width-1, 0);
    int h = Math.max(d.height - d2.height-1, 0);
    m_viewport.setBounds(0, 0, w, h);
    m_vertSB.setBounds(w+1, 0, d1.width, h);
    m_horzSB.setBounds(0, h+1, w, d2.height);
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    int xs = Math.max(d0.width - w, 0);
    m_horzSB.setMaximum(xs);
    m_horzSB.setBlockIncrement(xs/5);
    m_horzSB.setEnabled(xs > 0);

    int ys = Math.max(d0.height - h, 0);
    m_vertSB.setMaximum(ys);
    m_vertSB.setBlockIncrement(ys/5);
    m_vertSB.setEnabled(ys > 0);

    m_horzSB.setVisibleAmount(m_horzSB.getBlockIncrement());
    m_vertSB.setVisibleAmount(m_vertSB.getBlockIncrement());
  }

  public Dimension getPreferredSize() {
    Dimension d0 = m_comp.getPreferredSize();
    Dimension d1 = m_vertSB.getPreferredSize();

  Dimension d2 = m_horzSB.getPreferredSize();
    Dimension d = new Dimension(d0.width+d1.width, 
      d0.height+d2.height);
    return d;
  }

  class CustomViewport extends JPanel 
  {
    public void doLayout() {
      Dimension d0 = m_comp.getPreferredSize();
      int x = m_horzSB.getValue();
      int y = m_vertSB.getValue();
      m_comp.setBounds(-x, -y, d0.width, d0.height);
    }
  }
}

Understanding the Code

Class ScrollDemo

Thissimpleframe-based classcreatesaCustomScrollPane instance to scrolla large image.Thisclassis
very similar to the first example in the chapter 7 and does not require additional explanation.

Class CustomScrollPane

This class extends JPanel to represent a simple custom scroll pane. Four instance variables are declared:

JScrollBar m_vertSB:vertical scroll bar.

JScrollBar m_horzSB: horizontal scroll bar.

CustomViewport m_viewport: custom viewport component.

JComponent m_comp: component to be placed in our custom viewport.

The CustomScrollPane constructor takes a componentto be scrolled as parameter.Itinstantiates the
instancevariablesdescribed aboveand addsthem to itselfusing anull layout(becausethiscomponentacts
asitsown layoutmanager).NotethattheJScrollBarsarecreated with properorientation andzero values
accross the board (because these are meaningless if not based on the size of the component being scrolled).

An AdjustmentListener iscreated and added to both scrollbars.TheadjustmentValueChanged()
method calls the doLayout() method on the m_viewport componentto perform the actualcomponent
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scrolling according to the new scroll bars values.

The doLayout() method setsthe boundsforthe viewport(in the center),verticalscrollbar(on the right),
and horizontalscrollbar(on the bottom).New maximum valuesand block incrementvaluesare setforthe
scrollbarsbased on thesizesofthe scrolling pane and componentto be scrolled.Note thatifthe maximum
valuereacheszero,thecorresponding scrollbarisdisabled.ThevisibleAmount property ofeach issetto
the corresponding blockIncrement value to provide proportional thumb sizes.

The getPreferredSize() method simply calculates the preferred size ofthis componentbased on the
preferred sizes of it's children.

Class CustomViewport

ThisclassextendsJPanel and representsa simple realization ofa viewportforourcustom scrolling pane.
The only implemented method,doLayout(),readsthe currentscrollbarvaluesand assignsboundsto the
scrolling component accordingly.

Running the Code

Figure13.2showsanimageinthecustom scrollpane.Usethehorizontaland verticalscrollbarsto verifythat
scrolling worksasexpected.Resize the frame componentto verify thatthe scrollbarvaluesand thumbsare
adjusted correctly as the container's size is changed.

13.3 JSlider date chooser
In this example we’llshow how three JSliders can be combined to allow date selection.W e willalso
addresssome resizing issuesand show how to dynamically changeJSlider’sannotation componentsand
tick spacing based on size constraints.

Note:W hilemonthanddayarelimitedvalues,yearisnot.W ecanuseaJSlider toselectyearonlyifwedefinea
limited range of years to choose from. In this examplewe bound the year slider value between 1990 and 2010.
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Figure 13.3 JSliders w ith dynam ically changable bound values, tick spacing, and annotation com ponents.

<<file figure13-3.gif>>

UI Guideline : 

Feedback in Readable form

Using Slidersto pick the valuesfora date may be an interesting method fordata input,however,itdoesnotlend
itselftoreadingandclearoutputcommunication.Thisisfixedbytheuseoftheclearlyhumanreadableform at
the top of the dialog.This directly follows the advice thatSliders should be used with immediate visual
feedback.

Visual Noise

Visual noise or clutter is avoided through the spacing of annotations and the avoiding thetemptationtoannotateeach
day and each year.Thechangein rendering asthedeviceisresized to smallerisalso aclearexampleofhow
extra coding and the adoption of an advanced technique can aid visual communication and usability.

Figure 13.4 JSliders show ing altered m axim um  bound and annotation labels.

<<file figure13-4.gif>>

The Code: DateSlider.java
see\Chapter13\3

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.text.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class DateSlider extends JFrame
{
  public final static Dimension RIGID_DIMENSION = 
    new Dimension(1,3);
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  protected JLabel  m_lbDate;
  protected JSlider m_slYear;
  protected JSlider m_slMonth;
  protected JSlider m_slDay;
  protected Hashtable m_labels;
  protected GregorianCalendar m_calendar;
  protected SimpleDateFormat m_dateFormat;

  public DateSlider() {
    super("Date Slider");
    setSize(500, 340);

    m_calendar = new GregorianCalendar();
    Date currDate = new Date();
    m_calendar.setTime(currDate);
    m_dateFormat = new SimpleDateFormat("EEE, MMM d, yyyyy");

    JPanel p1 = new JPanel();
    p1.setLayout(new GridLayout(4, 1));

    JPanel p = new JPanel();
    p.setBorder(new TitledBorder(new EtchedBorder(),
      "Selected Date"));
    m_lbDate = new JLabel(
      m_dateFormat.format(currDate) + "     ");
    m_lbDate.setFont(new Font("Arial",Font.BOLD,24));
    p.add(m_lbDate);
    p1.add(p);

    m_slYear = new JSlider(JSlider.HORIZONTAL, 1990, 2010,
      m_calendar.get(Calendar.YEAR));
    m_slYear.setPaintLabels(true);
    m_slYear.setMajorTickSpacing(5);
    m_slYear.setMinorTickSpacing(1);
    m_slYear.setPaintTicks(true);
    DateListener lst = new DateListener();
    m_slYear.addChangeListener(lst);

    p = new JPanel();
    p.setBorder(new TitledBorder(new EtchedBorder(), "Year"));
    p.setLayout(new BoxLayout(p, BoxLayout.Y_AXIS));
    p.add(Box.createRigidArea(RIGID_DIMENSION));
    p.add(m_slYear);
    p.add(Box.createRigidArea(RIGID_DIMENSION));
    p1.add(p);

    m_slMonth = new JSlider(JSlider.HORIZONTAL, 1, 12, 
      m_calendar.get(Calendar.MONTH)+1);
    String[] months = 
      (new DateFormatSymbols()).getShortMonths();
    m_labels = new Hashtable(12);
    for (int k=0; k<12; k++)
      m_labels.put(new Integer(k+1), new JLabel(
        months[k], JLabel.CENTER ));
    m_slMonth.setLabelTable(m_labels);
    m_slMonth.setPaintLabels(true);
    m_slMonth.setMajorTickSpacing(1);
    m_slMonth.setPaintTicks(true);
    m_slMonth.addChangeListener(lst);

    p = new JPanel();
    p.setBorder(new TitledBorder(new EtchedBorder(), "Month"));
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    p.setLayout(new BoxLayout(p, BoxLayout.Y_AXIS));
    p.add(Box.createRigidArea(RIGID_DIMENSION));
    p.add(m_slMonth);
    p.add(Box.createRigidArea(RIGID_DIMENSION));
    p1.add(p);

    int maxDays = m_calendar.getActualMaximum(
      Calendar.DAY_OF_MONTH);
    m_slDay = new JSlider(JSlider.HORIZONTAL, 1, maxDays, 
      m_calendar.get(Calendar.DAY_OF_MONTH));
    m_slDay.setPaintLabels(true);
    m_slDay.setMajorTickSpacing(5);
    m_slDay.setMinorTickSpacing(1);
    m_slDay.setPaintTicks(true);
    m_slDay.addChangeListener(lst);

    p = new JPanel();
    p.setBorder(new TitledBorder(new EtchedBorder(), "Day"));
    p.setLayout(new BoxLayout(p, BoxLayout.Y_AXIS));
    p.add(Box.createRigidArea(RIGID_DIMENSION));
    p.add(m_slDay);
    p.add(Box.createRigidArea(RIGID_DIMENSION));
    p1.add(p);

    getContentPane().add(p1, BorderLayout.CENTER);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    enableEvents(ComponentEvent.COMPONENT_RESIZED);
    setVisible(true);
  }

  protected void processComponentEvent(ComponentEvent e) {
    if (e.getID() == ComponentEvent.COMPONENT_RESIZED) {
      int w = getSize().width;

      m_slYear.setLabelTable(null);
      if (w > 200)
        m_slYear.setMajorTickSpacing(5);
      else
        m_slYear.setMajorTickSpacing(10);
      m_slYear.setPaintLabels(w > 100);

      m_slMonth.setLabelTable(w > 300 ? m_labels : null);
      if (w <= 300 && w >=200)
        m_slMonth.setMajorTickSpacing(1);
      else
        m_slMonth.setMajorTickSpacing(2);
      m_slMonth.setPaintLabels(w > 100);

      m_slDay.setLabelTable(null);
      if (w > 200)
        m_slDay.setMajorTickSpacing(5);
      else
        m_slDay.setMajorTickSpacing(10);
      m_slDay.setPaintLabels(w > 100);
    }
  }
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  public void showDate() {
    m_calendar.set(m_slYear.getValue(),
    m_slMonth.getValue()-1, 1);
    int maxDays = m_calendar.getActualMaximum(
      Calendar.DAY_OF_MONTH);

    if (m_slDay.getMaximum() != maxDays) {
      m_slDay.setValue(
        Math.min(m_slDay.getValue(), maxDays));
      m_slDay.setMaximum(maxDays);
      m_slDay.repaint();
    }

    m_calendar.set(
      m_slYear.getValue(), m_slMonth.getValue()-1,
      m_slDay.getValue());
    Date date = m_calendar.getTime();
    m_lbDate.setText(m_dateFormat.format(date));
  }

  class DateListener implements ChangeListener
  {
    public void stateChanged(ChangeEvent e) {
      showDate();
    }
  }

  public static void main(String argv[]) {
    new DateSlider();
  }
}

Understanding the Code

Class DateSlider

DateSlider extends JFrame and declares seven instance variables and one class constant. Class constant:

Dimension RIGID_DIMENSION: used to create rigid areas above and below each slider.

Instancevariables:

JLabel m_lbDate: label to display the selected date.

JSlider m_slYear: slider to select year.

JSlider m_slMonth:slider to select month.

JSlider m_slDay:slider to select day.

Hashtable m_labels:collection of labels to denote months by short names rather than numbers.

GregorianCalendar m_calendar:calendar to perform date manipulations.

SimpleDateFormat m_dateFormat:object to format the date as a string.

The DateSlider constructor initializes the m_calendar instance defined above, and date format
m_dateFormat.A JPanel with a GridLayout ofonecolumnandfourrowsisusedasabasepanel,p1.
JLabel m_lbDate using a large font is created, embedded in a JPanel with a simpleTitledBorder, and 
placed in the first row.
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Them_slYear slideriscreatedandplacedinthesecondrow.Thisisusedtoselecttheyearfrom theinterval
1990 to 2010.Note thatittakesitsinitialvalue from the currentdate.A numberofsettingsare applied to
m_slYear.The paintLabels and paintTicks properties are setto true to allow drawing ticks and
labels,majorTickSpacing issetto 5 to draw majorsticksforeveryfifth value,andminorTickSpacing
issetto1todraw minorticksforeveryvalue.Finallyanew DateListener instance(seebelow)isaddedas
a ChangeListener to monitor changes to this slider’s properties.Note thatm_slYear is placed in a
JPanel surrounded byaTitledBorder.Two rigid areasareadded to ensureverticalspacing between our
slider and this parent panel  (see chapter 4 for more about Box and its invisibleFiller components).

Them_slMonth slideriscreated and placed in thethird row.Thissliderisused to selectthemonth from the
interval1to12.Thiscomponentisconstructedsimilartom_slYear,butreceivesaHashtable ofJLabels
to denote months by shortnames rather than numbers.These names are taken from an instance of the
DateFormatSymbols class(seeAPIdocs)andusedtocreatepairsinalocalm_labels Hashtable inthe
form:Integer representing slidervalue (from 1 to 12)askey,and JLabel with the propertextasvalue.
Finally, the setLabelTable() method is invoked to assign these custom labels to the slider.

Them_slDay slideriscreated and placed in thefourth row.Itisusedto selecttheday ofthemonth from an
intervalwhich dynamically changesdepending on thecurrentmonth and,forFebruary,the year.Aside from
this difference, m_slDay is constructed very similar tom_slYear.

Becauseaslider’stick annotation componentsmay overlap each otherand becomeunreadableifnotenough
spaceprovided,itisuptoustoaccountforthispossibility.Thisbecomesamoresignificantproblem when(as
in this example)slidercomponents can resized by simply resizing the parentframe.To work around this
problem wecansimplyenforceacertain framesize,however,thismaynotbedesirablein allsituations.Ifwe
areeverin such asituation weneed to changeourslider’spropertiesdynamically depending on itssize.For
thisreasontheprocessComponentEvent() method isoverridden to processresizing eventsthatoccuron
the parent frame. Processing of these events is enabled in the DateSlider constructor with the
enableEvents() method.

The processComponentEvent() method only responds to ComponentEvents with ID
COMPONENT_RESIZED.ForeachofourthreeslidersthismethodchangesthemajorTickSpacing property
based on the container's width. m_slDay and m_slYear receive a spacing of 5 if the width if greater than200,
and 10 otherwise.m_slMonth receives a majorTickSpacing of1 ifthe conatiner’s width is anywhere
from 200 to 300,and 2 otherwise.Ifthiswidth isgreaterthan 300 ourcustom setoflabelsisused to annotate
m_slMonth’smajor ticks.Thedefaultnumericallabelsareusedotherwise.Foreachslider,ifthewidthisless
than 100 the paintLabels property is set to false, which disables all annotations. Otherwise
paintLabels is set to true.

Ourcustom showDate() method isused to retrievevaluesfrom ourslidersand displaythem in m_lbDate
asthenew selected date.Firstwedeterminethemaximum numberofdaysfortheselected month by passing
m_calendar a year,a month,and 1 as the day.Then,if necessary,we resetm_slDay‘s currentand
maximum values.Finally,we pass m_calendar a year,month,and the selected (possibly adjusted)day,
retrieve a Date instance corresponding to these values, and invoke format() to retrieve a textual
representation of the date.

Note:Java2doesnotreallyprovideadirectwaytoconverta year,month,anddaytripletintoaDate instance(this
functionality has been deprecated).W e need to use Calendar.set() and Calendar.getTime() for
this.Beawarethatthedayparameterisnotcheckedagainstthemaximum valuefortheselected month.Setting
the day to 30 when the month is set to Februarywill be silently treated as M arch, 2.
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Class DateSlider.DateListener

The DateListener inner class implements the ChangeListener interface and is used to listen for
changes in each of our sliders’ properties.Its stateChanged() method simply calls the showDate()
method described above.

Running the Code

Note how the date is selected and displayed, and the range of the “Day” sliderisadjustedwhenanew monthis
selected.Figure 13.3 shows selection of February 29th 2000, demonstrating that this is a leap year.

Note:A leapyearisayearevenlydivisiblebyfour,butnotevenlydivisibleby100.Thefirstruletakesprecedence,
soyears evenly divisible by 400 are leap years (2000 is a leap year,while 1900 is not).

Now try resizing the application frame to see how the slider annotations and ticks change to theirmore
compactvariants as the available space shrinks. Figure 13.4 illustrates.

UI Guideline : 

Exact value selection

Although Sliders are bestused forselection when an exactvalue is notneeded,this example gets around itby
providing an adequate gap between ticks, making an exact choice easy to achieve.

The use ofa SliderforYearisan unusualchoice,asYearisnotnormally a bounded input.However,in certain
domains it may be a more suitablechoice.Youmayforexampleknow thelimitsofavailableyearse.g.yearson
which an Olympicgameswasheld.Thetick valuewould be4 and thebound would befrom thefirstgamesin
1896 to thenextin 2000.OnceYearand M onth havebeen displayed using Slidersitisvisually attractiveand
consistentto use a Slider for Day.There may be some debate aboutdoing so as the bound willchange
depending on the month selected.However,itisfairto argue thatthe changing bound on Day,asM onth is
selectedgivesaclear,instant,visualfeedbackofhow manydaysareinthemonth,whichmeetswiththecriteria
of providing instant feedback when using a Slider.

13.4 JSliders in a JPEG image editor
Java 2 ships with a special package,com.sun.image.codec.jpeg, providing a set of classes and
interfacesforworkingwithJPEG images(createdatleastinpartbyEastmanKodakCompany).Althoughthis
packageisnotapartofSwing,itcan bevery usefulin Swing-based applications.By reducing imagequality
(which isactually a resultofcompression),required storage space can be decreased.Using reduced quality
JPEGs in web pages increases response time (by decreasing download time),and our editor application
developedhereallowsustoloadanexistingJPEG,modifyitsquality,andthen savetheresult.JSlidersare
used for the main editing components.

Note:JPEG standsforJointPhotographicExpertsGroup.Itisapopulargraphicalformatallowing compression of
images up to 10 or 20 times.

Before deciding to use functionality in this package,you should know that,even though this package is
shipped with Java2,“...theclassesin thecom.sun.image.codec.jpeg packagearenotpartofthecore
Java APIs.They are a partofSun's JDK and JRE distributions.Although otherlicensees may choose to
distribute these classes,developers cannotdepend on their availability in non-Sun implementations. W e
expect that equivalent functionality will eventually be available in a core API or standard extension.”
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13.4.1 The JPEGDecodeParam interface com.sun.image.codec.jpeg

abstract interface com.sun.image.codec.jpeg.JPEGDecodeParam

Thisinterfaceencapsulatesparametersused to controlthedecoding ofaJPEG image.Itprovidesarich setof
getXX() and isXX() accessor methods.Instances contain information abouthow to decode a JPEG
inpoutstream,and arecreated automatically byJPEGImageDecoder (seebelow)ifnoneisspecified when
an image isdecoded.A JPEGImageDecoder’sassociated JPEGDecoderParam can be obtained with its
getJPEGDecodeParam() method.

13.4.2 The JPEGEncodeParam interface

abstract interface com.sun.image.codec.jpeg.JPEGEncodeParam

ThisinterfaceencapsulatesparametersusedtocontroltheencodingofaJPEG imagestream.Itprovidesarich
setofgetXX() and setXX() accessormethods.Instancescontain information abouthow to encodeaJPEG
to an output stream, and a default instance will be created atomatically byJPEGImageEncoder (see below) if 
noneisspecified when an imageisencoded.A JPEGImageEncoder’sassociated JPEGEncodeParam can
be obtained with its getJPEGEncodeParam() method, or one of its overriden
getDefaultJPEGEncodeParam() methods.

Particularly relevant to this example are JPEGEncodeParam’s xDensity, yDensity, and quality
properties,which allcan beassigned using typicalsetXX() methods.xDensity and yDensity represent
horizontaland verticalpixeldensity,which dependsonJPEGEncoderParam’scurrentpixeldensity setting.
Thepixeldensitysetting iscontrolled withJPEGEncodeParam’ssetDensityUnit() method and can be,
for instance, DENSITY_UNIT_DOTS_INCH, whichmeanspixeldensitywillbeinterpretedaspixelsperinch.
The quality property isspecified asa floatwithin the range 0.0 to1.0,where 1.0 meansperfectquality.In
general: 0.75 means high quality, 0.5 meansmedium quality, and 0.25 means low quality.

13.4.3 The JPEGImageDecoder interface

abstract interface com.sun.image.codec.jpeg.JPEGImageDecoder

This interface describes an objectused to decode a JPEG data stream into an image.W e invoke method
decodeAsBufferedImage() to perform the actual decoding into a BufferedImage instance, or
decodeAsRaster() to perform decoding into a Raster instance. An instance ofthis interface can be
obtained with one ofthe JPEGCodec.createJPEGDecoder() methods,which takesthe delivering data
InputStream as parameter. JPEGImageDecoder performs decoding according to its associated
JPEGDecodeParam, and a default instance will br provided for is we do not specify one.

13.4.4 The JPEGImageEncoder interface

abstract interface com.sun.image.codec.jpeg.JPEGImageEncoder

This interface describes an object used to encodeanimageintoaJPEG datastream.W einvoketheoverloaded
encode() method to perform theactualencoding.Instancesofthisinterfacecan beobtained with oneofthe
JPEGCodec.createJPEGEncoder() methods, which takes an OutputStream to output data to as
parameter.JPEGImageEncoder performsencoding according to itsassociatedJPEGImageEncoder,and a
default instance will br provided for is we do not specify one.
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13.4.5 JPEGCodec

class com.sun.image.codec.jpeg.JPEGCodec

Thisclass contains a collection ofstatic methods used to create JPEG encoders and decoders.Particularly
usefulare theoverloaded createJPEGDecoder() and createJPEGEncoder() methodswhich take an
InputStream andOutputStream,respectively,asparameter(alongwithanoptionalJPEGDecodeParam
orJPEGEncodeParam instance).

Figure 13.6 JPEGEditor show ing a high-quality im age of Earth (using JSliders w ith “isFilled client property).

<<file figure13-6.gif>>



20

Figure 13.7 JPEGEditor show ing a reduced quality im age of Earth.

<<file figure13-7.gif>>

The Code: JPEGEditor.java
see\Chapter13\4

import java.awt.*;
import java.awt.event.*;
import java.awt.image.*;
import java.util.*;
import java.io.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.filechooser.*;

import com.sun.image.codec.jpeg.*;

public class JPEGEditor extends JFrame 
{
  public final static Dimension VERTICAL_RIGID_SIZE
    = new Dimension(1,3);
  public final static Dimension HORIZONTAL_RIGID_SIZE
    = new Dimension(3,1);

  protected File m_currentDir = new File(".");
  protected File m_currentFile = null;

  protected JFileChooser m_chooser;
  protected JPEGPanel m_panel;
  protected JSlider m_slHorzDensity;
  protected JSlider m_slVertDensity;
  protected JSlider m_slQuality;
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  protected BufferedImage m_bi1, m_bi2;

  public JPEGEditor() {
    super("JPEG Editor");
    setSize(600, 400);

    m_chooser = new JFileChooser(); 
    SimpleFilter filter = new SimpleFilter("jpg", 
      "JPEG Image Files");
    m_chooser.setFileFilter(filter);
    m_chooser.setCurrentDirectory(m_currentDir);

    m_panel = new JPEGPanel();
    JScrollPane ps = new JScrollPane(m_panel,
      JScrollPane.VERTICAL_SCROLLBAR_ALWAYS,
      JScrollPane.HORIZONTAL_SCROLLBAR_ALWAYS);
    getContentPane().add(ps, BorderLayout.CENTER);

    JPanel p, p1;

    m_slVertDensity = new JSlider(JSlider.VERTICAL,
      100, 500, 300);
    m_slVertDensity.setExtent(50);
    m_slVertDensity.setPaintLabels(true);
    m_slVertDensity.setMajorTickSpacing(100);
    m_slVertDensity.setMinorTickSpacing(50);
    m_slVertDensity.setPaintTicks(true);
    m_slVertDensity.putClientProperty(
      "JSlider.isFilled", Boolean.TRUE);

    p = new JPanel();
    p.setBorder(new TitledBorder(new EtchedBorder(), 
      "Vert. dens."));
    p.add(Box.createRigidArea(HORIZONTAL_RIGID_SIZE));
    p.add(m_slVertDensity);
    p.add(Box.createRigidArea(HORIZONTAL_RIGID_SIZE));
    getContentPane().add(p, BorderLayout.EAST);

    m_slHorzDensity = new JSlider(JSlider.HORIZONTAL, 
      100, 500, 300);
    m_slHorzDensity.setExtent(50);
    m_slHorzDensity.setPaintLabels(true);
    m_slHorzDensity.setMajorTickSpacing(100);
    m_slHorzDensity.setMinorTickSpacing(50);
    m_slHorzDensity.setPaintTicks(true);
    m_slHorzDensity.putClientProperty(
      "JSlider.isFilled", Boolean.TRUE);

    p = new JPanel();
    p.setBorder(new TitledBorder(new EtchedBorder(), 
      "Horizontal density"));
    p.setLayout(new BoxLayout(p, BoxLayout.Y_AXIS));
    p.add(Box.createRigidArea(VERTICAL_RIGID_SIZE));
    p.add(m_slHorzDensity);
    p.add(Box.createRigidArea(VERTICAL_RIGID_SIZE));
    p1 = new JPanel();
    p.setLayout(new BoxLayout(p, BoxLayout.X_AXIS));
    p1.add(p);

    m_slQuality = new JSlider(JSlider.HORIZONTAL, 
      0, 100, 100);
    Hashtable labels = new Hashtable(6);
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    for (float q = 0; q <= 1.0; q += 0.2)
 labels.put(new Integer((int)(q*100)), 

      new JLabel("" + q, JLabel.CENTER ));
    m_slQuality.setLabelTable(labels);
    m_slQuality.setExtent(10);
    m_slQuality.setPaintLabels(true);
    m_slQuality.setMinorTickSpacing(10);
    m_slQuality.setPaintTicks(true);
    m_slQuality.putClientProperty(
      "JSlider.isFilled", Boolean.TRUE);

    p = new JPanel();
    p.setBorder(new TitledBorder(new EtchedBorder(), 
      "Quality"));
    p.setLayout(new BoxLayout(p, BoxLayout.Y_AXIS));
    p.add(Box.createRigidArea(VERTICAL_RIGID_SIZE));
    p.add(m_slQuality);
    p.add(Box.createRigidArea(VERTICAL_RIGID_SIZE));
    p1.add(p);

    JButton btApply = new JButton("Apply");
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        apply();
      }
    };
    btApply.addActionListener(lst);
    p1.add(btApply);

    JButton btReset = new JButton("Reset");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        reset();

    }
    };
    btReset.addActionListener(lst);
    p1.add(btReset);
    getContentPane().add(p1, BorderLayout.SOUTH);

    setJMenuBar(createMenuBar());

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  protected JMenuBar createMenuBar() {
    JMenuBar menuBar = new JMenuBar();

    JMenu mFile = new JMenu("File");
    mFile.setMnemonic('f');

    JMenuItem mItem = new JMenuItem("Open...");
    mItem.setMnemonic('o');
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        if (m_chooser.showOpenDialog(JPEGEditor.this) != 
          JFileChooser.APPROVE_OPTION)
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            return;
        m_currentDir = m_chooser.getCurrentDirectory();
        File fChoosen = m_chooser.getSelectedFile();
        openFile(fChoosen);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

  mItem = new JMenuItem("Save");
    mItem.setMnemonic('s');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        saveFile(m_currentFile);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

mItem = new JMenuItem("Save As...");
    mItem.setMnemonic('a');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        m_chooser.setSelectedFile(m_currentFile);
        if (m_chooser.showSaveDialog(JPEGEditor.this) !=
          JFileChooser.APPROVE_OPTION)
        return;
        m_currentDir = m_chooser.getCurrentDirectory();
        File fChoosen = m_chooser.getSelectedFile();
        if (fChoosen!=null && fChoosen.exists()) {
          String message = "File " + fChoosen.getName()+
            " already exists. Override?";
          int result = JOptionPane.showConfirmDialog(
            JPEGEditor.this, message, getTitle(), 
            JOptionPane.YES_NO_OPTION);
          if (result != JOptionPane.YES_OPTION)

          return;
        }
        setCurrentFile(fChoosen);
        saveFile(fChoosen);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

    mFile.addSeparator();

    mItem = new JMenuItem("Exit");
    mItem.setMnemonic('x');

lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        System.exit(0);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);
    menuBar.add(mFile);
    return menuBar;
  }

  protected void setCurrentFile(File file) {
    if (file != null) {
      m_currentFile = file;
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      setTitle("JPEG Editor ["+file.getName()+"]");
    }
  }

  protected void openFile(final File file) {
    if (file == null || !file.exists())
      return;
    setCurrentFile(file);

   setCursor(Cursor.getPredefinedCursor(Cursor.WAIT_CURSOR));
    Thread runner = new Thread() {
      public void run() {
        try {
          FileInputStream in = new FileInputStream(file);
          JPEGImageDecoder decoder = 
            JPEGCodec.createJPEGDecoder(in);
          m_bi1 = decoder.decodeAsBufferedImage();
          m_bi2 = null;
          in.close();
          SwingUtilities.invokeLater( new Runnable() {
            public void run() { reset(); }
          });
        } 
        catch (Exception ex) {
          ex.printStackTrace();
          System.err.println("openFile: "+ex.toString());
        }
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
      }
    };
    runner.start();
  }

  protected void saveFile(final File file) {
    if (file == null || m_panel.getBufferedImage() == null)
      return;

    setCursor(Cursor.getPredefinedCursor(Cursor.WAIT_CURSOR));
    Thread runner = new Thread() {
      public void run() {
        try {
          FileOutputStream out = new FileOutputStream(file);
          JPEGImageEncoder encoder = 
            JPEGCodec.createJPEGEncoder(out);
          encoder.encode(m_panel.getBufferedImage());
          out.close();
        } 
        catch (Exception ex) {

  ex.printStackTrace();
          System.err.println("apply: "+ex.toString());
        }
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
      }
    };
    runner.start();
  }

  protected void apply() {
    if (m_bi1 == null)
      return;
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    setCursor(Cursor.getPredefinedCursor(Cursor.WAIT_CURSOR));
    Thread runner = new Thread() {
      public void run() {
        try {
          ByteArrayOutputStream out = new ByteArrayOutputStream();
          JPEGImageEncoder encoder = 
            JPEGCodec.createJPEGEncoder(out);
          JPEGEncodeParam param = 
            encoder.getDefaultJPEGEncodeParam(m_bi1);

          float quality = m_slQuality.getValue()/100.0f;
          param.setQuality(quality, false);

          param.setDensityUnit(
            JPEGEncodeParam.DENSITY_UNIT_DOTS_INCH);
          int xDensity = m_slHorzDensity.getValue();
          param.setXDensity(xDensity); 
          int yDensity = m_slVertDensity.getValue();

 param.setYDensity(yDensity);

          encoder.setJPEGEncodeParam(param);
          encoder.encode(m_bi1);

          ByteArrayInputStream in = new ByteArrayInputStream(
            out.toByteArray());
          JPEGImageDecoder decoder = 
            JPEGCodec.createJPEGDecoder(in);
          final BufferedImage bi2 = decoder.decodeAsBufferedImage();
          SwingUtilities.invokeLater( new Runnable() {
            public void run() { 
              m_panel.setBufferedImage(bi2); 
            }

  });
        } 
        catch (Exception ex) {
          ex.printStackTrace();
          System.err.println("apply: "+ex.toString());
        }
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
      }
    };
    runner.start();
  }

  protected void reset() {
    if (m_bi1 != null) {
      m_panel.setBufferedImage(m_bi1);
      m_slQuality.setValue(100);
      m_slHorzDensity.setValue(300);
      m_slVertDensity.setValue(300);
    }
  }

  public static void main(String argv[]) {
    new JPEGEditor();
  }
}

class JPEGPanel extends JPanel
{
  protected BufferedImage m_bi = null;
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  public JPEGPanel() {}

  public void setBufferedImage(BufferedImage bi) {
    if (bi == null)
      return;
    m_bi = bi;
    Dimension d = new Dimension(m_bi.getWidth(this), 
      m_bi.getHeight(this));
    setPreferredSize(d);
    revalidate();
    repaint();
  }

  public void paintComponent(Graphics g) {
    super.paintComponent(g);
    Dimension d = getSize();
    g.setColor(getBackground());
    g.fillRect(0, 0, d.width, d.height);
    if (m_bi != null)
      g.drawImage(m_bi, 0, 0, this);
  }

  public BufferedImage getBufferedImage() {
    return m_bi;
  }
}

//class SimpleFilter taken from chapter 14

Understanding the Code

Class JPEGEditor

Classvariables:

Dimension VERTICAL_RIGID_SIZE:size of rigid area used for vertical spacing.

Dimension HORIZONTAL_RIGID_SIZE: size of rigid area used for horizontal spacing.

Instancevariables:

File m_currentDir: current directory navigated to by our JFileChooser.

File m_currentFile: JPEG image file currently in our editing environment.

JFileChooser m_chooser: file chooser used for loading and saving JPEGs.

JPEGPanel m_panel: custom component used to display JPEGs.

JSlider m_slHorzDensity: slider to choose horizontal pixel density.

JSlider m_slVertDensity: slider to choose vertical pixel density.

JSlider m_slQuality: slider to choose image quality.

BufferedImage m_bi1: original image.

BufferedImage m_bi2:modified image.

JPEGEditor‘sconstructorstartsby instantiating ourJFileChooser and applying aSimpleFilter (see
chapter14)file filterto it,in orderto restrictfile selection to JPEG images(fileswith a“.jpg” extension).
creates and initializes the GUIcomponents forthis example.Custom panelm_panel is used to display a
JPEG image (see the JPEGPanel class below). It is added to a JScrollPane to provide scrolling
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capabilities.Three slidersare used to selectJPEGEncodeParam propertiesasdescribed above:xDensity,
yDensity,and quality.Each issurrounded by aTitledBorder with an appropriatetitle.Similarto the
previousexample,RigidAreas are used to ensure properspacing between the sliderand the border.Note
thateach slidermakesuseoftheM etalL&F clientproperty“JSlider.isFilled” with valueBoolean.TRUE to
force the lower portion of each slider track to be filled.

Notethatthem_slQuality slidermustrepresentvaluesfrom 0 to 1.0.W escalethisintervalto [0,100],but
display annotation labels 0.0, 0.2, 0.4,…,1.0 storedinHashtable labels.Theselectedimagequalityvalue
isthe slider'svalue divided by 100.Also note the usage ofsetExtent() foreach sliderin thisexample.
Recallthatthevalueoftheextent propertyisused when thesliderhasfocusand theuserpressesthePgUp
orPgDn key to increment or decrement the slider'svalue respectively.

An "Apply"button iscreated and assigned anActionListener to retrievecurrentslidersettingsand apply
them to current JPEG image by calling our custom apply() method(becauseofthelargeamountofworkthe
apply method performs,itdoesnotmakesenseto do thison-the-fly by listening forsliderchangeevents).A
"Reset"button revertsany changesand returnsthe image to itsoriginalstate by calling ourcustom reset()
method.Finally a JMenuBar is created with our createMenuBar() method.

ThecreateMenuBar() method createsand returnsaJMenuBar containing onemenu titled “File,” which,
in turn,containsfourmenu items:“Open...,” “Save,” “Save As...,” and “Exit.” Each item receivesitsown
ActionListener.

The “Open...” menu item invokesourJFileChooser forselecting a JPEG image file.Aftera successful
selection the currentdirectory is stored in ourm_currentDir variable for future use,and our custom
openFile() method isinvoked to load theimageinto ourenvironment.The“Save” menu item invokesour
custom saveFile() method to save the image currently in ourenvironment.The“Save As…” menu item
instructsJFileChooser toprompttheuserforanew name,and possiblylocation,to savethecurrentimage
file to. This code is fairly similar to thecodeforthe“Open...” menu,exceptthatshowSaveDialog() isused
instead ofshowOpenDialog().Ifthe selected file already exists,a requestforconfirmation is invoked
uwing JOptionPane.showConfirmDialog() (interestingly, this is not a standard feature of
JFileChooser--see chapter 14 for more about JOptionPane and JFileChooser). Finally our
saveFile() method isinvoked to save the currentimage asthe selected file.The “Exit” menu item calls
System.exit(0) to quit this application.

The setCurrentFile() method stores a reference to the newly opened file in m_currentFile.This
method also modifies the frame's title to display file name.Itis called wheneverthe“Open…” and “Save
As…” menu items are invoked.

TheopenFile() methodopensagivenFile correspondingtoastoredJPEG image.Firstitcheckswhether
ornotthe selected file exists.Ifso,a new thread iscreated to execute allremaining code in thismethod to
avoid clogging up the event-dispatching thread. A FileInputStream is opened and a
JPEGImageDecoder iscreated forthegiven file.Then acalltodecodeAsBufferedImage() retrievesa
BufferedImage from the JPEGImageDecoder and stores itin ourm_bi1 variable.The file stream is
closed and our image is passed to JPEGPanel by calling the reset() method(seebelow).Notethatbecause
ourresetmethoddirectlymodifiesthestateofSwing components,weplacethiscallin aRunnable and send
itto the event-dispatching queue with SwingUtilities.invokeLater() (see chapter2 formore about
invokeLater()).

The saveFile() method saves the current image into the given File. In a separate thread, a
FileOutputStream isopened and aJPEGImageEncoder iscreated corresponding to thisFile.Then a
call to the JPEGImageEncoder’s encode() method saves the current image (retrieved by our
JPEGPanel’sgetBufferedImage() method) to the opened stream.
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Theapply() methodappliesthecurrentslidersettingstothecurrentimage.In aseparatethread,thismethod
createsaByteArrayOutputStream to stream theoperationsin memory.Then aJPEGImageEncoder is
created forthisstream,and aJPEGEncodeParam isretrieved corresponding to the originalimage,m_bi1
(which is assigned in openFile()).Three property values are retrieved from our sliders and sentto a
JPEGEncodeParam objectviasetXX() methods:quality,xDensity and yDensity (notethatquality
isconverted to afloat through division by 100.0f).Then thisJPEGEncodeParam objectisassigned to
ourJPEGImageEncoder,and theencode() method isused to perform theactualencoding ofthem_bi1
image.Nextanew imageisretrieved from thisencoderbyfirstretrieving aByteArrayInputStream from
ourByteArrayOutputStream using itstoByteArray() method.A JPEGImageDecoder iscreated for
this stream, and the decodeAsBufferedImage() method retrieves a BufferedImage instance. Finally, in 
a Runnable sentto SwingUtilities.invokeLater(),thisimage isassigned to ourimage panelfor
display withJPEGPanel’ssetBufferedImage() method.

Thereset() method, as youmight guess from its name, resets the current image to its originalstate(thestate
it was in when opened) and resets the slider values.

Class JPEGPanel

JPEGPanel extends JPanel and provides a placeholderforJPEG images.Itdeclares a single instance
variable:

BufferedImage m_bi: holds the current JPEG.

M ethod setBufferedImage() assignsthegiven imagetom_bi,and changesthispanel'spreferred sizeto
the size of that image. The panel is then revalidated and repainted to display the new image properly.

Note:W elearnedinchapter2thatwhenarevalidate() requestisinvokedonacomponent,allancestorsbelow
thefirstancestorwhosevalidateRoot propertyistrue getvalidated.JRootPane,JScrollPane,and
JTextField are the only Swing components with a true validateRoot property by default.Thus,
callingrevalidate() onourJPEGPanel willresultinvalidationoftheJScrollPane itiscontained in
within ourJPEGEditor application. Thisresultsin properlayoutand display ofJPEGPanel which would
not occur by simply calling repaint().

The paintComponent() method clears the background and draws the current image (if any). The
getBufferedImage() method simply returns the most recent image associated with this panel.

Running the Code

Figure13.5 showsJPEGEditor displaying ahigh-qualityimageofEarth.Applying ourslidersto reducethe
quality,andclickingthe“Apply” button,weproducetheimageshowninFigure13.6.Bysavingthisimageas
a new file,we obtain a representation occupying much lessdisk space than the original.A balance between
quality and size is a decision that often needs to be made when space or latency issues are important.

UI Guideline : Com ponent Selection

This example provides some tricky problems forthe designer.The nature ofthe calculation means thatinstant
feedbackisnotpossible.However,theUserneedstoseewhattheresultofachoicewouldmean.Thishasbeen
solved by the introduction ofthe "Apply"button.Thisisjustifiable in a case such asthisdue to the complex
and time consuming nature of the effect of the selection. It is not otherwise recommended.

Theintroduction oftheshaded areaon theSlidersgivesaclearindication thatan amountorquantity ratherthan an
exact,discretevalueisbeing selected and the amountisa percentage ofthe bounded whole.Thisaddsto the
visual affordance of the component and aids the viewer in understanding what is happening.
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13.5 JProgressBar in an FTP client application
The following example usesJProgressBar to display progressin downloading and uploading filesusing
FileTransferProtocol(FTP).The supportforthisprotocolisprovided in thesun.net and sun.net.ftp
packages.

13.5.1 FtpClient

class sun.net.ftp.FtpClient

This class provides functionality for an FTP client. M ethods particularly relevant to this example include:

FTPClient(String host): constructor to create a new instance and connect to the given host address.

login(String user, String password): login to an FTP host with given username and password.

cd(String directory): change directory.

binary(): set mode to binary for proper file transfering.

closeSever(): disconnect from host.

list(): returns an InputStream supplying the printout of the ls -l command (list contents of
directories, oner per line).

get(String filename): returns an InputStream for retrieving the specified file from the host.

put(String filename): returns an OutputStream for writing the specified file to the host.

Note:This application’s GUI is layed outusing our custom DialogLayout2 layoutmanager,developed in
chapter 4. Refer back to this chapter for more information about how this managerworks.

Figure 13.8 FTP Client application w ith JProgressBar to show  upload/dow nload status.

<<file figure13-8.gif>>
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The Code: FTPApp.java
see\Chapter13\5

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.net.*;
import java.lang.reflect.*;

import sun.net.ftp.*;
import sun.net.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

import dl.*;

public class FTPApp extends JFrame 
{
  public static int BUFFER_SIZE = 10240;

  protected JTextField m_txtUser;
  protected JPasswordField m_txtPassword;
 protected JTextField m_txtURL;

  protected JTextField m_txtFile;
  protected JTextArea  m_monitor;
  protected JProgressBar m_progress;
  protected JButton m_btPut;
  protected JButton m_btGet;
  protected JButton m_btFile;
  protected JButton m_btClose;
  protected JFileChooser m_chooser;

  protected FtpClient m_client;
  protected String m_sLocalFile;
  protected String m_sHostFile;

  public FTPApp() {
    super("FTP Client");

    JPanel p = new JPanel();
    p.setLayout(new DialogLayout2(10, 5));
    p.setBorder(new EmptyBorder(5, 5, 5, 5));

    p.add(new JLabel("User name:"));
    m_txtUser = new JTextField("anonymous");
    p.add(m_txtUser);

    p.add(new JLabel("Password:"));
    m_txtPassword = new JPasswordField();
    p.add(m_txtPassword);

    p.add(new JLabel("URL:"));
    m_txtURL = new JTextField();
    p.add(m_txtURL);

    p.add(new JLabel("File:"));
    m_txtFile = new JTextField();
    p.add(m_txtFile);
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    p.add(new DialogSeparator("Connection Monitor"));

    m_monitor = new JTextArea(5, 20);
    m_monitor.setEditable(false);
    JScrollPane ps = new JScrollPane(m_monitor);
    p.add(ps);

    m_progress = new JProgressBar();
    m_progress.setStringPainted(true);
    m_progress.setBorder(new BevelBorder(BevelBorder.LOWERED,
     Color.white, Color.gray));

    m_progress.setMinimum(0);
    JPanel p1 = new JPanel(new BorderLayout());
    p1.add(m_progress, BorderLayout.CENTER);
    p.add(p1);

    p.add(new DialogSeparator());
    m_btPut = new JButton("Put");
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        if (connect()) {
          Thread uploader = new Thread() {
            public void run() {
              putFile();
              disconnect();
            }

    };
          uploader.start();
        }
      }
    };
    m_btPut.addActionListener(lst);
    m_btPut.setMnemonic('p');
    p.add(m_btPut);

    m_btGet = new JButton("Get");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        if (connect()) {
          Thread downloader = new Thread() { 
            public void run() {
              getFile();
              disconnect();
            }
          };
          downloader.start();
        }
      }
    };
    m_btGet.addActionListener(lst);
    m_btGet.setMnemonic('g');
    p.add(m_btGet);

    m_btFile = new JButton("File");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        if (m_chooser.showSaveDialog(FTPApp.this) != 

        JFileChooser.APPROVE_OPTION)
            return;
        File f = m_chooser.getSelectedFile();
        m_txtFile.setText(f.getPath());
      }
    };
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    m_btFile.addActionListener(lst);
    m_btFile.setMnemonic('f');
    p.add(m_btFile);

    m_btClose = new JButton("Close");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        if (m_client != null)
          disconnect();
        else
          System.exit(0);
      }
    };
    m_btClose.addActionListener(lst);
    m_btClose.setDefaultCapable(true);
    m_btClose.setMnemonic('g');
    p.add(m_btClose);

    getContentPane().add(p, BorderLayout.CENTER);

    m_chooser = new JFileChooser();
    m_chooser.setCurrentDirectory(new File("."));
    m_chooser.setApproveButtonToolTipText(
      "Select file for upload/download");

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        disconnect();
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setSize(340,340);
    setResizable(false);
    setVisible(true);
  }

  public void setButtonStates(boolean state) {
    m_btPut.setEnabled(state);
    m_btGet.setEnabled(state);
    m_btFile.setEnabled(state);
  }

  protected boolean connect() {
    m_monitor.setText("");
    setButtonStates(false);
    m_btClose.setText("Cancel");
    setCursor(Cursor.getPredefinedCursor(
      Cursor.WAIT_CURSOR));

    String user = m_txtUser.getText();
    if (user.length()==0) {
      message("Please enter user name");
      setButtonStates(true);
      return false;
    }
    String password = new String(m_txtPassword.getPassword());
    String sUrl = m_txtURL.getText();
    if (sUrl.length()==0) {
      message("Please enter URL");
      setButtonStates(true);
      return false;
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    }
    m_sLocalFile = m_txtFile.getText();

    // Parse URL
    int index = sUrl.indexOf("//");
    if (index >= 0)
    sUrl = sUrl.substring(index+2);

    index = sUrl.indexOf("/");
    String host = sUrl.substring(0, index);
    sUrl = sUrl.substring(index+1);

    String sDir = "";
    index = sUrl.lastIndexOf("/");
    if (index >= 0) {
      sDir = sUrl.substring(0, index);
      sUrl = sUrl.substring(index+1);
    }
    m_sHostFile = sUrl;

    try {
      message("Connecting to host "+host);
      m_client = new FtpClient(host);
      m_client.login(user, password);
      message("User "+user+" login OK");
      message(m_client.welcomeMsg);
      m_client.cd(sDir);
      message("Directory: "+sDir);
      m_client.binary();
      return true;
    }
    catch (Exception ex) {
      message("Error: "+ex.toString());
      setButtonStates(true);
      return false;
    }
  }

  protected void disconnect() {
    if (m_client != null) {
      try { m_client.closeServer(); }
      catch (IOException ex) {}
      m_client = null;
    }
    Runnable runner = new Runnable() {
      public void run() {
        m_progress.setValue(0);
        setButtonStates(true);
        m_btClose.setText("Close");
        FTPApp.this.setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
      }
    };
    SwingUtilities.invokeLater(runner);
  }

  protected void getFile() {
    if (m_sLocalFile.length()==0) {
      m_sLocalFile = m_sHostFile;

  SwingUtilities.invokeLater( new Runnable() {
        public void run() {
          m_txtFile.setText(m_sLocalFile);
        }
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      });
    }
    byte[] buffer = new byte[BUFFER_SIZE];
    try {
      int size = getFileSize(m_client, m_sHostFile);

if (size > 0) {
        message("File " + m_sHostFile + ": " + size + " bytes");
        setProgressMaximum(size);
      }
      else
        message("File " + m_sHostFile + ": size unknown");
      FileOutputStream out = new 
        FileOutputStream(m_sLocalFile);
      InputStream in = m_client.get(m_sHostFile);
      int counter = 0;
      while(true) {
        int bytes = in.read(buffer);
        if (bytes < 0)
          break;

        out.write(buffer, 0, bytes);
        counter += bytes;
        if (size > 0) {
          setProgressValue(counter);
          int proc = (int) Math.round(m_progress.
            getPercentComplete() * 100);
          setProgressString(proc + " %");
        }
        else {
          int kb = counter/1024;
          setProgressString(kb + " KB");
        }
      }
      out.close();
      in.close();
    }
    catch (Exception ex) {
      message("Error: "+ex.toString());
    }
  }

  protected void putFile() {
    if (m_sLocalFile.length()==0) {
      message("Please enter file name");
    }
    byte[] buffer = new byte[BUFFER_SIZE];
    try {
      File f = new File(m_sLocalFile);
      int size = (int)f.length();
      message("File " + m_sLocalFile + ": " + size + " bytes");
      setProgressMaximum (size);
      FileInputStream in = new 
        FileInputStream(m_sLocalFile);
      OutputStream out = m_client.put(m_sHostFile);

      int counter = 0;
      while(true) {
        int bytes = in.read(buffer);
        if (bytes < 0)
          break;
        out.write(buffer, 0, bytes);
        counter += bytes;
        setProgressValue(counter);
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        int proc = (int) Math.round(m_progress.
          getPercentComplete() * 100);
        setProgressString(proc + " %");
      }

      out.close();
      in.close();
    }

 catch (Exception ex) {
      message("Error: " + ex.toString());
    }
  }

  protected void message(final String str) {
    if (str != null) {
      Runnable runner = new Runnable() { 
        public void run() {
          m_monitor.append(str + '\n');
         m_monitor.repaint();

        }
      };
      SwingUtilities.invokeLater(runner);
    }
  }

  protected void setProgressValue(final int value) {
    Runnable runner = new Runnable() { 
      public void run() {
        m_progress.setValue(value);
      }
    };
    SwingUtilities.invokeLater(runner);
  }

  protected void setProgressMaximum(final int value) {
    Runnable runner = new Runnable() { 
      public void run() {
        m_progress.setMaximum(value);
      }
    };
    SwingUtilities.invokeLater(runner);
  }

  protected void setProgressString(final String string) {
    Runnable runner = new Runnable() { 
      public void run() {
        m_progress.setString(string);
      }
    };
    SwingUtilities.invokeLater(runner);
  }

  public static void main(String argv[]) {
    new FTPApp();
  }

  public static int getFileSize(FtpClient client, String fileName)
   throws IOException {
    TelnetInputStream lst = client.list();
    String str = "";
    fileName = fileName.toLowerCase();
    while(true) {
      int c = lst.read();
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      char ch = (char) c;
      if (c < 0 || ch == '\n') {
        str = str.toLowerCase();
        if (str.indexOf(fileName) >= 0) {
          StringTokenizer tk = new StringTokenizer(str);
          int index = 0;

        while(tk.hasMoreTokens()) {
            String token = tk.nextToken();
            if (index == 4)
              try {
                return Integer.parseInt(token);
              }
              catch (NumberFormatException ex) {

return -1;
              }
            index++;
          }
        }
        str = "";
      }
      if (c <= 0)
        break;
      str += ch;
    }
    return -1;
  }
}

Understanding the Code

Class FTPApp

Classvariable:

int BUFFER_SIZE: the size of the buffer used for input/ouput operations.

Instancevariables:

JTextField m_txtUser: login user name text field.

JPasswordField m_txtPassword: login password field.

JTextField m_txtURL: field for URL of file to be downloaded/uploaded on the remote site.

JTextField m_txtFile: field for file name of the file to be uploaded/downloaded on the local machine.

JTextArea m_monitor: used as a log to displayvarious status messages.

JProgressBar m_progress: used to indicate the progress of an upload/download operation.

JButton m_btPut: used to initiate uploading.

JButton m_btGet: used to initiate downloading.

JButton m_btFile:used to bring up a file chooserdialog to choose a localfile orspecify a file name
and location.

JButton m_btClose: used to close the application.

JFileChooser m_chooser: used to choose a local file or specify a file name and location.

FtpClient m_client: client connection to host which managesI/O operations.

String m_sLocalFile: name of the most recent local file involved in a data transfer.

String m_sHostFile: name of the most recent host file involved in a data transfer.
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TheFTPApp constructorfirstcreatesapanelusing aDialogLayout2 layoutmanager,and instantiatesand
addsourfourtextfieldswith corresponding labels(recallthatourDialogLayout2 managerrequiresthat
label/inputfield parisareadded in thespecificlabel1,field1,label2,field2,etc.,order).Them_monitor text
areaiscreated and placed in aJScrollPane,and separated from thelabel/field panel(byan instance ofour
custom DialogSeparator class titled “Connection M onitor”). The m_progress JProgressBar is
created and placed in aJPanel with aBorderLayout to ensurethatDialogLayout2 allowsitto occupy
themaximum width across the frame, as well as its preferred height).

A plain DialogSeparator isadded below theprogressbar,and ourfourbuttonsarecreated with attached
ActionListeners, and added to theDialogLayout2 panelresulting in ahorizontalrow atthebottom of
the frame.The button titled “Put” attempts to connectto a hostusing ourconnect() method.If itis
successful a new thread is started which calls putFile() to upload a selected file, and then calls
disconnect() toterminatetheconnection to thehost.Similarly,thebutton titled“Get” attemptsto connect
to ahost,and,ifsuccessful,startsathread which callsourgetFile() method to download afile,and then
disconnect(). Thebuttontitled“File” bringsupourJFileChooser dialogtoselectalocalfileorspecify
anew filenameand location.Thebutton titled “Close” invokesdisconnect() to terminateaconnection to
thehostifFTP transferisin progress(i.e.ifm_client instanceisnotnull).Ifatransferisnotin progress
the application is terminated.

The setButtonStates() method takes a boolean parameterand enables/disables the “Put,” “Get,” and
“File” buttons accordingly.

Theconnect() method establishesaconnection to theremotehostand returnstrue in thecaseofsuccess,
orfalse otherwise.Firstthismethod disablesour“Put,” “Get,” and “File” push buttons,and setsthetextof
the lastbutton to “Cancel.” Then this method reads the contentof the textfields to obtain login name,
password,URL,andlocalfilename.TheURL isparsedandsplitintothehostname,remotedirectory,andthe
hostfile name.A new FtpClient instance is created to connectto the remote hostand stored in our
m_client instance variable. Then the login() method is invoked on m_client to logintotheserverusing
the specified username and password.Ifthe login issuccessfulwe change the remote directory and setthe
connection type to binary (which is almostalways required forfile transfers).Ifno exceptions have been
thrown during thisprocess,connect() returnstrue.Otherwiseitshowsan exception in ourm_monitor
text area, re-enables our buttons, and returns false.

Note:Theconnect() methodcodeinvolvingconnectingtoahostandchangingdirectorywouldbebetteroffin a
separate thread,and we suggestthis enhancementfor more professionalimplementations.Allother time-
intensive code in this example is executed in separate threads.

Thedisconnect() method invokescloseServer() on thecurrentm_client FTPClient instanceifit
is in use. It then sets the m_client referencetonull,allowinggarbagecollectionoftheFTPClient object.
Thismethod also clearstheprogressbarcomponent,enablesallpush buttonswhich may havebeen disabled
bytheconnect() method,and restoresthetextofthe“Close” button.Notethatallcomponentupdatesare
wrappedinaRunnable andsenttotheevent-dispatchingqueuewithSwingUtilities.invokeLater().

ThegetFile() method downloadsaprespecified filefrom thecurrenthost.Ifthenameofthedestination
localfileisnotspecified,thenameoftheremote file isused.Thismethod triesto determine the size ofthe
remotefilebycalling ourgetFileSize() helpermethod (seebelow).Ifthatsucceeds,thefilesizeissetas
the maximum value of the progress bar (the minimum value is always 0) with our custom
setProgressMaximum() method.Then aFileOutputStream isopenned to write to the localfile,and
an InputStream isretrieved from theFTPClient to read from theremotefile.A while loop issetup to
perform typicalread/writeoperationsuntilallcontentoftheremotefileiswritten to thelocalfile.During this
process the number of bytes read is accumulated in the counter local variable.If the size of thefileisknown,
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this number is assigned to the progress bar using our custom setProgressValue() method.W e also
calculatethepercentageofdownloading completewith ourcustom getPercentComplete() method,and
display itin the progress bar using our custom setProgressString() method.If the size of file is
unknown (i.e.itislessthan orequalto 0),wecan onlydisplaythenumberofkilobytescurrentlydownloaded
atany given time.To obtain thisvaluewesimply dividethecurrentbytecount,stored in thelocalcounter
variable, by 1024.

TheputFile() method uploadsthecontentofalocal fileto aremotepre-specified URL.Ifthenameofthe
localfileisnotspecified,amessageisprinted,using ourcustom message() method,and wesimply return.
Otherwise, the size of the local file is determined and used as the maximum value of our progressbarusingour
custom setMaximum() method(theminimum valueisalways0).A FileInputStream isopenned to read
from the localfile,and an OutputStream isretrieved from theFTPClient to write to the remote file.A
whileloop issetup to perform typicalread/writeoperationsuntilallcontentofthelocalfileiswritten to the
remotehost.During thisprocessthe numberofbyteswritten isaccumulated in thecounter localvariable.
Thisnumberisassigned to theprogressbarusing ourcustom setProgressValue()method.Asin thegetFile()
method, we also calculate the percentage of downloading complete with our custom
getPercentComplete() method, and display it in the progress bar using our custom
setProgressString() method.SincewecanalwaysdeterminethesizeofalocalFile object,thereisno
need to display the progress in terms of kilobytes (as we did in getFile() above).

The message() method takes a String parameter to display in our m_monitor text area. The
setProgressValue() and setProgressMaximum() methodsassign selected and maximum valuesto
ourprogressbarrespectively.Sinceeach ofthesemethodsmodifesthestate ofourprogressbarcomponent,
and each iscalled from a custom thread,we wrap theirbodiesin Runnablesand send them to the event-
dispatching queue using SwingUtilities.invokeLater().

Unfortunately theFtpClient classdoesnotprovide a directway to determine the size ofa remote file,as
wellasany otheravailablefilespecifics.Theonly way wecan getany information aboutfileson theremote
hostusing thisclassisto calltheitslist() method which returnsaTelnetInputStream supplying the
printout of the results of an ls -l command. Our getFileSize() method uses this method in an attemptto
obtain the length ofa remote file specified by a given file name and FTPClient instance.This method
captures the printoutfrom the remote server,splits itinto lines separated by '\n'characters,and uses a
StringTokenizer to parsethem into tokens.According to thesyntax of thels -l command output,the
the length of the file in bytes appears as the 5th token, and the lasttokenshouldcontainthefilename.Sowego
characterbycharacterthrougheachlineuntilalinecontainingamatchingfilenameisfound,andthelengthis
returned to the caller.Ifthisdoesnotsucceed we return-1 to indicate thatthe servereitherdoesnotallow
browsing of its content or that an error has occured.

Running the Code

Figure13.8showsFTPApp inaction.Tryrunningthisapplicationandtransferingafew files.Startbyentering
yourusername,password,URL containing thehostFTP sever,and (optionally)alocalfilenameand path to
actasthe source ordestination ofa transfer.Pressthe“Get” button to download a specified remote file,or
pressthe “Put” button to upload a specified localfile to the host.Ifthe required connection is established
successfully,you will see the transfer progress updated incrementally in the progress bar. 

In figure13.8 wespecify “anonymous” asusernameand usean emailaddressaspassword.In ourURL text
fieldwespecifytheremote“tutorial.zip” file(themostrecentJavaTutorial)onthe“java.sun.com ” FTP server
in its “docs” directory.In ourFile textfield we specify “tutorial.zip” as the destination file in the current
runningdirectory.Clickingon“Get” establishesaconnection,changesremotedirectoryto“docs,” determines
thesizeoftheremote“tutorial.zip” file,andstartsretrievingandstoringitasalocalfileinthecurrentrunning
directory.Try performing thistransferand notehow smoothly theprogressbarupdatesitself(itcan’thurtto
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keep a local copy of the Java Tutorial, but be aware that this archive is close to 10 megabytes).

Note:In thenextchapterwewillcustomizeJFileChooser to build aZIP/JAR archivetool.Thiscan beused to
unpackage tutorial.zip if you do not have access to an equivalent tool.

Chapter 14. Dialogs
In this chapter:

• Dialogs and choosers overview

• Adding an “About” dialog

• JOptionPanemessage dialogs

• Customizing JColorChooser

• Customizing JFileChooser

14.1 Dialogs overview
Swing’sJDialog classallowsimplementation ofboth modaland non-modaldialogs.In simplecases,when
weneedtopostashortmessageoraskforasinglevalueinput,wecanusestandardizedpre-builtdialogboxes
provided by theJOptionPane convenienceclass.Additionally,two specialdialog classesprovidepowerful
selection and navigation capabilities for choosing colors and files: JColorChooser and JFileChooser.

UI Guideline : Usage Advice W hen to Use a Dialog

Dialogs are intended for the acquisition of sets of related data. Thismay be the setofattributesforaparticularobject
orgroupofobjects.A Dialogisparticularlyusefulwhenvalidationacrossthoseattributesmustbeperformedbefore
the data can be accepted. The validation code can be executedwhenan “accept” buttonispressedandthedialogwill
only dismisswhen the data is validated as good. 

Dialogsare also usefulforcomplex manipulationsorselections. Forexample a dialog with two lists,"Available
Players"and "Team forSaturday'sGame,"mightallow theselection,addition,and deletion ofitemsto and/orform
each list. W hen the team for the Saturday game is selected, the User can accept the selection by pressing "OK".

Data entry and complex data manipulation which requiresa clearboundary ordefinition ofacceptance,are good
uses for a dialog.

W hen to Use an Option Pane

Option Panesare designed foruse when the system needsto hold a conversation with the User,eitherforsimple
directed data entry such as "Enteryourname and password" orfornavigation choices such as "View","Edit",
"Print".

W hen to Use a Chooser

Choosers have been introduced to facilitate consistency for common selections across a whole operating
environment.Ifyou have a need to selectfilesorcolorsthen you oughtto be using the appropriate chooser.The
Usergetsthe benefitofonly learning one componentwhich appearsagain and again acrossapplications.Using a
Chooserwhen appropriate should improve customer acceptance for your application.
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14.1.1 JDialog

class javax.swing.JDialog

Thisclassextendsjava.awt.Dialog and isused to createanew dialog box in aseparatenativeplatform
window.W etypicallyextendthisclass tocreateourowncustom dialog,asitisacontaineralmostidenticalto
JFrame.

Note:JDialog isa JRootPane containerjustasJFrame,and familiarity with chapter3 isassumed here.All
WindowEvents, default close operations, sizing and positioning, etc., can be controlled identically to
JFrame and wewill not repeat this material.

W ecan createaJDialog by specifying adialog owner (Frame orDialog instances),a dialog title,and a
modal/non-modal state. The following code shows a typical custom dialog class constructor:

  class MyDialog extends JDialog
  {
    public MyDialog(Frame owner) {
      super(owner, "Sample Dialog", true);
      // Perform GUI initialization here
    }
  }

W earenotrequiredtopassavalidparentandarefreetousenull astheparentreference.Aswediscussedin
chapter 2, the SwingUtilities class maintains a non-visible Frame instance registered with the
AppContext servicemapping,which isused astheparentofallnull-parentdialogs.Ifavalid parentisused
the dialog’s icon will be that of the parent frame set with the setIconImage() method.

A modal dialog will not allow other windows to become active (i.e. respond to user input)atthesametimeitis
active.M odaldialogsalsoblocktheinvokingthreadofexecutionanddonotallow ittocontinueuntiltheyare
dismissed. Non-modal dialogs do allow other windows to be active and do not affect the invoking thread. 

To populate a dialog we use the same layouttechniquesdiscussed forJFrame,and we are prohibited from
changing thelayoutoradding componentsdirectly.Instead weareexpected to dealwith thedialog'scontent
pane:

    JButton btn = new JButton("OK");
    myDialog.getContentPane().add(btn);

From thedesign prospective,itisvery common to add push buttonsto adialog.Typicalbuttonsare"OK"or
"Save" to continue with an action orsave data,and "Cancel" or"Close" to close the dialog and cancelan
action or avoid saving data.

Bug Alert!JDialog isnotgarbage collected even when itis disposed,made non-visible,and retains no direct
references in scope. This‘feature’ is not documented and is most likely an AW T or Swing bug.

BugAlert! Because ofcertainAW T limitations,JDialog willonlyallow lightweightpopupmenus.JPopupMenu,
and the components that use it, such as JComboBox and JMenu,canonlybelightweightinmodaldialogs.For
this reason we need to be especially careful when implementing a modaldialog containing heavyweight
components.

Aswith JFrame,JDialog willappearin theupperleft-hand cornerofthescreen unlessanotherlocation is
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specified.It is usuallymore natural to center a dialog with respect to its owner, as follows:

    Window owner = myDialog.getParent();
    myDialog.setResizable(false);
    Dimension d1 = myDialog.getSize();
    Dimension d2 = owner.getSize();
    int x = Math.max((d2.width-d1.width)/2, 0);
    int y = Math.max((d2.height-d1.height)/2, 0);
    myDialog.setBounds(x, y, d1.width, d1.height);

Note:Itiscommon practice to show dialogsin response to menu selections.In such casesa menu’spopup may
remain visible and the parent frame needs to be manually repainted.For this reason we suggest calling
repaint() on the parent before displaying dialogs invoked bymenus.

TodisplayaJDialog window wecanuseeithertheshow() methodinheritedfrom java.awt.Dialog,or
wecanusethesetVisible() methodinheritedfrom java.awt.Component.Thefollowing snippetcode
illustrates a typical scheme of creation and usage of the custom dialog box:

Reference:In chapter 20 we willshow how to constructquite complex dialogs and assume knowledge of the
JDialog information presented here. W e suggest supplementing this chapter’smaterialwith a brieflookatthe
chapter 20 examples to get a feel for what lies ahead.

Note:W hen building complex dialogsitisnormallypreferablethatoneinstanceofthatdialog beused throughouta
given Javasession.W esuggestinstiating such dialogswhen theapplication/appletisstarted,and storing them
asvariablesforrepetitiveuse. Thisavoidstheoftensignificantlylongdelaytimerequiredtoinstantiateadialog
each timeitisneeded.W ealso suggestwrapping dialog instantiation in aseparatethread to avoid clogging up
theAW T event dispatching thread.

14.1.2 JOptionPane

class javax.swing.JOptionPane

Thisclassprovidesaneasyandconvenientwaytodisplaystandarddialogsusedforpostingamessage,asking
aquestion,orprompting forsimpleuserinput.NotethateachJOptionPane dialog ismodaland willblock
theinvoking thread ofexecution,asdescribed above(thisdoesnotapply to internaldialogs;wewilldiscuss
these soon enough). 

It is important to understand that JOptionPane is not itself a dialog (note that it directly extends
JComponent).Rather,itactsasacontainerthatisnormally placed in aJDialog oraJInternalFrame,
and provides several convenient methods for doing so. There is nothing stopping us from creating a
JOptionPane andplacingitinanycontainerwechoose,butthiswillrarelybeuseful.Figure14.1 illustrates
the general JOptionPane component arrangement:
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Figure 14.1 The com ponents of a JOptionPane dialog.

<<file figure14-1.gif>>

JOptionPane classsupportsfourpre-defined types:M essage,Confirm,Input,and Option.W ewilldiscuss
how to create and work with each type,but first we need to understand the constituents.To create a
JOptionPane thatisautomatically placed in eitheraJDialog orJInternalFrame,we need to supply
some or all of the following parameters to one if its staticshowXXDialog() methods (discussed below):

A parentComponent.IftheparentisFrame,theoptionpanewillbeplacedinaJDialog andbecentered
withrespecttotheparent.Ifthisparameterisnull,itwillinstead becentered with respectto thescreen.
If the parentis a JDesktopPane,or is contained in one,the opyion pane willbe contained in a
JInternalFrame and placed in theparentdesktop’sMODAL_LAYER (seechapter15).Forothertypes
of parent components a JDialog will be used and placed below that component on the screen. 

A messageObject:amessageto bedisplayed in thecenterofthe pane (in theM essage area).Typically
thisisaString,which may bebroken into separatelinesusing '\n'characters.Howeverthisparameter
has a genericObject type and JOptionPane deals with non-String objects in the following way:

Icon: will be displayed in a JLabel.

Component: will simply be placed in the message area.

Object[]:dealtwith as described here,these willbe placed vertically in a column(this is done
recursively).

Object:the toString() method willbe called to convertthis to a String for display in a
JLabel

An int message type: can be one of the following static constants defined in JOptionPane:
ERROR_MESSAGE, INFORMATION_MESSAGE, WARNING_MESSAGE, QUESTION_MESSAGE,
PLAIN_MESSAGE.ThisisusedbythecurrentL&F tocustomizethelookofanoptionpanebydisplaying
an appropriate icon (in the Icon area) corresponding to the message type’smeaning (see below).

An int option type: can be one of the following static constants defined in JOptionPane:
DEFAULT_OPTION, YES_NO_OPTION, YES_NO_CANCEL_OPTION, OK_CANCEL_OPTION. This
parameterspecifies a setofcorresponding buttons to be displayed atthe bottom ofthe pane (in the
Options area).Another set of similar parameters returned from JOptionPane showXXDialog()
methods (see below) specify which button was pressed: CANCEL_OPTION, CLOSED_OPTION,
NO_OPTION,OK_OPTION,YES_OPTION.NotethatCLOSED_OPTION isonlyreturnedwhenthepaneis
containedinaJDialog orJInternalFrame,andthatcontainer’sclosebutton(locatedinthetitlebar)
is pressed.
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An Icon:displayed in the leftside ofthe pane (in theIcon area).Ifnotexplicitly specified,the icon is
determined by the currentL&F based on the message type (this does notapply to panes using the
PLAIN_MESSAGE message type).

An array ofoption Objects:we can directly specify an array ofoption Objectsto be displayed atthe
bottom ofthe pane (in the Options area).This array can also be specified with the setOptions()
method.Ittypically containsan array ofStringsto be displayed on aJButtons,butJOptionPane
alsohonorsIcons(alsodisplayedinJButtons)andComponents (placeddirectlyin arow).Similarto
messageObjects,thetoString() method willbecalled to convertallobjectsthatarenotIcon’sor
ComponentstoaString fordisplayin aJButton.Ifnull isused,theoption buttonsaredetermined
by the specified option type.

An initialvalueObject:specifieswhich button orcomponentin theOptionsarea hasthefocuswhen the
pane is initially displayed.

An arrayofselection valueObjects:specifiesan array ofallowed choicestheusercan make.Ifthisarray
containsmore than twenty itemsaJList isused to display them using the defaultrendering behavior
(seechapter10).Ifthearray containslessthan twenty itemsaJComboBox isused to display them (also
using the defaultJList rendering behavior).Ifnull isused,an empty JTextField isdisplayed.In
any case, the component used for selection is placed in the Input area.

A String title: used for display as the titlebar title in the containing JDialog or JInternalFrame.

The following static methods are provided for convenient creation of JOptionPanes placed in JDialogs:

showConfirmDialog():thismethod displaysa dialog with severalbuttonsand returnsanint option
type corresponding to the button pressed (see above).Fouroverloaded methods are provided allowing
specification of, at most, a parent component,message, title, option type,message type, and icon. 

showInputDialog():thismethoddisplaysadialogwhichisintendedto receiveuserinput,and returnsa
String (iftheinputcomponentisatextfield)oranObject iftheinputcomponentisalistoracombo
box (see above).Four overloaded methods are provided allowing specification of,atmost,a parent
component,message,title,option type,message type,icon,array ofpossible selections,and an initially
selected item. Two buttons are always displayed in the Options area:“OK” and “Cancel.”

showMessageDialog():thismethoddisplaysadialogwithan“OK” button,anddoesn’treturnanything.
Threeoverloaded methodsareprovided allowing specification of,atmost,aparentcomponent,message,
title,message type, and icon.

showOptionDialog():thismethod displaysadialog which can becustomized abitmorethan theabove
dialogs,and returnseithertheindex into thearray ofoptionObjectsspecified,oran option type ifno
optionObjectsarespecified.Onlyonemethodisprovidedallowingspecificationofaparentcomponent,
message,title,optiontype,messagetype,icon,arrayofoptionObjects,and an optionObject with the
initial focus. The option Objects are layed out as a row in the Options area.

To create JOptionPanes contained in JInternalFrames rather than JDialogs, we can use the
showInternalConfirmDialog(), showInternalInputDialog(),
showInternalMessageDialog(),and showInternalOptionDialog() overloaded methods.These
work thesameasthemethodsdescribed above,onlythey expectthatagiven parentisaJDesktopPane (or
has a JDesktopPane ancestor).

Note: Internal dialogs are not modal and, as such, do not block execution of the invoking thread.

Alternatively, we can directly create a JOptionPane as illustrated by the following psuedo-code:

    JOptionPane pane = new JOptionPane(...); // Specify parameters
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    pane.setXX(...); // Set additional parameters

    JDialog dialog = pane.createDialog(parent, title);
    dialog.show();

    Object result = pane.getValue();
    // Process result (may be null)

Thiscodecreatesan instanceofJOptionPane and specifiesseveralparameters(see APIdocs).Additional
settingsarethenprovidedwithsetXX accessormethods.ThecreateDialog() methodcreatesaJDialog
instance containing our JOptionPane which is then displayed (we could also have used the
createInternalFrame() method to wrap ourpane in aJInternalFrame).Finally,thegetValue()
method retrievestheoption selected by user,so theprogram may react accordingly.Thisvaluemay benull
(iftheuserclosesdialog window).Notethatbecauseprogram execution blocksuntilthedialog isdismissed,
getValue() will not be called until a selection is made.

Note:The advantage ofJOpionPane is its simplicity and convenience.In general,there should be no need to
customize itto any large extent.Ifyou find yourselfdesiring a differentlayoutwe suggestwriting yourown
container instead.

Figure 14.2 illustrates the use ofJOptionPane where a custom dialog may be more suitable.Note the
extremely long button,textfield,and combo box.Such extremesizeshavedetrimentalaffectson theoverall
usability and appearance of an app.

Figure 14.2 Aw kw ard use of com ponents in a JOptionPane.

<<file figure14-2.gif>>

UI Guideline : Usage of JOptionPane

JOptionPane is notdesigned as a generalpurpose inputdialog.The primary restriction is the defined layout.
JOptionPane isdesigned foruse in conversationsbetween the System and the Userwhere the desired result is a
navigation choice or a data selection, or where the User must be notified of an event.

Therefore,JOptionPaneisbestused with asingleentry field orcombobox selection,possibly with asetofbuttons
for selection or navigational choice.

Forexample an AnswerPhone application mightrequire an option dialog displaying "You have 1 message," with
options"Play,""Save,""Record outgoing message,"and "Deletemessages."Such arequirementcan bemetwith a
JOptionPanewhich provides a single label for themessage and 4 buttons for each of the choices available.
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14.1.3 JColorChooser

class javax.swing.JColorChooser

Thisclassrepresentsapowerful,pre-builtcomponentused forcolorselection.JColorChooser isnormally
used in amodaldialog.Itconsistsoftabbed panecontaining threepanelseach offering adifferentmethod of
choosing a color:Swatches,HSB,and RGB.A colorpreview pane isdisplayed below thistabbed pane and
always displays the currently selected color. Figure 14.3 illustrates.

Figure 14.3 JColorChooser in a JDialog.

<<file figure14-3.gif>>

ThestaticshowDialog() methodinstatiatesanddisplaysaJColorChooser inamodaldialog,andreturns
the selected Color (or null if no selection is made):

    Color color =  JColorChooser.showDialog(myComponent,
      "Color Chooser", Color.red);
    if (color != null)
      myComponent.setBackground(c);

A more complex variant is the static createDialog() method which allows specification of two
ActionListenersto be invoked when a selection ismade orcancelled respectively.W e can also do the
following:

Retrieve color selection panels with the getChooserPanels() method and use them outside the dialog.

Add custom color selection panels using the addChooserPanel() method.

Assign a new custom color preview pane uwing the setPreviewPanel() method.
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Several classes and interfaces supporting JColorChooser are grouped into the
javax.swing.colorchooser package. 

14.1.4 The ColorSelectionM odel interface

abstract interface javax.swing.colorchooser.ColorSelectionM odel

Thisisasimpleinterfacedescribing thecolorselection modelforJColorChooser.Itdeclaresmethodsfor
adding and removingChangeListeners which are intended to be notified when the selected Color changes, 
and getSelectedColor()/setSelectedColor() accessorsto retrieveand assign thecurrently selected
Color respectively.

14.1.5 DefaultColorSelectionM odel

class javax.swing.colorchooser.DefaultColorSelectionM odel

Thisisthedefaultconcreteimplementation oftheColorSelectionModel interface.Itsimply implements
thenecessary methodsasexpected,storesregisteredChangeListenersin an EventListenerList,and
implements an additional method to perform the actual firing of ChangeEvents to all registered listeners.

14.1.6 AbstractColorChooserPanel

abstract class javax.swing.colorchooser.AbstractColorChooserPanel

ThisabstractclassdescribesacolorchooserpanelwhichcanbeaddedtoJColorChooser asanew tab.W e
can sub-classAbstractColorChooserPanel to implementacustom colorchooser panelofourown.The
twomostimportantmethodsthatmustbeimplementedarebuildChooser() andupdateChooser().The
formerisnormallycalledonlyonceatinstantiationtimeandisintendedtoperform allGUIinitializationtasks.
The latter is intended to update the panel to reflect a change in the associated JColorChooser’s
ColorSelectionModel.Otherrequired methodsincludethoseallowing accessto adisplay nameand icon
used to identify the panel when it is displayed in JColorChooser’s tabbed pane.

14.1.7 ColorChooserComponentFactory

class javax.swing.colorchooser.ColorChooserComponentFactory

Thisisaverysimpleclassthatisresponsibleforcreating and returning instancesofthedefaultcolorchooser
panelsand preview panelused byJColorChooser.Thethreecolorchooserpanelsareinstancesofprivate
classes:DefaultSwatchChooserPanel,DefaultRGBChooserPanel,DefaultHSBChooserPanel.
The preview pane is an instance ofDefaultPreviewPane.Other private classes used in this package
include two custom layout managers,CenterLayout and SmartGridLayout,a class for convenient
generation ofsynthetic images,SyntheticImage,and a custom textfield thatonly allows integerinput,
JIntegerTextField.These undocumented classes are very interesting and we urge curious readers to
spend sometimewith thesourcecode.Becausethey areonly used within thecolorchooser package and
are defined as package private, we will not discuss them further here.

14.1.8 JFileChooser

class javax.swing.JFileChooser

Thisclass representsthestandard Swing directory navigation and fileselection componentwhich isnormally
used in a modaldialog.ItconsistsofaJList and severalbutton and inputcomponentsalllinked together
offering functionalitysimilarto thefiledialogs weareused to on ournativeplatforms.TheJList isused to
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display a list of files and sub-driectories residing in the current directory being navigated.Figure 14.4
illustrates.

Figure 14.4 JFileChooser in a JDialog.

<<file figure14-4.gif>>

UI Guideline : Cross Application Consistency 

The key reason forpromoting the use ofa standard file chooserdialog isto promote the consistency ofsuch an
operationacrossthewholeoperatingsystem ormachineenvironment.TheUserexperienceisimproved becausefile
selection isalwaysthesameno matterwhich application they arerunning.Thisisan importantgoaland worthy of
recognition.Thus, if you have a requirement to manipulate files, you ought to be using the JFileChooser component.

The factthatsuch a re-usable componentexists and much of the complex coding is provided as partof the
implementation, is merely a bonus for the developer.

W e can set the current directory by passing a String to its setCurrentDirectory() method.
JFileChooser also hastheabilityto usespecialFileFilters(discussed below)to onlyallow navigation
of certain types of files.Severalproperties controlwhether directories and/or files can be navigated and
selected,and how the typical“Open” (approve)and “Cancel” (cancel)buttonsare represented (see the API
docs for more on these straight forward methods.)

To usethiscomponentwenormallycreatean instanceofit,setthedesired options,and callshowDialog()
to place itin an active modaldialog.Thismethod takestheparentcomponentand the textto display forits
approve button,as parameters.Calling showOpenDialog()or showSaveDialog()willshow a modal
dialog with “Open” or “Save” for the approve button text respectively.

Note:JFileChooser can takeasignificant amountoftimeto instantiate.Pleaseconsiderstoring an instanceasa
variable and performing instantiation in a separate thread at startup time, as discussed in a note above.

The following code instantiates a JFileChooser inan “Open” filedialog,verifiesthatavalidfileisselected,
and retrieves that file as a File instance:

    JFileChooser chooser = new JFileChooser(); 
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    chooser.setCurrentDirectory(".");
    if (chooser.showOpenDialog(myComponent) != 
      JFileChooser.APPROVE_OPTION)

 return;
    File file = chooser.getSelectedFile();

JFileChooser generatesPropertyChangeEventswhen any ofitspropertieschangestate.Theapprove
and cancelbuttonsgenerateActionEventswhen pressed.W e can registerPropertyChangeListeners
and ActionListeners to receive these events respectively. As any well-defined JavaBean should,
JFileChooser defines several static String constants corresponding to each property name, e.g.
JFileChooser.FILE_FILTER_CHANGED_PROPERTY (see APIdocsfora fulllisting).W e can use these
constantsindeterminingwhichpropertyaJFileChooser-generatedPropertyChangeEvent corresponds
to.

JFileChooser also supportsthe option ofinserting an accessory component.Thiscomponentcan be any
componentwe like and willbe placed to the rightoftheJList.In constructing such a component,we are
normallyexpected to implementthePropertyChangeListener interface.Thiswaythecomponentcan be
registered with the associated JFileChooser to receive notification of property state changes. The
componentshould usetheseeventsto updateitsstateaccordingly.W eusethesetAccessory() method to
assign an accessorycomponentto aJFileChooser,and addPropertyChangeListener() to registerit
for receiving property state change notification.

Reference: For a good example of an accessory component used to preview selected images, see the
FileChooserDemo examplethatshipswithJava2.Inthefinalexampleofthischapterwewillshow how to
customizeJFileChooser in a more direct mannar.

Severalclassesand interfacesrelated to JFileChooser are grouped into javax.swing.filechooser
package.

Note:JFileChooser isstillfairly immature.Forexample,multi-selection mode is specified buthas notbeen
implemented yet.Laterin thischapter wewillshow how to work around this,aswellashow to build ourown
accessory-like component in a different location than that of a normal accessory as described above. 

14.1.9 FileFilter

abstract class javax.swing.filechooser.FileFilter

Thisabstractclassisused to implementafilterfordisplaying onlycertain filetypesinJFileChooser.Two
methodsmust be implemented in concrete sub-classes:

boolean accept(File f): returns true if the given file should be displayed, false otherwise.

String getDescription():returnsadescription ofthefilterused in theJComboBox atthebottom of
JFileChooser.

TomanageFileFilters we can use severalmethods in JFileChooser, including:

addChoosableFileFilter(FileFilter f) to add a new filter.

removeChoosableFileFilter(FileFilter f) to remove an existing filter.

setFileFilter(FileFilter f) to set a filter as currently active (and append it, if necessary).

By defaultJFileChooser receivesa filteraccepting allfiles.Specialeffortmustbe made to remove this
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filter if we do not desire our application to accept all files:

    FileFilter ft = myChooser.getAcceptAllFileFilter();
    myChooser.removeChoosableFileFilter(ft);

So how do wecreateasimplefilefilterinstanceto only allow navigation and selection ofcertain filetypes?
The following classcan be used astemplate fordefining mostofourown filters,and we willsee itused in
future chapters:

  class SimpleFilter extends FileFilter
  {
    private String m_description = null;
    private String m_extension = null;

    public SimpleFilter(String extension, String description) {
      m_description = description;
      m_extension = "." + extension.toLowerCase();
    }

    public String getDescription() { 
      return m_description; 
    }

    public boolean accept(File f) {
      if (f == null) 
        return false;
      if (f.isDirectory())
        return true;
      return f.getName().toLowerCase().endsWith(m_extension);
    }
  }

Note thatwe alwaysreturn true fordirectoriesbecause we normallyalwayswantto be able to navigate any
directory.Thisfilteronly showsfilesmatching the given extensionString passed into ourconstructorand
stored as variable m_extension.In more robust,multi-purpose filters we mightstore an array oflegal
extensions,and check foreach in theaccept() method.Also notethatthedescriptionString passed into
the constructor,and stored as variable m_description,is the String shown in the combo box atthe
bottom ofJFileChooser representing the corresponding file type.JFileChooser can maintain multiple
filters, all added using the addChoosableFileFilter() method, and removable with its
removeChoosableFileFilter() method.

14.1.10 FileSystemView

abstract class javax.swing.filechooser.FileSystemView

This class encapsulates functionality which extracts information aboutfiles,directories,and partitions,and
supplies this information to the JFileChooser component.This class is used to make JFileChooser
independentfrom both platform-specific file system information,aswellasthe JDK/Java 2 release version
(sincetheJDK1.1 File APIdoesn'tallow accessto somemorespecificfileinformation availablein Java2).
W ecan provideourown FileSystemView sub-classand assign itto aJFileChooser instanceusing the
setFileSystemView(FileSystemView fsv) method.Four abstract methodsmust be implemented:

createNewFolder(File containingDir): creates a new folder (directory) within the given folder.

getRoots(): returns all root partitions. The notion of a root differs significantly from platform to platform.

isHiddenFile(File f): returns whether or not the givenFile is hidden.

isRoot(File f): returns whether or not the givenFile is a partition or drive.
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These methodsare called by JFileChooser and FileFilter implementations and we will,in general,
have no need to extend this class unless we needtotweakthewayJFileChooser interactswithourOS.The
static getFileSystemView() method currently returns a Unix orW indows specific instance foruse by
JFileChooser in the mostlikely eventthatone ofthese platform typesisdetected.Otherwise,a generic
instanceisused.SupportforM acintosh,OS2,and severalotheroperating systemsisexpected to beprovided
here in future releases.

14.1.11 FileView

abstract class javax.swing.filechooser.FileView

This abstractclass can be used to provide customized information aboutfiles and their types (typically
determined by the file extension),including iconsand a string description.Each L&F providesitsown sub-
class ofFileView, and we can constructourown fairly easily.Each ofthe five methods in this class is
abstractand mustbe implemented by sub-classes.The following generalized template can be used when
creating our own FileViews:

  class MyExtView extends FileView
  {

  // Store icons to use for list cell renderer.
    protected static ImageIcon MY_EXT_ICON = 
      new ImageIcon("myexticon.gif");
    protected static ImageIcon MY_DEFAULT_ICON = 
      new ImageIcon("mydefaulticon.gif");

    // Return the name of a given file. "" corresponds to
    // a partition, so in this case we must return the path.
    public String getName(File f) {
      String name = f.getName();
      return name.equals("") ? f.getPath() : name;
    }

    // Return the description of a given file.
    public String getDescription(File f) {
      return getTypeDescription(f);
    }

    // Return the String to use for representing each specific
    // file type.  (Not used by JFileChooser in Java 2 FCS)
    public String getTypeDescription(File f) {
      String name = f.getName().toLowerCase();
      if (name.endsWith(".ext"))
        return "My custom file type";
      else
        return "Unrecognized file type";
    }

    // Return the icon to use for representing each specific
    // file type in JFileChooser’s JList cell renderer.
    public Icon getIcon(File f) {
      String name = f.getName().toLowerCase();
      if (name.endsWith(".ext"))
        return MY_EXT_ICON;
      else
        return MY_DEFAULT_ICON;
    }

    // Normally we should return true for directories only.
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    public Boolean isTraversable(File f) {
      return (f.isDirectory() ? Boolean.TRUE : Boolean.FALSE);
    }
  }

W e willsee how to build a custom FileView forJAR and ZIP archive files in the finalexample ofthis
chapter.

14.2 Adding an "About" dialog
M ostGUIapplications have atleastone “About” dialog,usually modal,which often displays copyright,
company,and otherimportantinformation such asproductname,version number,authors,etc.Thefollowing
exampleillustrateshow to add such adialog to ourtexteditorexampledeveloped in chapter12.W ebuild a
sub-class ofJDialog,populate itwith some simple components,and store itas a variable which can be
shown and hidden indefinitely withouthaving toinstantiate a new dialog each time itisrequested.W e also
implement centering so that whenever it is shown it will appear in the center of our application’s frame.

Figure 14.5 A typical "About" custom  JDialog w ith dynam ic centering.

<<file figure14-5.gif>>

The Code: BasicTextEditor.java
see\Chapter14\1

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.*;

public class BasicTextEditor extends JFrame
{
  // Unchanged code from section 12.5
  protected AboutBox m_dlg;

  public BasicTextEditor() {
    super("\"About\" BasicTextEditor");
    setSize(450, 350);
    ImageIcon icon = new ImageIcon("smallIcon.gif");
    setIconImage(icon.getImage());

    // Unchanged code from section 12.5

updateMonitor();
m_dlg = new AboutBox(this);
setVisible(true);

  }
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  protected JMenuBar createMenuBar() {
    // Unchanged code from section12.5

    JMenu mHelp = new JMenu("Help");
    mHelp.setMnemonic('h');
    Action actionAbout = new AbstractAction("About") { 
      public void actionPerformed(ActionEvent e) {
        Dimension d1 = m_dlg.getSize();
        Dimension d2 = BasicTextEditor.this.getSize();
        int x = Math.max((d2.width-d1.width)/2, 0);
        int y = Math.max((d2.height-d1.height)/2, 0);
        m_dlg.setBounds(x+BasicTextEditor.this.getX(), 
          y+ BasicTextEditor.this.getY(),
          d1.width, d1.height);
        m_dlg.show();
      }
    };
    item =  mHelp.add(actionAbout);
    item.setMnemonic('a');
    menuBar.add(mHelp);

    getContentPane().add(m_toolBar, BorderLayout.NORTH);
    return menuBar;
  }
  // Unchanged code
}

class AboutBox extends JDialog
{
  public AboutBox(Frame owner) {
    super(owner, "About Swing Menu", true);

    JLabel lbl = new JLabel(new ImageIcon("icon.gif"));
    JPanel p = new JPanel();
    Border b1 = new BevelBorder(BevelBorder.LOWERED);
    Border b2 = new EmptyBorder(5, 5, 5, 5);
    lbl.setBorder(new CompoundBorder(b1, b2));
    p.add(lbl);
    getContentPane().add(p, BorderLayout.WEST);

    String message = "Swing Menu sample application\n"+
      "Copyright P.Vorobiev, M.Robinson 1998-99";
    JTextArea txt = new JTextArea(message);
    txt.setBorder(new EmptyBorder(5, 10, 5, 10));
    txt.setFont(new Font("Helvetica", Font.BOLD, 12));
    txt.setEditable(false);
    txt.setBackground(getBackground());
    p = new JPanel();
    p.setLayout(new BoxLayout(p, BoxLayout.Y_AXIS));
    p.add(txt);

    message = "This program demonstrates how to use\n"+
      "Swing menus and toolbars";
    txt = new JTextArea(message);
    txt.setBorder(new EmptyBorder(5, 10, 5, 10));
    txt.setFont(new Font("Arial", Font.PLAIN, 12));
    txt.setEditable(false);
    txt.setBackground(getBackground());

  p.add(txt);

    getContentPane().add(p, BorderLayout.CENTER);
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    JButton btOK = new JButton("OK");
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        setVisible(false);
      }
    };

  btOK.addActionListener(lst);
    p = new JPanel();
    p.add(btOK);
    getContentPane().add(p, BorderLayout.SOUTH);

    pack();
    setResizable(false);
  }
}

Understanding the Code

Class BasicTextEditor

New instance variable:

AboutBox m_dialog: used to reference an instance of our custom “About” dialog class. 

The constructor now assigns a custom icon to the applicationframe,instantiatesanAboutBox,anddirectsour
m_dlg referenceto theresulting instance.In thisway wecan simply show and hidethedialog asnecessary,
withouthaving to build anew instanceeach timeitisrequested.Noticethatweuseathis referenceforits
parent because BasicTextEditor extends JFrame.

W ealsomodifythecreateMenuBar() method byadding anew “Help” menu containing an “About” menu
item.This menu item is created as an Action implementation,and its actionPerformed() method
determinesthe dimensionsofourdialog aswellaswhere itshould be placed on the screen so thatitwill
appear centered relative to its parent.

Class AboutBox

This class extends JDialog to implementour custom "About" dialog.The constructor creates a modal
JDialog instance titled “About Swing M enu,” and populates itwithsomesimplecomponents.A largeiconis
placed in theleftsideandtwo JTextAreas areplaced in thecenterto display multilinetextmessageswith
different fonts. A push button titled "OK" is placed at the bottom. Its ActionListener’s
actionPerformed() method invokessetVisible(false) when pressed.

Note:W e could have constructed a similar“About” dialog using aJOptionPane message dialog.However,the
pointofthisexample isto demonstrate the basicsofcustom dialog creation,which we willbe using laterin
chapter 20 to create several complex custom dialogs that could not be derived from JOptionPane.

Running the Code

Selectthe "About"menu item which bringsup the dialog shown in figure 14.5.Thisdialog servesonly to
display information,and hasno functionality otherthan the“OK” button which hidesit.Notethatno matter
where the parentframe lies on the screen,when the dialog is invoked itappears centered.Also note that
displaying thedialog isveryfastbecauseweareworking with thesameinstancethroughouttheapplication’s
lifetime. This is, in general, a common practice that should be adhered to.
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14.3 JOptionPane message dialogs
M essagedialogsprovidedbytheJOptionPane classcanbeusedformanypurposesinSwingapps:toposta
message,ask aquestion,orgetsimpleuserinput.Thefollowing examplebringsup severalmessageboxesof
different types with a common Shakespeare theme. Both internal and regular dialogs are constructed,
demonstrating how to use the convenientshowXXDialog() methods (see 14.1.2),as well as how to
manually create a JOptionPane component and place it in a dialog or internal frame for display.

Each dialogisinstantiatedasneededandweperform nocachinghere(forpurposesofdemonstration).A more
professionalimplementation mightinstantiate each dialog atstartup and store them as variables for use
throughout the application’s lifetime.

Figure 14.6 JOptionPane w ith custom  icon, m essage, and option button strings in a JDialog.

<<file figure14-6.gif>>

Figure 14.7 JOptionPane w ith custom  icon and m essage in a JInternalFram e.

<<file figure14-7.gif>>

Figure 14.8 JOptionPane ERROR_M ESSAGE m essage dialog w ith m ulti-line m essage.

<<file figure14-8.gif>>
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Figure 14.9 JOptionPane INFORM ATION_M ESSAGE input dialog w ith custom  icon, m essage, text field input, and initial
selection.

<<file figure14-9.gif>>

Figure 14.10 JOptionPane INFORM ATION_M ESSAGE input dialog w ith custom  icon, m essage, com bo box input, and 
initial selection.

<<file figure14-10.gif>>

Figure 14.11 JOptionPane YES_NO_OPTION confirm  dialog.

<<filefigure14-11.gif>>

The Code: DialogBoxes.java
see\Chapter14\2

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;

public class DialogBoxes extends JFrame 
{
  static final String BOX_TITLE = "Shakespeare Boxes";

  public DialogBoxes() {
    super(BOX_TITLE);
    setSize(400,300);
    setLayeredPane(new JDesktopPane());

    JMenuBar menuBar = createMenuBar();
    setJMenuBar(menuBar);



56

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {

      System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  protected JMenuBar createMenuBar() {
    JMenuBar menuBar = new JMenuBar();

    JMenu mFile = new JMenu("File");
    mFile.setMnemonic('f');

    JMenuItem mItem = new JMenuItem("Ask Question");
    mItem.setMnemonic('q');
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        JOptionPane pane = new JOptionPane(
          "To be or not to be ?\nThat is the question.");
        pane.setIcon(new ImageIcon("Hamlet.gif"));
        Object[] options = 
          new String[] {"To be", "Not to be"};
        pane.setOptions(options);
        JDialog dialog = pane.createDialog(
        DialogBoxes.this, BOX_TITLE);
        dialog.show();
        Object obj = pane.getValue();
        int result = -1;
        for (int k=0; k<options.length; k++)
          if (options[k].equals(obj))
        result = k;
        System.out.println("User's choice: "+result);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

    mItem = new JMenuItem("Info Message");
    mItem.setMnemonic('i');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        String message = "William Shakespeare was born\n"+
          "on April 23, 1564 in\n"
          +"Stratford-on-Avon near London";
        JOptionPane pane = new JOptionPane(message);
        pane.setIcon(new ImageIcon("Shakespeare.gif"));
        JInternalFrame frame = pane.createInternalFrame(
          (DialogBoxes.this).getLayeredPane(), BOX_TITLE);
        getLayeredPane().add(frame);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

    mItem = new JMenuItem("Error Message");
    mItem.setMnemonic('e');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        String message = "\"The Comedy of Errors\"\n"+



57

          "is considered by many scholars to be\n"+
          "the first play Shakespeare wrote";
        JOptionPane.showMessageDialog(
          DialogBoxes.this, message,
          BOX_TITLE, JOptionPane.ERROR_MESSAGE);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

    mFile.addSeparator();

    mItem = new JMenuItem("Text Input");
   mItem.setMnemonic('t');

    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        String input = (String) JOptionPane.showInputDialog(
          DialogBoxes.this, 
          "Please enter your favorite Shakespeare play",
          BOX_TITLE, JOptionPane.INFORMATION_MESSAGE,
          new ImageIcon("Plays.jpg"), null,
          "Romeo and Juliet");
        System.out.println("User's input: "+input);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

    mItem = new JMenuItem("Combobox Input");
    mItem.setMnemonic('c');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        String[] plays = new String[] {
          "Hamlet", "King Lear", "Otello", "Romeo and Juliet" };
        String input = (String) JOptionPane.showInputDialog(
          DialogBoxes.this,
          "Please select your favorite Shakespeare play",
          BOX_TITLE, JOptionPane.INFORMATION_MESSAGE,
          new ImageIcon("Books.gif"), plays,

       "Romeo and Juliet");
        System.out.println("User's input: "+input);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

    mFile.addSeparator();

    mItem = new JMenuItem("Exit");
    mItem.setMnemonic('x');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        if (JOptionPane.showConfirmDialog(
         DialogBoxes.this,
         "Do you want to quit this application ?",
         BOX_TITLE, JOptionPane.YES_NO_OPTION)
         == JOptionPane.YES_OPTION)
          System.exit(0);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);
    menuBar.add(mFile);
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    return menuBar;
  }

  public static void main(String argv[]) {
    new DialogBoxes();
  }
}

Understanding the Code

Class DialogBoxes

This class represents a simple frame which contains a menu barcreatedwithourcreateMenuBar() method,
and aJDesktopPane (seechapter16)which isused astheframe’slayered pane.Themenu barcontainsa
singlemenu titled “File,” which holds severalmenu items.

ThecreateMenuBar() method isresponsibleforpopulating ourframe’smenu barwith seven menu items,
each with an ActionListener to invoke the display of a JOptionPane in either a JDialog or
JInternalFrame.Thefirstmenuitem titled “Ask Question” createsan instanceofJOptionPane,assigns
itacustom iconusingitssetIcon() method,and custom option buttonStringsusingsetOptions().A
JDialog iscreated to hold thismessagebox,and theshow() method displaysthisdialog on thescreen and
waitsuntilitisdismissed.AtthatpointthegetValue() method retrievestheuser'sselection asanObject,
whichmay be null or one of the option button Stringsassignedtothismessagebox.Theresultingdialogis
shown in figure 14.6.

UI Guideline : Affirm ative Text

The use of the affirmative and unambiguous text "To Be" and "Not to be" greatly enhances the usability of the option 
dialog. For example,were the text to have read, "To be or not to be?That is the question","Yes" or"No", thiswould
havebeensomewhatambiguousandmayhaveconfusedsomeusers.Theexplicittext,"ToBe","Nottobe"ismuch
clearer.

This is another example of improved usabilitywithjust a little more extra coding effort.

Thesecondmenuitem titled “Info M essage” createsaJOptionPane with amulti-linemessageString and
acustom icon.ThecreateInternalFrame() method isused to createaJInternalFrame holding the
resulting JOptionPane messagebox.Thisinternalframeisthen added to thelayeredpane,which isnow a
JDesktopPane instance. The resulting internal frame is shown on the figure 14.7.

The third menu item titled “ErrorM essage” producesa standard errormessage box using JOptionPane’s
static showMessageDialog() method and the ERROR_MESSAGE message type.The resulting dialog is
shown in figure 14.8. Recall that JOptionPane dialogs appear, bydefault,centeredwithrespecttotheparent
if the parent is a frame. This is why we don’t do anymanual positioning here.

The nexttwo menu items titled “TextInput” and “Combobox Input” produce INFORMATION_MESSAGE
JOptionPanes which take user input in a JTextField and JComboBox respectively. The static
showInputDialog() is used to display these JOptionPanes in JDialogs.Figures 14.9 and 14.10
illustrate.The “TextInput” pane takesthe initialtextto display in itstextfield asa String parameter.The
“ComboboxInput” pane takes an array of Strings todisplayinthecomboboxaspossiblechoices,aswellas
aString to display as initialy selected.

UI Guideline : Added Usability with Constrained Lists 

Figures14.9 and 14.10 clearly highlighthow usability can be improved through effective componentchoice.The
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comboboxwith a constrained list of choices is clearly the better tool for the task at hand.

The Domain Problem in this example has a fixed numberofchoices.Shakespeare is clearly dead and the plays
attributedtohim areknown.ThusthecomboboxinFig14.10isabetterchoice.Itshouldbepopulated with alistof
all the known plays.

The Option Pane in Fig 14.9 would be better used for an unknown data entry such as "Please enter your name".

Thefinalmenu item titled “Exit” bringsup aYES_NO_OPTION confirmation JOptionPane in aJDialog
(shown in figure 14.11) by calling showConfirmDialog().The application is terminated if the user
answers“Yes.”

14.4 Customizing JColorChooser
In chapter 12 we developed a custom menu item allowing quick and easy selection of a color for the
background and foreground ofa JTextArea.In section 14.1 we builtoffofthisexample to add a simple
“About” dialog.In this section we'llbuild offofitfurther,and constructa customizedJColorChooser
allowing a much wider range of color selection. Our implementation includes a preview component,
PreviewPanel,thatillustrateshow textwillappearwith chosen background and foreground colors.Note
thatwe have to return both background and foreground selection valueswhen the userdismissesthe color
chooser in order to update the text component properly.

Figure 14.12 JColorChooser w ith custom  Preview Panel com ponent capable of returning tw o Color selections.

<<file figure14-12.gif>>

UI Guideline : Preview Im proves Usability

Inthisexample,theUsermayhaveagoalof "Selectsuitablecoloursforabannerheadline."ByallowingtheUserto
view a W YSIW YG preview,usability is improved.The user doesn'thave to experimentwith selection,which
involvesopeningandclosingthedialogseveraltimes.Instead,shecan achievethegoalon asinglevisitto thecolor
chooser dialog.
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The Code: BasicTextEditor.java
see\Chapter14\3

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;

public class BasicTextEditor extends JFrame 
{
  // Unchanged code from section 14.2

  protected JColorChooser m_colorChooser;
  protected PreviewPanel m_previewPanel;
  protected JDialog m_colorDialog;

  public BasicTextEditor() {
    super("BasicTextEditor with JColorChooser");
    setSize(450, 350);
    ImageIcon icon = new ImageIcon("smallIcon.gif");
    setIconImage(icon.getImage());

    m_colorChooser = new JColorChooser();
    m_previewPanel = new PreviewPanel(m_colorChooser);
    m_colorChooser.setPreviewPanel(m_previewPanel);

    // Unchanged code from section 14.2
  }

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 14.2

    Action actionChooser = new AbstractAction("Color Chooser") { 
      public void actionPerformed(ActionEvent e) {
        BasicTextEditor.this.repaint();
        if (m_colorDialog == null)
        m_colorDialog = JColorChooser.createDialog(

      BasicTextEditor.this, 
          "Select Background and Foreground Color",
          true, m_colorChooser, m_previewPanel, null);
        m_previewPanel.setTextForeground(
          m_monitor.getForeground());
        m_previewPanel.setTextBackground(
          m_monitor.getBackground());
        m_colorDialog.show();

        if (m_previewPanel.isSelected()) {
          m_monitor.setBackground(
            m_previewPanel.getTextBackground());
          m_monitor.setForeground(
            m_previewPanel.getTextForeground());
        }
      }
    };
    mOpt.addSeparator();
    item =  mOpt.add(actionChooser);
    item.setMnemonic('c');

    menuBar.add(mOpt);

    // Unchanged code from section 14.2
  }
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}

// Unchanged code from section 14.2

class PreviewPanel extends JPanel 
 implements ChangeListener, ActionListener
{
  protected JColorChooser m_chooser;
  protected JLabel m_preview;
  protected JToggleButton m_btBack;
  protected JToggleButton m_btFore;
  protected boolean m_isSelected = false;

  public PreviewPanel(JColorChooser chooser) {
    this(chooser, Color.white, Color.black);
  }

  public PreviewPanel(JColorChooser chooser, 
   Color background, Color foreground) {
    m_chooser = chooser;
    chooser.getSelectionModel().addChangeListener(this);

    setLayout(new BorderLayout());
    JPanel p = new JPanel(new GridLayout(2, 1, 0, 0));
    ButtonGroup group = new ButtonGroup();
    m_btBack = new JToggleButton("Background");
    m_btBack.setSelected(true);

m_btBack.addActionListener(this);
    group.add(m_btBack);
    p.add(m_btBack);
    m_btFore = new JToggleButton("Foreground");
    m_btFore.addActionListener(this);
    group.add(m_btFore);
    p.add(m_btFore);
    add(p, BorderLayout.WEST);

    p = new JPanel(new BorderLayout());
    Border b1 = new EmptyBorder(5, 10, 5, 10);
    Border b2 = new BevelBorder(BevelBorder.RAISED);
    Border b3 = new EmptyBorder(2, 2, 2, 2);
    Border cb1 = new CompoundBorder(b1, b2);
    Border cb2 = new CompoundBorder(cb1, b3);
    p.setBorder(cb2);

    m_preview = new JLabel("Text colors preview",
      JLabel.CENTER);
    m_preview.setBackground(background);
    m_preview.setForeground(foreground);
    m_preview.setFont(new Font("Arial",Font.BOLD, 24));
    m_preview.setOpaque(true);
    p.add(m_preview, BorderLayout.CENTER);
    add(p, BorderLayout.CENTER);

    m_chooser.setColor(background);
  }

  protected boolean isSelected() {
    return m_isSelected;
  }

  public void setTextBackground(Color c) {
    m_preview.setBackground(c);
  }
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  public Color getTextBackground() {
    return m_preview.getBackground();
  }

  public void setTextForeground(Color c) {
    m_preview.setForeground(c);
  }

  public Color getTextForeground() {
    return m_preview.getForeground();
  }

  public void stateChanged(ChangeEvent evt) {
    Color c = m_chooser.getColor();
    if (c != null) {
      if (m_btBack.isSelected())
        m_preview.setBackground(c);
      else
        m_preview.setForeground(c);
    }
  }

  public void actionPerformed(ActionEvent evt) {
    if (evt.getSource() == m_btBack)
      m_chooser.setColor(getTextBackground());
    else if (evt.getSource() == m_btFore)
      m_chooser.setColor(getTextForeground());
    else
      m_isSelected = true;
  }
}

Understanding the Code

Class BasicTextEditor

New instance variables:

JColorChooser m_colorChooser: stored JColorChooser to avoid unnecessary instantiation.

PreviewPanel m_previewPanel: instance of our custom color previewing component.

JDialog m_colorDialog: stored JDialog acting as the parent of m_colorChooser.

The constructor instantiates m_colorChooser and m_previewPanel,assigning m_previewPanel as
m_colorChooser’s preview component using the setPreviewPanel() method.

Themenu barreceivesanew menu item titled “ColorChooser” setup in thecreateMenuBar() method as
an Action implementation.W hen selected,thisitem firstrepaintsourapplication frame to ensure thatthe
areacoveredbythepopupmenuisrefreshedproperly.Thenitcheckstosee ifourm_colorDialog hasbeen
instantiated yet. If not we call JColorChooser‘s static createDialog() method to wrap
m_colorChooser in a dialog,and use m_previewPanel asan ActionListener forthe “OK” button
(see 14.1.3). Note that this instantiation only occurs once. 

W e then assign the currentcolors ofm_monitor to m_previewPanel (recallthatm_monitor is the
JTextArea centralto thisapplication).Thereason wedo thisisbecausetheforeground and background can
also be assigned by ourcustom menu colorchoosers.Ifthisoccursm_previewPanelisnotnotified,so we
update the selected colors each time the dialog is invoked.



63

The dialog isthen shown and the main application thread waitsforitto be dismissed.W hen the dialog is
dismissed m_previewPanel is checked for whether or not new colors have been selected, using its
isSelected() method (see below). If new colors have been chosen they are assigned to m_monitor.

Note: W e have purposely avoided updating the selected colors in our custom color menu components.Thereasonwe
did thisisbecause in a more professionalimplementation we would mostlikely notofferboth methods for
choosing textcomponentcolors.Ifwe did wantto supportboth methods we would need to determine the
closestcolorinourcustom colormenusthatmatchesthecorresponding colorselected with JColorChooser
(becauseJColorChooser offers a muchwider range of choices).

Class PreviewPanel

Thisclassrepresentsourcustom colorpreview componentdesignedforusewithJColorChooser.Itextends
JPanel and implements two listener interfaces,ChangeListener and ActionListener.Itdisplays
selected foreground and background colorsin a label,and includes two JToggleButtons used to switch
between background color and foreground color selectionmodes.Instancevariables:

JColorChooser m_chooser: a reference to the hosting color chooser.

JLabel m_preview: label to preview background and foreground colors.

JToggleButton m_btBack: toggle button to switch to background color selection.

JToggleButton m_btFore: toggle button to switch to foreground color selection.

boolean m_isSelected: flag indicating a selection has taken place.

The firstPreviewPanel constructortakesa JColorChooser asparameterand delegatesitswork to the
second constructor,passing it the JColorChooser as well as white and black Colors for the initial
background and foreground colors respectively. As we discussed in the beginning of this chapter,
JColorChooser’sColorSelectionModel firesChangeEvent’swhen theselectedColor changes.So
we start by registering this component as a ChangeListener with the given color chooser’smodel.

A BorderLayout isusedtomanagethiscontainerandtwotogglebuttonsareplacedina2x1GridLayout,
which isadded to theWEST region. Both buttonsreceiveathis referenceasan ActionListener.A label
with a large fontis then placed in the CENTER region.This labelis surrounded by a decorative,doubly-
compounded border consisting of an EmptyBorder, BevelBorder,and another EmptyBorder.The
foreground and background colors of this label are assigned as those values passed to the constructor.

Severalmethodsare used to setand getthe selected colorsand do notrequire any specialexplanation.The
stateChanged() methodwillbecalledwhenthecolorchoosermodelfiresChangeEvents.Dependingon
which toggle button is selected, this method updates the background or foreground color of the preview label.

TheactionPerformed() method willbecalled when oneofthetogglebuttonsispressed.Itassignesthe
stored background or foreground, depending which button is pressed, as the color of the hosting
JColorChooser. This method is also called when the “OK” button is pressed, in which case the
m_isSelected flag is set to true.

Running the Code

Selectthe “ColorChooser” menu item to bring up ourcustomized JColorChooser shown in figure14.12.
Selectabackgroundandforegroundcolorusinganyoftheavailablecolorpanes.Verifythatthepreview label
isupdated accordinglyto reflectthecurrentcolorselection,and thecurrentlyselected togglebutton.Pressthe
“OK” button to dismiss the dialog and note thatboth the selected foreground and background colors are
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assigned to our application’s textarea.Also note thatpressing the “Cancel” button dismisses the dialog
withoutmaking any color changes.

14.5 Customizing JFileChooser
Examples using JFileChooser to load and save files are scattered throughoutthe whole book.In this
section we'lltakeacloserlook atthemoreadvanced features ofthiscomponentthrough building apowerful
JAR and ZIP archive creation,viewing,and extraction tool.W e will see how to implement a custom
FileView and FileFilter,and how to accessand manipulate the internalsofJFileChooser to allow
multiple file selection and add our owncomponents.SincethisexampledealswithJava2archivefunctionality,
we willfirstbriefly summarize the classesfrom thejava.util.zip and java.util.jar packageswe
will be using.

Note:The interface presented in this section is extremely basic and professionalimplementations would surely
constructa more ellaborate GUI.W e have purposely avoided this here due to the complex nature of the
example, and to avoid straying from the JFileChooser topics central to its construction.

14.5.1 ZipInputStream

class java.util.zip.ZipInputStream

Thisclassrepresentsa filtered inputstream which uncompressesZIP archive data.The constructortakesan
instanceofInputStream asparameter.Beforereadingdatafrom thisstream weneedtofind aZIP fileentry
using the getNextEntry() method. Each entrycorrespondstoanarchivedfile.W ecanread() ananarray
ofbytes from an entry, and then close it using the closeEntry() method when reading is complete.

14.5.2 ZipOutputStream

class java.util.zip.ZipOutputStream

Thisclassrepresentsa filtered outputstream which takesbinary data and writesthem into an archive in the
compressed (default) or uncompressed (optional) form.The constructorofthis class takes an instance of
OutputStream asparameter.Beforewriting datato thisstream we need to create a new ZipEntry using
theputNextEntry() method.Each ZipEntry correspondsto an archived file.W ecanwrite() an array
ofbytesto aZipEntry,and close itusing thecloseEntry() method when writing iscomplete.W e can
also specify the compression method forstoring ZipEntrys using ZipOutputStream’s setMethod()
method.

14.5.3 ZipFile

class java.util.zip.ZipFile

Thisclassencapsulatesacollection of ZipEntrysand representsaread-only ZIP archive.W ecan fetch an
Enumeration ofthe contained ZipEntrysusing the entries() method.The size() method tellsus
how many files are contained and getName() returns the archive’s fullpath name.W e can retrieve an
InputStream forreading the contentsofa contained ZipEntry using itsgetInputStream() method.
W hen we are done reading we are expected to call the close() method to close the archive.

14.5.4 ZipEntry

class java.util.zip.ZipEntry

ThisclassrepresentsasinglearchivedfileordirectorywithinaZIP archive.Itallowsretrievalofitsnameand
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can be cloned using the clone() method.Using typicalset/getaccessors,we can access aZipEntry’s
compression method, CRC-32 checksum, size, modification time, compression method,and a comment
attachment. W e can also query whether or not a ZipEntry is a directory using its isDirectory() method.

14.5.5 The java.util.jar package

This package contains a set of classes for managing Java archives (JAR files). Therelevantclassesthatwewill
bedealing with (JarEntry,JarFile,JarInputStream,and JarOutputStream)aredirectsubclasses
of the zip package counterparts, and thus inherit the functionality described above.

14.5.6 M anifest

class java.util.jar.M anifest

ThisclassrepresentsaJAR Manifest file.A Manifest containsacollection ofnamesand theirassociated
attributesspecificboth forthearchivein wholeand foraparticularJarEntry (i.e.afileordirectory in the
archive).W earenotconcernedwiththedetailsofJAR manifestfilesinthischapter, anditsufficesto saythat
theJarOutputStream constructor takes a Manifest instance as parameter, along withanOutputStream.

In thisexample we create a simple,two-button GUIwith a statusbar(a label).One button correspondsto
creating a ZIP or JAR archive,and another corresponds to decompressing an archive.In each case two
JFileChoosersare used to perform the operation.The firstchooserisused to allow entry ofan archive
nametouse,orselectionofanarchivetodecompress.Thesecondchooserisusedtoallow selectionoffilesto
compressordecompress.(Asnoted above,more professionalimplementationswould mostlikely include a
more elaborate GUI.)A custom FileView classisused to representZIP and JAR archivesusing a custom
icon,and aFileFilter classisconstructedtoonlyallow viewingofZIP (“.zip”)andJAR (“.jar”)files.W e
alsoworkwithJFileChooser asacontainerbyaddingourowncustom component,takingadvantageofthe
factthatitusesa y-oriented BoxLayout to organizeitschildren.Using similartacticsweshow how to gain
accessto itsJList (used forthedisplayand selection offilesand directories)to allow multipleselection (an
unimplemented feature in JFileChooser as of Java 2 FCS).

Figure 14.12 ZIP/JAR M anager JFileChooser exam ple at startup.

<<file figure14-12.gif>>
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Figure 14.13 First step in creating an archive; using JFileChooser to select an archive location and nam e .

<<file figure14-13.gif>>

Figure 14.14 Second step in creating an archive; using JFileChooser to select archive content.

<<file figure14-14.gif>>
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Figure 14.15 First step in uncom pressing an archive; using a custom  com ponent in JFileChooser.

<<file figure14-15.gif>>

Figure 14.16 Second step in uncom pressing an archive; using JFileChooser to select a destination directory.

<<file figure14-16.gif>>



68

The Code: ZipJarM anager.java
see\Chapter14\4

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;
import java.util.zip.*;
import java.util.jar.*;
import java.beans.*;
import java.text.SimpleDateFormat;

import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.*;

public class ZipJarManager extends JFrame
{
  public static int BUFFER_SIZE = 10240;

  protected JFileChooser chooser1;
  protected JFileChooser chooser2;

  protected File  m_currentDir = new File(".");
  protected SimpleFilter m_zipFilter;
  protected SimpleFilter m_jarFilter;
  protected ZipFileView  m_view;

  protected JButton m_btCreate;
  protected JButton m_btExtract;
  protected JLabel  m_status;

  protected JList m_zipEntries;
  protected File  m_selectedFile;

  public ZipJarManager()
  {
    super("ZIP/JAR Manager");

    JWindow jwin = new JWindow();
    jwin.getContentPane().add(new JLabel(
      "Loading ZIP/JAR Manager...", SwingConstants.CENTER));
    jwin.setBounds(200,200,200,100);
    jwin.setVisible(true);

    chooser1 = new JFileChooser();
    chooser2 = new JFileChooser();

    JPanel p = new JPanel(new GridLayout(3, 1, 10, 10));
    p.setBorder(new EmptyBorder(10, 10, 10, 10)); 

    m_btCreate = new JButton("Create new Archive");
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        m_btCreate.setEnabled(false);
        m_btExtract.setEnabled(false);

   createArchive();
        m_btCreate.setEnabled(true);
        m_btExtract.setEnabled(true);
      }
    };
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    m_btCreate.addActionListener(lst);
    m_btCreate.setMnemonic('c');
    p.add(m_btCreate);

    m_btExtract = new JButton("Extract from Archive");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        m_btCreate.setEnabled(false);
        m_btExtract.setEnabled(false);
        extractArchive();
        m_btCreate.setEnabled(true);
        m_btExtract.setEnabled(true);
      }
    };
    m_btExtract.addActionListener(lst);
    m_btExtract.setMnemonic('e');
    p.add(m_btExtract);

    m_status = new JLabel();
    m_status.setBorder(new BevelBorder(BevelBorder.LOWERED, 
      Color.white, Color.gray));
    p.add(m_status);

    m_zipFilter = new SimpleFilter("zip", "ZIP Files");
    m_jarFilter = new SimpleFilter("jar", "JAR Files");
    m_view = new ZipFileView();

    chooser1.addChoosableFileFilter(m_zipFilter);
    chooser1.addChoosableFileFilter(m_jarFilter);
    chooser1.setFileView(m_view);
    chooser1.setMultiSelectionEnabled(false);
    chooser1.setFileFilter(m_jarFilter);

    javax.swing.filechooser.FileFilter ft = 
      chooser1.getAcceptAllFileFilter();
    chooser1.removeChoosableFileFilter(ft);

    getContentPane().add(p, BorderLayout.CENTER);
    setBounds(0,0,300,150);
    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

   jwin.setVisible(false);
    jwin.dispose();

    setVisible(true);
  }

  public void setStatus(String str) {
    m_status.setText(str);
    m_status.repaint();
  }

  protected void createArchive() {
    chooser1.setCurrentDirectory(m_currentDir);

chooser1.setDialogType(JFileChooser.SAVE_DIALOG);
    chooser1.setDialogTitle("New Archive");
    chooser1.setPreferredSize(new Dimension(450,300));
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    if (chooser1.showDialog(this, "OK") != 
      JFileChooser.APPROVE_OPTION)
        return;
    m_currentDir = chooser1.getCurrentDirectory();

    final File archiveFile = chooser1.getSelectedFile();
    if (!isArchiveFile(archiveFile))
      return;

    // Show chooser to select entries.
    chooser2.setCurrentDirectory(m_currentDir);
    chooser2.setDialogType(JFileChooser.OPEN_DIALOG);
    chooser2.setDialogTitle("Select content for " 
      + archiveFile.getName());
    chooser2.setMultiSelectionEnabled(true);
    chooser2.setFileSelectionMode(JFileChooser.FILES_ONLY);

    if (chooser2.showDialog(this, "Add") != 
      JFileChooser.APPROVE_OPTION)
        return;

    m_currentDir = chooser2.getCurrentDirectory();
    final File[] selected = getSelectedFiles(chooser2);

    String name = archiveFile.getName().toLowerCase();
    if (name.endsWith(".zip")) {
      Thread runner = new Thread() {
        public void run() {
          createZipArchive(archiveFile, selected);
        }
      };
      runner.start();
    }
    else if (name.endsWith(".jar")) {
      Thread runner = new Thread() {
        public void run() {
          createJarArchive(archiveFile, selected);
        }
      };
      runner.start();
    }
  }

  protected void createZipArchive(File archiveFile,
   File[] selected) {
    try {
      byte buffer[] = new byte[BUFFER_SIZE];

      // Open archive file.
      FileOutputStream stream = 
        new FileOutputStream(archiveFile);
      ZipOutputStream out = new ZipOutputStream(stream);

      for (int k=0; k<selected.length; k++) {
        if (selected[k]==null || !selected[k].exists() ||
          selected[k].isDirectory())
            continue;  // Just in case...
        setStatus("Adding "+selected[k].getName());

        // Add archive entry.
        ZipEntry zipAdd = new ZipEntry(selected[k].getName());
        zipAdd.setTime(selected[k].lastModified());
        out.putNextEntry(zipAdd);
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        // Read input & write to output.
        FileInputStream in = new FileInputStream(selected[k]);
        while (true) {
          int nRead = in.read(buffer, 0, buffer.length);
          if (nRead <= 0)
            break;
          out.write(buffer, 0, nRead);
        }
        in.close();
      }

      out.close();
      stream.close();
      setStatus("Adding completed OK");
    }
    catch (Exception e) {
      e.printStackTrace();
      setStatus("Error: "+e.getMessage());
      return;
    }
  }

  protected void createJarArchive(
   File archiveFile, File[] selected) {
    try {
      byte buffer[] = new byte[BUFFER_SIZE];

      // Open archive file.
      FileOutputStream stream = 
        new FileOutputStream(archiveFile);
      JarOutputStream out = new JarOutputStream(stream, 
        new Manifest());

      for (int k=0; k<selected.length; k++) {
        if (selected[k]==null || !selected[k].exists() || 
          selected[k].isDirectory())
            continue;  // Just in case...
        setStatus("Adding "+selected[k].getName());

        // Add archive entry.
        JarEntry jarAdd = new JarEntry(selected[k].getName());
        jarAdd.setTime(selected[k].lastModified());
        out.putNextEntry(jarAdd);

        // Write file to archive
        FileInputStream in = new FileInputStream(selected[k]);
        while (true) {
          int nRead = in.read(buffer, 0, buffer.length);
          if (nRead <= 0)
            break;
          out.write(buffer, 0, nRead);
        }
        in.close();
      }

      out.close();
      stream.close();
      setStatus("Adding completed OK");
    }
    catch (Exception ex) {
      ex.printStackTrace();
      setStatus("Error: "+ex.getMessage());
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    }
  }

  protected void extractArchive() {
    chooser1.setCurrentDirectory(m_currentDir); 
    chooser1.setDialogType(JFileChooser.OPEN_DIALOG);
    chooser1.setDialogTitle("Open Archive");
    chooser1.setPreferredSize(new Dimension(470,450));

    // Construct a JList to show archive entries.
    m_zipEntries = new JList();
    m_zipEntries.setSelectionMode(
      ListSelectionModel.MULTIPLE_INTERVAL_SELECTION);
    TabListCellRenderer renderer = new TabListCellRenderer();
    renderer.setTabs(new int[] {240, 300, 360});
    m_zipEntries.setCellRenderer(renderer);

    // Place entries list in a scroll pane and add it to chooser.
    JPanel p = new JPanel(new BorderLayout());
    p.setBorder(new CompoundBorder(
      new CompoundBorder(
        new EmptyBorder(5, 5, 5, 5),
        new TitledBorder("Files to extract:")),
      new EmptyBorder(5,5,5,5)));
    JScrollPane ps = new JScrollPane(m_zipEntries);
    p.add(ps, BorderLayout.CENTER);
    chooser1.add(p);

    PropertyChangeListener lst = new PropertyChangeListener() {
      SimpleDateFormat m_sdf = new SimpleDateFormat(
        "MM/dd/yyyy hh:mm a");
      DefaultListModel m_emptyModel = new DefaultListModel();

      public void propertyChange(PropertyChangeEvent e) {
        if (e.getPropertyName() == 
         JFileChooser.FILE_FILTER_CHANGED_PROPERTY) {
          m_zipEntries.setModel(m_emptyModel);
          return;
        }
        else if (e.getPropertyName() ==
         JFileChooser.SELECTED_FILE_CHANGED_PROPERTY) {

 File f = chooser1.getSelectedFile();
          if (f != null) {
            if (m_selectedFile!=null && m_selectedFile.equals(f)
             && m_zipEntries.getModel().getSize() > 0) {
              return;
            }

            String name = f.getName().toLowerCase();
            if (!name.endsWith(".zip") && !name.endsWith(".jar")) {
              m_zipEntries.setModel(m_emptyModel);
              return;
            }

            try {
              ZipFile zipFile = new ZipFile(f.getPath());
              DefaultListModel model = new DefaultListModel();
              Enumeration en = zipFile.entries();
              while (en.hasMoreElements()) {
                ZipEntry zipEntr = (ZipEntry)en.nextElement();
                Date d = new Date(zipEntr.getTime());
                String str = zipEntr.getName()+'\t'+
                  zipEntr.getSize()+'\t'+m_sdf.format(d);
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                model.addElement(str);
              }
              zipFile.close();
              m_zipEntries.setModel(model);
              m_zipEntries.setSelectionInterval(0, 
                model.getSize()-1);
            }
            catch(Exception ex) {
              ex.printStackTrace();
              setStatus("Error: "+ex.getMessage());
            }

     }
        }
        else {
          m_zipEntries.setModel(m_emptyModel);
          return;
        }
      }
    };
    chooser1.addPropertyChangeListener(lst);
    chooser1.cancelSelection();

    if (chooser1.showDialog(this, "Extract") != 
     JFileChooser.APPROVE_OPTION) {
      chooser1.remove(p);
      chooser1.removePropertyChangeListener(lst);
      return;
    }
    m_currentDir = chooser1.getCurrentDirectory();
    final File archiveFile = chooser1.getSelectedFile();

    if (!archiveFile.exists() || !isArchiveFile(archiveFile)) {
      chooser1.remove(p);
      chooser1.removePropertyChangeListener(lst);
      return;
    }

    Object[] selObj = m_zipEntries.getSelectedValues();
    if (selObj.length == 0) {
      setStatus("No entries have been selected for extraction");
      chooser1.removePropertyChangeListener(lst);
      chooser1.remove(p);
      return;
    }
    final String[] entries = new String[selObj.length];
    for (int k=0; k<selObj.length; k++) {
      String str = selObj[k].toString();
      int index = str.indexOf('\t');
      entries[k] = str.substring(0, index);
    }

    // Show dialog to select output directory.
    chooser2.setCurrentDirectory(m_currentDir);
    chooser2.setDialogType(JFileChooser.OPEN_DIALOG);
    chooser2.setDialogTitle("Select destination directory for " 
      + archiveFile.getName());
    chooser2.setMultiSelectionEnabled(false);
    chooser2.setFileSelectionMode(JFileChooser.DIRECTORIES_ONLY);

    if (chooser2.showDialog(this, "Select") != 
 JFileChooser.APPROVE_OPTION) {

      chooser1.remove(p);
      chooser1.removePropertyChangeListener(lst);
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      return;
    }

    m_currentDir = chooser2.getCurrentDirectory();
    final File outputDir = chooser2.getSelectedFile();

    Thread runner = new Thread() {
      public void run() {
        try {
          byte buffer[] = new byte[BUFFER_SIZE];

          // Open the archive file.
          FileInputStream stream = 
            new FileInputStream(archiveFile);
          ZipInputStream in = new ZipInputStream(stream);

          // Find archive entry.
          while (true) {
            ZipEntry zipExtract = in.getNextEntry();
            if (zipExtract == null)
              break;
            boolean bFound = false;
            for (int k=0; k<entries.length; k++) {
              if (zipExtract.getName().equals(entries[k])) {
                bFound = true;
                break;
              }
            }
            if (!bFound) {
              in.closeEntry();
              continue;
            }
            setStatus("Extracting " + zipExtract.getName());

            // Create output file and check required directory.
            File outFile = new File(outputDir, 
              zipExtract.getName());
            File parent = outFile.getParentFile();
            if (parent != null && !parent.exists())
              parent.mkdirs();

            // Extract unzipped file.
            FileOutputStream out = new FileOutputStream(outFile);
            while (true) {

       int nRead = in.read(buffer, 0, buffer.length);
              if (nRead <= 0)
                break;
              out.write(buffer, 0, nRead);
            }
            out.close();
            in.closeEntry();
          }

          in.close();
       stream.close();

          setStatus("Extracting completed OK");
        }
        catch (Exception ex) {
          ex.printStackTrace();
          setStatus("Error: "+ex.getMessage());
        }
      }
    };
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    runner.start();
    chooser1.removePropertyChangeListener(lst);
    chooser1.remove(p);
  }

  public static File[] getSelectedFiles(JFileChooser chooser) {
    // Although JFileChooser won't give us this information,
    // we need it...
    Container c1 = (Container)chooser.getComponent(3);
    JList list = null;
    while (c1 != null) {
      Container c = (Container)c1.getComponent(0);
      if (c instanceof JList) {
        list = (JList)c;
        break;
      }
      c1 = c;
    }
    Object[] entries = list.getSelectedValues();
    File[] files = new File[entries.length];
    for (int k=0; k<entries.length; k++) {
      if (entries[k] instanceof File)
        files[k] = (File)entries[k];
    }
    return files;
  }

  public static boolean isArchiveFile(File f) {
    String name = f.getName().toLowerCase();
    return (name.endsWith(".zip") || name.endsWith(".jar"));
  }

  public static void main(String argv[]) {
    new ZipJarManager();
  }
}

class SimpleFilter extends javax.swing.filechooser.FileFilter
{
  private String m_description = null;
  private String m_extension = null;

  public SimpleFilter(String extension, String description) {
    m_description = description;
    m_extension = "."+extension.toLowerCase();
  }

  public String getDescription() {
    return m_description;
  }

  public boolean accept(File f) {
    if (f == null) 
      return false;
    if (f.isDirectory())
      return true;
    return f.getName().toLowerCase().endsWith(m_extension);
  }
}

class ZipFileView extends javax.swing.filechooser.FileView
{
  protected static ImageIcon ZIP_ICON = new ImageIcon("zip.gif");



76

  protected static ImageIcon JAR_ICON = new ImageIcon("jar.gif");

  public String getName(File f) {
    String name = f.getName();
    return name.equals("") ? f.getPath() : name;
  }

  public String getDescription(File f) {
    return getTypeDescription(f);
  }

  public String getTypeDescription(File f) {
    String name = f.getName().toLowerCase();
    if (name.endsWith(".zip"))
      return "ZIP Archive File";
    else if (name.endsWith(".jar"))
      return "Java Archive File";
    else
      return "File";
  }

  public Icon getIcon(File f) {
    String name = f.getName().toLowerCase();
    if (name.endsWith(".zip"))
      return ZIP_ICON;
    else if (name.endsWith(".jar"))
      return JAR_ICON;
    else
      return null;
  }

  public Boolean isTraversable(File f) {
    return (f.isDirectory() ? Boolean.TRUE : Boolean.FALSE);
  }
}

// Class TabListCellRenderer is taken from Chapter 10,
// section 10.3 without modification.

Understanding the Code

Class ZipJarM anager

ThisclassextendsJFrame to provideavery simpleGUIforourZIP/JAR archivemanagerapplication.One
classvariable is defined:

int BUFFER_SIZE: used to define the size of an array of bytes for reading and writing files.

Instancevariables:

JFileChooser chooser1: file chooser used to select an archive for creation or extraction.

JFileChooser chooser2:filechooserused to selectfilesto includeorin an archiveorfilesto extract
from an archive.

File m_currentDir: the currently selected directory.

SimpleFilter m_zipFilter: filter for files with a “.zip” extension. 

SimpleFilter m_jarFilter: filter for files with a “.jar”extension.

ZipFileView m_view: a custom FileView implementation for JAR and ZIP files.

JButton m_btCreate: initiates the creation of an archive.
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JButton m_btExtract: initiates extraction from an archive.

JLabel m_status: label do display status messages.

JList m_zipEntries: list component to display an array of entries in an archive.

File m_selectedFile: the currently selected archive file.

The ZipJarManager constructorfirstcreatesand displaysa simpleJWindow splash screen to letthe user
know thattheapplication isloading (aprogressbarmightbemoreeffectivehere,butwewantto stick to the
point).Ourtwo JFileChoosersarethen instatiated,which takesasignificantamountoftime,and then the
buttonsandlabelarecreated,encapsulatedinaJPanel usingaGridLayout,andaddedtothecontentpane.
The first button titled "Create new Archive" is assigned an ActionListener which invokes
createArchive().The second button titled "Extractfrom Archive" is assigned an ActionListener
which invokes extractArchive().Ourcustom SimpleFilters and FileView are then instantiated,
andassignedtochooser1.W ethensetchooser1’smultiSelectionEnabled propertytofalse,tellit
to usetheJAR filterinitially,and removethe“AllFiles” filter.Finally,thesplash window isdisposed before
FileChooser1 is madevisible.

ThesetStatus() method simply assigns a givenString to the m_status label.

The createArchive() method isused to createanew archivefileusing bothJFileChoosers.Firstwe
setchooser1’stitle to "New Archive",itstype to SAVE_DIALOG,and assign ita new preferred size (the
reason wechangeitssizewillbecomeclearbelow).Then weshow chooser1 in adialog to prompttheuser
foranew archivename.Ifthedialogisdismissed bypressing“Cancel” ortheclosebutton wedo nothing and
return.Otherwisewestorethecurrentdirectory in ourm_currentDir instance variable and create aFile
instance corresponding to the file specified in the chooser.

Interestingly,JFileChooser does notcheck whetherthe filename entered in its textfield is valid with
respectto itsfilterswhen the approve button pressed.So we are forced to check ifourFile‘sname hasa
“.zip” or “.jar” extension manually using ourcustom isArchiveFile() method.Ifthis method returns
false wedonothingandreturn.Otherwisewesetupchooser2 toallow multipleselectionsto makeup the
contentof the archive,and only allow file selections (by setting the fileSelectionMode property to
FILES_ONLY)toavoidovercomplicatingourarchiveprocessingscheme.Alsonotethatwesetthedialogtitle
to specify the name of the archive we are creating.

W e use JFileChooser‘sshowDialog() method to displaychooser2 in a JDialog andassign “Add” as
itsapprovebutton text.Iftheapprovebutton isnotpressed wedo nothing and return.Otherwisewecreatean
array ofFilesto beplaced in thespecified archiveusing ourcustom getSelectedFiles() method (see
below).Finally,we invoke ourcreateZipArchive() method if the selected archive file has a “.zip”
extension,orcreateJarArchive() ifithasa“.jar” extension.Thesemethod callsarewrapped in separate
threads to avoid clogging up the event dispatching thread.

ThecreateZipArchive() method takestwo parameters:aZIP archivefileand an array ofthefilesto be
added to thearchive.ItcreatesaZipOutputStream to writetheselected archivefile.Then foreach offiles
in the given array it creates a ZipEntry instance,placesitintheZipOutputStream,andperformsstandard
read/write operationsuntilalldata hasbeen written into the archive.The statuslabelisupdated,using our
setStatus() method,each time a file iswritten and when the operation completes,to provide feedback
duing long operations. 

The createJarArchive() method works almost identically to createZipArchive(), using the
corresponding java.util.jar classes. Note that a default Manifest instance is supplied to the
JarOutputStream constructor.
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The extractArchive() method extractsdata from an archive file using bothJFileChoosers.Firstwe
assignchooser1 apreferredsizeof470x450becausewewillbeadding acustom componentwhich requires
a bit more space than JFileChooser normally offers (this is also why we set the preferred size of
chooser1 in ourcreateArchive() method).Since JFileChooser isderived from JComponent,we
can add ourown componentsto itjustlike any othercontainer.A quick look atthe source code showsthat
JFileChooser uses a y-oriented BoxLayout. This implies that new components added to a
JFileChooser will be placed below all other existing components (see chapter 4 for more about
BoxLayout).

W e take advantage ofthisknowledge and add aJList component,m_zipEntries,to allow selection of
compressed entriesto beextracted from theselected archive.ThisJList componentreceivesan instanceof
ourcustom TabListCellRenderer as its cellrendererto process Strings with tabs (see chapter10,
section 10.3).The location ofString segmentsbetween tabs are assigned using itssetTabs() method.
Finally,thislistisplaced in aJScrollPane to providescrolling capabilities,and added to thebottom ofthe
JFileChooser component.

A PropertyChangeListener isaddedtochooser1 toprocesstheuser'sselection.Thisanonymousclass
maintains two instance variables:

SimpleDateFormat m_sdf: used to format file time stamps.

DefaultListModel m_emptyModel:assigned to m_zipEntrieswhen non-archive filesare selected,or
when the file filter is changed.

This listener’s propertyChange() method willreceive a PropertyChangeEvent when,among other
things, chooser1’s selection changes. The selected file can then be retrieved using
PropertyChangeEvent’s getNewValue() method.If this file represents a ZIP or JAR archive,our
implementation creates a ZipFile instance to read it's content, and retrieves an Enumeration of
ZipEntries in this archive (recall that JarFile and JarEntry are subclasses of ZipFile and
ZipEntry,allowingustodisplaythecontentsofaJAR oraZIP archiveidentically).Foreachentryweform
a String containing that entry's name, size, and time stamp. This String is added to a
DefaultListModel instance.Aftereach entry hasbeen processed,thismodelisassign to ourJList,and
all items are initially selected. The user can then modify the selection to specify entries to beextractedfrom the
archive.

Once the PropertyChangeListener is added,chooser1 is displayed with “Extract” as its approve
button text. If it is dismissed we remove both the panel containing our list component and the
PropertyChangeListener,astheyareonlytemporaryadditions(rememberthatweusethissamechooser
to initiate creation ofan archive in the createArchive() method).Otherwise,ifthe approve button is
pressed we check whether the selected file exists and represents an archive.W e then create an array of
Objectscorresponding to each selected item in ourlist(which areStrings).Ifno itemsare selected we
reportanerrorinourstatuslabel,removeourtemporarycomponentand listener,and return.Then weform an
array ofentry namescorresponding to each selected item (which isthe portion ofeachString before the
appearance of the first tab character).

Now we need to select adirectorytobeusedtoextracttheselectedarchiveentries.W eusechooser2 forthis
purpose. W e set its fileSelectionMode property to DIRECTORIES_ONLY,andallow onlysingleselection
by setting itsmultiSelectionEnabled property to false.W ethen show chooser2 using “Select” for
itsapprove button text.Ifitisdismissed we remove ourourtemporary componentand listener,and return.
Otherwise we start the extraction process in a separate thread. 

To begin the extraction process we create a ZipInputStream toreadfrom theselectedarchivefile.Thenwe
process each entry in the archive by retrieving a corresponding ZipEntry and verifying whether each
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ZipEntry’snamematchesaString in ourpreviously obtained array ofselected file names(from ourlist
componentthatwasaddedtochooser1).IfamatchisfoundwecreateaFile instancetowritethatentryto.
Ifa ZipEntry includes sub-directories,we create these sub-directories using File’s mkdirs() method.
Finally we perform standard read/write operationsuntilallfileshave been extracted from the archive.Note
that we update the status label each time a file is extracted and when the opertion completes.

ThegetSelectedFiles() method takesaJFileChooser instanceasparameterand returnsan array of
Files selected in the given chooser’s list. Interestingly JFileChooser provides the
getSelectedFiles() methodwhichdoesnotworkproperlyasofJava2 FCS (italwaysreturnsnull).In
orderto work around thisproblem,we usejava.awt.Container functionality (which,aswe know,all
Swing componentsinherit)to gain accesstoJFileChooser’scomponents.W ith alittledetectivework we
found thatthe componentwith index 3 representsthe centralpartofthe chooser.Thiscomponentcontains
severalchildren nested insideoneanother.Oneofthesechild componentsistheJList componentweneed
access to in order to determine the currentselection state.So we can simply loop through these nested
containersuntilwefind theJList.Assoon aswehavegained accessto thiscomponentwecan retrievean
arrayoftheselectedobjectsusingJList’sgetSelectedValues() method.Asexpected,theseobjectsare
instances of the File class, so we need only upcast each and return them in a File[] array.

Note:Thissolution should be considered a temporary bug workaround.W e expectthe getSelectedFiles()
methodtobeimplementedcorrectlyin futurereleases,and suggestthatyou trysubstituting thismethod hereto
determinewhether it has been fixed in the release you are workingwith.

Class SimpleFilter

ThisclassrepresentsabasicFileFilter thatacceptsfileswith agivenString extension,and displaysa
given String description in JFileChooser’s “Files of Type” combo box.W e have already seen and
discussed thisfilterin section 14.1.9.Itisused hereto createourJAR and ZIP filtersin theFileChooser1
constructor.

Class ZipFileView

ThisclassextendsFileView toprovideamoreuser-friendlygraphicalrepresentationofZIP andJAR filesin
JFileChooser.Two instance variables,ImageIcon ZIP_ICON and ImageIcon JAR_ICON,represent

smallimagescorresponding to each archive type: ,jar.gif & ,zip.gif.Thisclassisa straight-
forward adaptation of the sampleFileView class presented in section 14.1.11.

Running the Code

Note thata JWindow isdisplayed asa simple splash screen because instantiation JFileChooser takesa
significantamountoftime.Pressthe“Createnew Archive” button and selectanameand location forthenew
archivefileinthefirstfilechooserthatappears.Pressits“OK” button and then selectfilesto beadded to that
archive in the second chooser.Figure 14.12 showsFileChooser1 in action,and figures14.13 and 14.14
show the first and second choosers that appear during the archive creation process.

Tryuncompressinganexistingarchive.Pressthe“Extractfrom Archive” buttonand selectan existing archive
filein thefirstchooserthatappears.Notethecustom listcomponentdisplayed in thebottom ofthischooser,
figure14.15illustrates.Eachtimean archiveisselected itscontentsaredisplayed in thislist.Selectentriesto
extract and press the “Extract” button. A second chooser will appear, shown infigure14.16,allowingselection
of a destination directory.

Bug Alert!: As of Java 2 FCS, PropertyChangeEvents are not always fired as expected when
JFileChooser’s selection changes. This causes the updating of our custom list component to fail
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occasionaly. W e expect this to be fixed in a future release.

Part III - Advanced Topics
Inchapters15through21wediscussthemostadvancedSwingcomponentsandtheclassesandinterfacesthat
supportthem.W e startwith JLayeredPane in chapter15,and implement ourown M DIinternalframe
componentfrom scratch.Chapter16 isaboutJDesktopPane and JIntenalFrame,the M DIcomponents
thatship with Swing.This chapterculminates with the implementation ofa multi-usernetworked desktop
environment.Chapters17 and 18 discussthepowerfuland intricatetreeand tablecomponents.Among other
examples,weshow how to build adirectory browserusing thetree component,and a sortable,JDBC-aware
stocks application using the table component.Chapter19 continues with textcomponentcoverage where
chapter11 leftoff,and discussesthem atamuch lowerlevel.Chapter20 isthemostadvanced chapterin this
book and presents a complete RTF word processor application using JTextPane and severalpowerful
custom dialogsused tomanagefonts,paragraph formatting,find and replace,and spellchecking.Chapter21
discussesthepluggablelook-and-feelarchitecturein detailand presentsthecontstruction ofourown custom
LookAndFeel implementation. This chapter includes examples showing how to implement custom
componentsupportforexisting and third party L&Fs,and custom L&F supportforboth existing and custom
components.

Chapter 15. Layered Panes and custom 
M DI
In this chapter:

• JLayeredPane

• Using JLayeredPane to enhance interfaces

• Creating a custom M DI: part I- Dragging panels

• Creating a custom M DI: part II- Resizability

• Creating a custom M DI: part III- Enhancements

• Creating a custom M DI: part IV - Selection and management

• Creating a custom M DI: part V - JavaBeans compliance

15.1 JLayeredPane

class javax.swing.JLayeredPane

JLayeredPane isoneofthemostpowerfuland robustcomponentsin theSwing package.Itisa container
with apractically infinitenumberoflayersin which componentscan reside.Notonly isthereno limit to the
number or type of components in each layer, but components can overlap one another.
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Components within eachlayerofaJLayeredPane areorganizedbyposition.W henoverlappingisnecessary
those components with a higher valued position are displayed under those with a lowervalued position.
However,components in higher layers are displayed over allcomponents residing in lower layers.Itis
important to get this overlapping hierarchy down early, as it can often be confusing. 

Position isnumbered from -1 to thenumberofcomponentsin thelayerminusone.IfwehaveN components
in a layerthen the componentatposition 0 willoverlap the componentatposition 1,and the componentat
position 1 willoverlap the componentatposition 2,etc.The lowestposition is N-1.Note thatposition -1
represents the same position as N-1.Figure 15.1 illustrates position within a layer.

Figure 15.1   Position of com ponents w ithin a layer.

<<file figure15-1.gif>>

Thelayeracomponentresidesatisoften referred to asitsdepth.(Notethatheavyweightcomponentscannot
conform to thisnotion ofdepth--seechapter1 formoreaboutthis.)Each layerisrepresented byanInteger
object (whereas the position of a component within each layer is represented by an int value). The
JLayeredPane classdefinessix differentInteger objectconstantsrepresenting,whatareintended to be,
commonly used layers:FRAME_CONTENT_LAYER,DEFAULT_LAYER,PALETTE_LAYER,MODAL_LAYER,
POPUP_LAYER, and DRAG_LAYER.

Figure 15.2 illustrates the six standard layers and their overlap hierarchy.

Figure 15.2. The JLayeredPane standard layers

<<file figure15-2.gif>>

W e have discussed a component’s layer and position within a layer. There is also another valueassociatedwith
each componentwithin aJLayeredPane.Thisvalueiscalled theindex.Theindex isthesameasposition if
wewereto ignorelayers.Thatis,componentsareassigned indicesby starting from position 0 in thehighest
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layerandcountingupwardinpositionand downward inlayeruntilalllayershavebeen exhausted.Thelowest
componentin the lowestlayer willhave index M -1,where M is the totalnumber of components in the
JLayeredPane.Similarto position,an index of-1 meansthebottom-mostcomponent.(Notethattheindex
isreally acombination acomponent’slayerand position.Assuch thereare no methodsto directly change a
component’sindexwithinJLayeredPane.Althoughwecanalwaysqueryacomponentforitscurrentindex.)

There are three waysto add a componentto a JLayeredPane.(Note thatthere isno add method defined
withinJLayeredPane itself.) EachmethodusedtoaddacomponenttoaJLayeredPane isdefinedwithin
theContainer class (see API docs). 

1. W ecan add acomponentto aJLayeredPane using theadd(Component component) method.
This places the component in the layer represented by the Integer object with value 0,the
DEFAULT_LAYER.

2. To add a component to a specific layer of a JLayeredPane we use the add(Component
component, Object obj) method.W e passthismethod ourcomponentand an Integerobject
representing thedesired layer.Forlayer10 wewould passit:new Integer(10).Ifwewanted to
place iton one ofthe standard layers,forinstance the POPUP_LAYER,we could instead pass it
JLayeredPane.POPUP_LAYER.

3. Toaddacomponenttoaspecificpositionwithinaspecificlayerwewouldusetheadd(Component
component, Object obj, int index) method. W heretheobjectisspecified asabove,and
the int is the value representing the component’s position with the layer.

15.2 Using JLayeredPane to enhance interfaces
As we mentioned early in chapter 4,JLayeredPane can sometimes come in handy when we wantto
manually position and size components.Because it’slayoutisnull,itisnotprone to the effectsofresizing.
Thus,whenitsparentisresized,alayeredpane’schildrenwillstayinthesamepositionandmaintainthesame
size.(W esaw asimpleexampleofthisin thebeginning ofchapter6.)However,thereareotherwaysto use
JLayeredPane intypicalinterfaces.Forinstance,wecaneasilyplaceanicebackgroundimagebehindallof
our components, giving life to an otherwise dull-looking panel.

Figure 15.3. The JLayeredPane standard layers

<<file figure15-3.gif>>

The Code: TestFram e.java
see\Chapter15\1

import javax.swing.*;
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import java.awt.*;
import java.awt.event.*;

public class TestFrame extends JFrame 
{
  public TestFrame() {
    super("JLayeredPane Demo");
    setSize(256,256);

    JPanel content = new JPanel();
    content.setLayout(new BoxLayout(content, BoxLayout.Y_AXIS));
    content.setOpaque(false);

    JLabel label1 = new JLabel("Username:");
    label1.setForeground(Color.white);
    content.add(label1);

    JTextField field = new JTextField(15);
    content.add(field);

    JLabel label2 = new JLabel("Password:");
    label2.setForeground(Color.white);
    content.add(label2);

    JPasswordField fieldPass = new JPasswordField(15);
    content.add(fieldPass);

    getContentPane().setLayout(new FlowLayout());
    getContentPane().add(content);
    ((JPanel)getContentPane()).setOpaque(false);

    ImageIcon earth = new ImageIcon("earth.jpg");
    JLabel backlabel = new JLabel(earth);
    getLayeredPane().add(backlabel, 
      new Integer(Integer.MIN_VALUE));
    backlabel.setBounds(0,0,earth.getIconWidth(),
      earth.getIconHeight());

    WindowListener l = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(l);

    setVisible(true);
  }

  public static void main(String[] args) {
    new TestFrame();
  }
}

M ostofthis code should look familiar.W e extend JFrame and create a new JPanel with a y-oriented
BoxLayout.W emakethispanelnon-opaqueso ourbackground imagewillshow through,then weadd four
simplecomponents:twoJLabels,aJTextField,and aJPasswordField.W ethen setthelayoutofthe
contentPane to FlowLayout (rememberthatthecontentPane hasaBorderLayout by default),and
add ourpanelto it.W ealso setthecontentPane’sopaque property to false ensuring thatourbackground
willshow through thispanelaswell.FinallywecreateaJLabel containing ourbackground image,add itto
ourJFrame’slayeredPane, and set its bounds based on the background image’s size.
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15.3 Creatinga custom M DI: part I - Dragging panels
JDesktopPane, Swing’s version of a multiple document interface (M DI), is the prime example of a
complicated layering environmentderived from JLayeredPane.One ofthe bestwaysto fully leverage the
power of JLayeredPane is through the constructionofourownM DIenvironmentfrom scratch.W ewillend
up with a powerfuldesktop environmentthatwe understand from the inside outand have complete control
over.Thecentralcomponentwewillbedeveloping,InnerFrame,willultimately immitatethefunctionality
of JInternalFrame (discussed in the next chapter).In chapter 21,we will continue to develop this
componentby adding supportforallthemajorlook-and-feels,aswellasourown custom look-and-feel.The
next five sections are centered around this component’s construction and proceed in a stepwise fashion. 

Note:Dueto thecomplexityoftheseexamples,wesuggestyou havesometimeon yourhandsbeforeattempting to
understand each part.Some fragmentsare too mathematically dense (although notrigorousby any means)to
warrant exaustive explanation.Inthesecasesweexpectthereadertoeithertrustthatitdoeswhatwesayitdoes,
or bite the bullet and plunge through the code.

W estartourconstruction ofInnerFrame byimplementing movable,closeable,and iconifiablefunctionality.
LayeredPaneDemo is a simple class we willuse throughouteach stage ofdevelopment(with very few
modifications) to load severalInnerFrames and place them in a JLayeredPane.

Figure 15.4. Custom  M DI: part I

<<file figure15-4.gif>>

The Code: LayeredPaneDem o.java
see\Chapter15\2

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;

import mdi.*;

public class LayeredPaneDemo extends JFrame
{
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  public LayeredPaneDemo()
  {
    super("Custom MDI: Part I");
    setSize(570,400);
    getContentPane().setBackground(new Color(244,232,152));

    getLayeredPane().setOpaque(true);

    InnerFrame[] frames = new InnerFrame[5];
    for(int i=0; i<5; i++) {
      frames[i] = new InnerFrame("InnerFrame " + i);
      frames[i].setBounds(50+i*20, 50+i*20, 200, 200);
      getLayeredPane().add(frames[i]);
    }

    WindowListener l = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);

  }
    };

    Dimension dim = getToolkit().getScreenSize();
    setLocation(dim.width/2-getWidth()/2,
      dim.height/2-getHeight()/2);

    ImageIcon image = new ImageIcon("spiral.gif");
    setIconImage(image.getImage());
    addWindowListener(l);

  setVisible(true);
  }

  public static void main(String[] args) {
    new LayeredPaneDemo();
  }
}

The Code: InnerFram e.java
see\Chapter15\2\m di

package mdi;

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.EmptyBorder;

public class InnerFrame 
extends JPanel
{
  private static String IMAGE_DIR = "mdi" + java.io.File.separator;
  private static ImageIcon ICONIZE_BUTTON_ICON = 
    new ImageIcon(IMAGE_DIR+"iconize.gif");
  private static ImageIcon RESTORE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"restore.gif");
  private static ImageIcon CLOSE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"close.gif");
  private static ImageIcon PRESS_CLOSE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"pressclose.gif");
  private static ImageIcon PRESS_RESTORE_BUTTON_ICON = 
    new ImageIcon(IMAGE_DIR+"pressrestore.gif");
  private static ImageIcon PRESS_ICONIZE_BUTTON_ICON =
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    new ImageIcon(IMAGE_DIR+"pressiconize.gif");
  private static final int WIDTH = 200;
  private static final int HEIGHT = 200;
  private static final int TITLE_BAR_HEIGHT = 25;
  private static Color TITLE_BAR_BG_COLOR = 
    new Color(108,190,116);

  private String m_title;
  private JLabel m_titleLabel;

  private boolean m_iconified;

  private JPanel m_titlePanel; 
  private JPanel m_contentPanel;
  private JPanel m_buttonPanel; 
  private JPanel m_buttonWrapperPanel;

  private InnerFrameButton m_iconize;
  private InnerFrameButton m_close;

  public InnerFrame(String title) {
    m_title = title;
    setLayout(new BorderLayout());
    createTitleBar();
    m_contentPanel = new JPanel();
    add(m_titlePanel, BorderLayout.NORTH);
    add(m_contentPanel, BorderLayout.CENTER);
  }

  public void toFront() {
    if (getParent() instanceof JLayeredPane)
      ((JLayeredPane) getParent()).moveToFront(this);
  }

  public void close() {
    if (getParent() instanceof JLayeredPane) {
      JLayeredPane jlp = (JLayeredPane) getParent();
      jlp.remove(InnerFrame.this);
      jlp.repaint();
    }
  }

  public void setIconified(boolean b) {
    m_iconified = b;
    if (b) {
      setBounds(getX(), getY(), WIDTH, TITLE_BAR_HEIGHT);
      m_iconize.setIcon(RESTORE_BUTTON_ICON);
      m_iconize.setPressedIcon(PRESS_RESTORE_BUTTON_ICON);
   }

    else {
      setBounds(getX(), getY(), WIDTH, HEIGHT);
      m_iconize.setIcon(ICONIZE_BUTTON_ICON);
      m_iconize.setPressedIcon(PRESS_ICONIZE_BUTTON_ICON);
      revalidate();
    }
  }

  public boolean isIconified() {
    return m_iconified;
  }

  ////////////////////////////////////////////
  //////////////// Title Bar /////////////////
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  ////////////////////////////////////////////

  // create the title bar m_titlePanel
  public void createTitleBar() {
    m_titlePanel = new JPanel() {

    public Dimension getPreferredSize() {
        return new Dimension(InnerFrame.WIDTH, 
          InnerFrame.TITLE_BAR_HEIGHT);
      }
    };
    m_titlePanel.setLayout(new BorderLayout());
    m_titlePanel.setOpaque(true);
    m_titlePanel.setBackground(TITLE_BAR_BG_COLOR);

    m_titleLabel = new JLabel(m_title);
    m_titleLabel.setForeground(Color.black);

    m_close = new InnerFrameButton(CLOSE_BUTTON_ICON);
    m_close.setPressedIcon(PRESS_CLOSE_BUTTON_ICON);
    m_close.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        InnerFrame.this.close();
      }
    });

    m_iconize = new InnerFrameButton(ICONIZE_BUTTON_ICON);
    m_iconize.setPressedIcon(PRESS_ICONIZE_BUTTON_ICON);
    m_iconize.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        InnerFrame.this.setIconified(
          !InnerFrame.this.isIconified());
      }
    });

    m_buttonWrapperPanel = new JPanel();
    m_buttonWrapperPanel.setOpaque(false);
    m_buttonPanel = new JPanel(new GridLayout(1,2));
    m_buttonPanel.setOpaque(false);
    m_buttonPanel.add(m_iconize);
    m_buttonPanel.add(m_close);
    m_buttonPanel.setAlignmentX(0.5f);
    m_buttonPanel.setAlignmentY(0.5f);
    m_buttonWrapperPanel.add(m_buttonPanel);

    m_titlePanel.add(m_titleLabel, BorderLayout.CENTER);
    m_titlePanel.add(m_buttonWrapperPanel, BorderLayout.EAST);

    InnerFrameTitleBarMouseAdapter iftbma = 
      new InnerFrameTitleBarMouseAdapter(this);
    m_titlePanel.addMouseListener(iftbma);
    m_titlePanel.addMouseMotionListener(iftbma);
  }

  // title bar mouse adapter for frame dragging
  class InnerFrameTitleBarMouseAdapter 
  extends MouseInputAdapter
  {
    InnerFrame m_if;
    int m_XDifference, m_YDifference;
    boolean m_dragging;

    public InnerFrameTitleBarMouseAdapter(InnerFrame inf) {
      m_if = inf;
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    }

    public void mouseDragged(MouseEvent e) {
      if (m_dragging)
        m_if.setLocation(e.getX()-m_XDifference + getX(), 

   e.getY()-m_YDifference + getY());
    }

    public void mousePressed(MouseEvent e) {
      m_if.toFront();
      m_XDifference = e.getX();
      m_YDifference = e.getY();
      m_dragging = true;
    }

    public void mouseReleased(MouseEvent e) {
    m_dragging = false;

    }
  }

  // custom button class for title bar
  class InnerFrameButton extends JButton 
  {
    Dimension m_dim;

    public InnerFrameButton(ImageIcon ii) {
      super(ii);
      m_dim = new Dimension(
        ii.getIconWidth(), ii.getIconHeight());
      setOpaque(false);
      setContentAreaFilled(false);
      setBorder(null);
    }

    public Dimension getPreferredSize() {
      return m_dim;
    }

    public Dimension getMinimumSize() {
      return m_dim;
    }

    public Dimension getMaximumSize() {
      return m_dim;
    }
  }
}

Understanding the Code: 

Class LayeredPaneDemo

W e are familiarwith mostofthe code in this class.Note thatthemdi package is imported,which is the
package InnerFrame resides in.The only purpose ofLayeredPaneDemo is to provide a containerfor
severalInnerFrames.An array of five InnerFrames is created and they are placed in ourJFrame’s
layered pane,atthe defaultlayer,in a cascading fashion.Note thatthe layered pane’sopaque property has
been explicity enabled (setOpaque(true)). This is to ensure smooth repainting when dragging our
InnerFrames by guaranteeing thatalllayered pane pixels willbe painted (see chapter2 formore about
opacity).
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Class mdi.InnerFrame

This is ourcustom internalframe we willbe expanding on throughoutthe remainderofthis chapter.Itis
defined within the mdi package and extends JPanel.

Classvariables:

String IMAGE_DIR: directory header string used to locate images in the mdi package

ImageIcon ICONIZE_BUTTON_ICON: icon used for the iconify button =  [black interior]

ImageIcon RESTORE_BUTTON_ICON: icon used for the iconfy button when in the iconified state

(representing de-iconify) =  [black interior]

ImageIcon CLOSE_BUTTON_ICON: icon used for the close button =  [black interior]

ImageIcon PRESS_CLOSE_BUTTON_ICON:icon used fortheclosebutton when itisin thepressed state

=  [dark green interior]

ImageIcon PRESS_RESTORE_BUTTON_ICON:icon used for the iconfy button in the iconified state

(representing de-iconify) when also in the pressed state =  [dark green interior]

ImageIcon PRESS_ICONIZE_BUTTON_ICON:iconusedfortheiconifybutton when in thepressed state

=  [dark green interior]

Color C_BUTTONBACK: the titlebar button background color

Several instance variables are also necessary:

int WIDTH:InnerFrame’s width.

int HEIGHT:InnerFrame’s height.

int TITLE_BAR_HEIGHT: default height of the title bar.

Color TITLE_BAR_BG_COLOR: default Color the title bar.

Instancevariables

String m_title: title bar String.

JLabel m_titleLabel: label contained in the title bar displaying the title string, m_title.

boolean m_iconified:  true when in the iconified state.

JPanel m_titlePanel:  panel representing the title bar.

JPanel m_contentPanel:  the centralInnerFrame container.

JPanel m_buttonPanel: small panel for frame buttons.

JPanel m_buttonWrapperPanel: panel to surround m_buttonPanel to allow correct alignment.

InnerFrameButton m_iconize: custom frame button for iconification/de-iconification.

InnerFrameButton m_close: custom frame button for closing.

TheInnerFrame constructor takes atitleString asitsonlyparameterandsetsthetitlevariableaccordingly.
W e use a BorderLayout and callourcreateTitleBar() method to initializem_titlePanel,which
representsourtitlebar(seebelow).W ethen initializem_contentPanel which actsasourframe’scentral
container. W e add these components to InnerFrame in the NORTH and CENTER regions respectively.

ThetoFront() methodisresponsibleformovingInnerFrame tothefrontmostpositioninitslayer.Thisis
called from m_titlePanel’smouse adapterwhen the title barispressed,aswe willsee below.Thiswill
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only function if InnerFrame is within a JLayeredPane (or JLayeredPane subclass--such as
JDesktopPane).

Theclose() method isresponsibleforremoving an InnerFrame from itsparentcontainer.Thisiscalled
when theclosebutton,m_close,isclicked within thetitlebar.W especifically only allow removalto work
from within a JLayeredPane.If this component is added to any other container we are assuming that itisnot
meantforremovalin this fashion.W e also keep a reference to the parentlayered pane so thatitcan be
repainted after we have been removed.

The setIconified() method controlsiconification and deiconification (often called restore)and reduces
theheightofInnerFrame to thatofthetitlebar.W hen an iconification occurswechangethem_iconize
button’sregularand pressed state iconsto those representing de-iconification.Similarly,when a de-iconify
occurs we restore the original height of InnerFrame and replace the icons with those representing
iconification.

ThecreateTitleBar() methodisresponsibleforpopulatingandlayingoutm_titlePanel,ourtitlebar.
It starts by initializing m_titlePanel with a preferred size according to our WIDTH and
TITLE_BAR_HEIGHT constants.m_titlePanel uses a BorderLayout and its background is set to
TITLE_BAR_BG_COLOR.(Notethatthesehard-coded valueswillbereplaced by variablesin future stagesof
development.)m_titleLabel iscreated with them_title String thatwaspassed to theInnerFrame
constructor.

Them_close button isan instanceofInnerFrameButton (seebelow)and usescustom ImageIcon’sfor
normaland pressed states.An ActionListener isadded to simply invokeclose() when thisbutton is
pressed.Them_iconize button iscreated in asimilarfashion,exceptitsActionListener isconstructed
to invoke the setIconified() method. Once these buttons are constructed, we place them in
m_buttonPanel useing aGridLayout,and placethispanelwithin ourm_buttonWrapperPanel which
usesaFlowLayout.Thisallowsforperfectbuttonalignment,usingJComponent’ssetAlignmentX/Y()
methods, while enforcing equal size among buttons no greater than their preferred sizes.

Finally,thecreateTitleBar() method endsbycreating anInnerFrameTitleBarMouseAdapter and
attaches it to m_titlePanel.

Class mdi.InnerFrame.InnerFrameTitleBarM ouseAdapter

Thisclassextendsjavax.swing.event.MouseInputAdapter and holdsareferenceto theInnerFrame itis
associated with. The function of mousePressed() is to obtain the base coordinate offsets,
m_XDifference and m_YDifference,forusein themouseDragged method,and setthem_dragging
flag to true (because a mouse press always precedes a mouse drag).The mouseDragged() method is
called wheneveranInnerFrame isdragged.Thismethod startsbytesting whetherthe m_dragging flag is
setto true.IfitisInnerFrame ismoved to anew location.To calculatethenew position asitisdragged
this method uses the current InnerFrame coordinates,getX() and getY(),plus the difference of the
mouseDragged() event coordinates, e.getX() and e.getY(), and the base offset coordinates,
m_XDifference and m_YDifference. These base offset coordinates, initialized within the
mousePressed() method,arenecessarytokeepmousepositionwithregardtotheupperleft-handcornerof
InnerFrame remainsconstant. ThemouseReleased() method’sonlyfunction isto setthem_dragging
flag to false when the mouse button is released.

Class mdi.InnerFrame.InnerFrameButton

The InnerFrameButton class extends JButton and its constructortakes an ImageIcon parameter.It
usesthisicontoconstructaDimension instance whichisinturnusedforthebutton’sminimum,maximum,
and preferred sizes. The button is thensettonon-opaque,andwecallsetContentAreaFilled(false) to
guarantee that its background will never be filled. W e also remove its border to give it an embedded look.
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Running the Code

Figure 15.4 shows LayeredPaneDemo in action.Experimentwith moving,iconifying,de-iconifying and
closing ourcustom frames.Notethataframecan beselected even when itstitlebarliesbehind thecontentof
anotherframe.M ouseeventspassrightthrough our frame’scontentpanels.Thisisjustoneofthemanyflaws
thatneed to beaccounted for.Also noticethatwecan drag anyframecompletelyoutsideofthelayered pane.
The mostimmediately noticeable functionality thatInnerFrame lacksisresizability.Thisisthe single most
difficult feature to implement, and is the subject of the next section.

15.4 Creating a custom M DI: part II - Resizability
Inthisstage,fourdistinctcomponentsareaddedtoInnerFrame’sNORTH,SOUTH,EAST,andWEST regions.
Each ofthese components,defined by the NorthResizeEdge,SouthResizeEdge,EastResizeEdge,
andWestResizeEdge innerclassesrespectively,providethefunctionalityneededtoallow properresizingin
alldirections.Thetitlebarand contentpanelofInnerFrame are now wrapped inside anotherpanelthatis
placed inInnerFrame’sCENTER region.Additionaly,weadd alabelcontaining an icon to theWEST region
of the title bar, and allow dynamic title bar height based on the size of the icon used.

Figure 15.6. Custom M DI: part II w ith default icon

<<file figure15-6.gif>>
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Figure 15.7. Custom  M DI: part II w ith large icon

<<file figure15-7.gif>>

The Code: InnerFram e.java
see\Chapter15\3\m di

package mdi;

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.EmptyBorder;

public class InnerFrame 
extends JPanel
{
  // Unchanged code

  private static ImageIcon DEFAULT_FRAME_ICON =
    new ImageIcon(IMAGE_DIR+"default.gif");
  private static int BORDER_THICKNESS = 4;
  private static int WIDTH = 200;
  private static int HEIGHT = 200;
  private static int TITLE_BAR_HEIGHT = 25;
  private static int FRAME_ICON_PADDING = 2;
  private static int ICONIZED_WIDTH = 150;
  private static Color TITLE_BAR_BG_COLOR = 
    new Color(108,190,116);
  private static Color BORDER_COLOR = new Color(8,90,16);

  private int m_titleBarHeight = TITLE_BAR_HEIGHT;
  private int m_width = WIDTH;
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  private int m_height = HEIGHT;
  private int m_iconizedWidth = ICONIZED_WIDTH;

  private String m_title;
  private JLabel m_titleLabel;
  private JLabel m_iconLabel;

  private boolean m_iconified;

  private boolean m_iconizeable;
  private boolean m_resizeable;
  private boolean m_closeable;

  // used to wrap title bar and contentPanel
  private JPanel m_frameContentPanel;

  private JPanel m_titlePanel; 
  private JPanel m_contentPanel;
  private JPanel m_buttonPanel; 
  private JPanel m_buttonWrapperPanel;

  private InnerFrameButton m_iconize;
  private InnerFrameButton m_close;

  private ImageIcon m_frameIcon = DEFAULT_FRAME_ICON;

  private NorthResizeEdge m_northResizer;
  private SouthResizeEdge m_southResizer;
  private EastResizeEdge m_eastResizer;
  private WestResizeEdge m_westResizer;

  public InnerFrame() {
    this("");
  }

  public InnerFrame(String title) {
    this(title, null);
  }

  public InnerFrame(String title, ImageIcon frameIcon) {
    this(title, frameIcon, true, true, true);
  }

  public InnerFrame(String title, ImageIcon frameIcon,
   boolean resizeable, boolean iconizeable, boolean closeable) {
    super.setLayout(new BorderLayout());
    attachNorthResizeEdge();
    attachSouthResizeEdge();
    attachEastResizeEdge();
    attachWestResizeEdge();
    populateInnerFrame();

    setTitle(title);
    setResizeable(resizeable);
    setIconizeable(iconizeable);
    setCloseable(closeable);
    if (frameIcon != null)
      setFrameIcon(frameIcon);
  }

  protected void populateInnerFrame() {
    m_frameContentPanel = new JPanel();
    m_frameContentPanel.setLayout(new BorderLayout());
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    createTitleBar();
    m_contentPanel = new JPanel();
    m_frameContentPanel.add(m_titlePanel, BorderLayout.NORTH);
    m_frameContentPanel.add(m_contentPanel, BorderLayout.CENTER);
    super.add(m_frameContentPanel, BorderLayout.CENTER);
  }

  public Component add(Component c) {
    return((m_contentPanel == null) 
      ? null : m_contentPanel.add(c));
  }

  public void setLayout(LayoutManager mgr) {
    if (m_contentPanel != null)
      m_contentPanel.setLayout(mgr);
  }

  // Unchanged code

  public boolean isIconizeable() {
    return m_iconizeable;
  }

  public void setIconizeable(boolean b) {
    m_iconizeable = b;
    m_iconize.setVisible(b);
    m_titlePanel.revalidate();
  }

  public boolean isCloseable() {
return m_closeable;

  }

  public void setCloseable(boolean b) {
    m_closeable = b;
    m_close.setVisible(b);
    m_titlePanel.revalidate();
  }

  public boolean isIconified() {
    return m_iconified;
  }

  public void setIconified(boolean b) {
    m_iconified = b;
    if (b) {
      m_width = getWidth();     // remember width
      m_height = getHeight();   // remember height
      setBounds(getX(), getY(), ICONIZED_WIDTH, 
        m_titleBarHeight + 2*BORDER_THICKNESS);
      m_iconize.setIcon(RESTORE_BUTTON_ICON);
      m_iconize.setPressedIcon(PRESS_RESTORE_BUTTON_ICON);
      setResizeable(false);
    }
    else {
      setBounds(getX(), getY(), m_width, m_height);
      m_iconize.setIcon(ICONIZE_BUTTON_ICON);
      m_iconize.setPressedIcon(PRESS_ICONIZE_BUTTON_ICON);
      setResizeable(true);
    }
    revalidate();
  }
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  ////////////////////////////////////////////
  //////////////// Title Bar /////////////////
  ////////////////////////////////////////////

  public void setFrameIcon(ImageIcon fi) {
    m_frameIcon = fi;

    if (fi != null) {
      if (m_frameIcon.getIconHeight() > TITLE_BAR_HEIGHT)
        setTitleBarHeight(
          m_frameIcon.getIconHeight() + 2*FRAME_ICON_PADDING);
      m_iconLabel.setIcon(m_frameIcon);
    }
    else setTitleBarHeight(TITLE_BAR_HEIGHT);
    revalidate();
  }

  public ImageIcon getFrameIcon() {
    return m_frameIcon;
  }

  public void setTitle(String s) {
    m_title = s;
    m_titleLabel.setText(s);
    m_titlePanel.repaint();
  }

  public String getTitle() {
    return m_title;
  }

  public void setTitleBarHeight(int h) {
    m_titleBarHeight = h;
  }

  public int getTitleBarHeight() {
    return m_titleBarHeight;
  }

  // create the title bar: m_titlePanel
  protected void createTitleBar() {
   m_titlePanel = new JPanel() {

      public Dimension getPreferredSize() {
        return new Dimension(InnerFrame.this.getWidth(), 
          m_titleBarHeight);
      }
    };
    m_titlePanel.setLayout(new BorderLayout());
    m_titlePanel.setOpaque(true);
    m_titlePanel.setBackground(TITLE_BAR_BG_COLOR);

    m_titleLabel = new JLabel();
    m_titleLabel.setForeground(Color.black);

    // Unchanged code

    m_iconLabel = new JLabel();
    m_iconLabel.setBorder(new EmptyBorder(
      FRAME_ICON_PADDING, FRAME_ICON_PADDING,
      FRAME_ICON_PADDING, FRAME_ICON_PADDING));
    if (m_frameIcon != null)
      m_iconLabel.setIcon(m_frameIcon);
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    m_titlePanel.add(m_titleLabel, BorderLayout.CENTER);
    m_titlePanel.add(m_buttonWrapperPanel, BorderLayout.EAST);
    m_titlePanel.add(m_iconLabel, BorderLayout.WEST);

    InnerFrameTitleBarMouseAdapter iftbma = 
      new InnerFrameTitleBarMouseAdapter(this);
    m_titlePanel.addMouseListener(iftbma);
    m_titlePanel.addMouseMotionListener(iftbma);
  }

  // Unchanged code

  ///////////////////////////////////////////////
  //////////////// Resizability /////////////////
  ///////////////////////////////////////////////

  public boolean isResizeable() {
    return m_resizeable;
  }

  public void setResizeable(boolean b) {
    if (!b && m_resizeable == true) {
      m_northResizer.removeMouseListener(m_northResizer);
      m_northResizer.removeMouseMotionListener(m_northResizer);
      m_southResizer.removeMouseListener(m_southResizer);
      m_southResizer.removeMouseMotionListener(m_southResizer);
      m_eastResizer.removeMouseListener(m_eastResizer);
      m_eastResizer.removeMouseMotionListener(m_eastResizer);
      m_westResizer.removeMouseListener(m_westResizer);
      m_westResizer.removeMouseMotionListener(m_westResizer);
    }
    else if (m_resizeable == false) {
      m_northResizer.addMouseListener(m_northResizer);
      m_northResizer.addMouseMotionListener(m_northResizer);
      m_southResizer.addMouseListener(m_southResizer);
      m_southResizer.addMouseMotionListener(m_southResizer);
      m_eastResizer.addMouseListener(m_eastResizer);
      m_eastResizer.addMouseMotionListener(m_eastResizer);
      m_westResizer.addMouseListener(m_westResizer);
      m_westResizer.addMouseMotionListener(m_westResizer);
    }
    m_resizeable = b;
  }

  protected void attachNorthResizeEdge() {
    m_northResizer = new NorthResizeEdge(this);
    super.add(m_northResizer, BorderLayout.NORTH);
  }

  protected void attachSouthResizeEdge() {
    m_southResizer = new SouthResizeEdge(this);
    super.add(m_southResizer, BorderLayout.SOUTH);
  }

  protected void attachEastResizeEdge() {
    m_eastResizer = new EastResizeEdge(this);
    super.add(m_eastResizer, BorderLayout.EAST);
  }

  protected void attachWestResizeEdge() {
    m_westResizer = new WestResizeEdge(this);
    super.add(m_westResizer, BorderLayout.WEST);
  }
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  class EastResizeEdge extends JPanel
  implements MouseListener, MouseMotionListener {
    private int WIDTH = BORDER_THICKNESS;
    private int MIN_WIDTH = ICONIZED_WIDTH;
    private boolean m_dragging;
    private JComponent m_resizeComponent;

    protected EastResizeEdge(JComponent c) {
      m_resizeComponent = c;
      setOpaque(true);
      setBackground(BORDER_COLOR);
    }

    public Dimension getPreferredSize() {
      return new Dimension(WIDTH, m_resizeComponent.getHeight());
    }

    public void mouseClicked(MouseEvent e) {}
    public void mouseMoved(MouseEvent e) {}
    public void mouseReleased(MouseEvent e) {
      m_dragging = false;
    }

    public void mouseDragged(MouseEvent e) {
      if (m_resizeComponent.getWidth() + e.getX() >= MIN_WIDTH)
        m_resizeComponent.setBounds(m_resizeComponent.getX(), 
          m_resizeComponent.getY(), 
          m_resizeComponent.getWidth() + e.getX(),
          m_resizeComponent.getHeight());
      else
        m_resizeComponent.setBounds(m_resizeComponent.getX(), 
          m_resizeComponent.getY(), 
          MIN_WIDTH, m_resizeComponent.getHeight());
      m_resizeComponent.validate();
    }

    public void mouseEntered(MouseEvent e) {
      if (!m_dragging)
        setCursor(Cursor.getPredefinedCursor(
          Cursor.E_RESIZE_CURSOR));
    }

    public void mouseExited(MouseEvent e) {
      if (!m_dragging)
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
    }

    public void mousePressed(MouseEvent e) {
      toFront();
      m_dragging = true;
    }
  }

  class WestResizeEdge extends JPanel
  implements MouseListener, MouseMotionListener {
    private int WIDTH = BORDER_THICKNESS;
    private int MIN_WIDTH = ICONIZED_WIDTH;
    private int m_dragX, m_rightX;
    private boolean m_dragging;
    private JComponent m_resizeComponent;
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    protected WestResizeEdge(JComponent c) {
m_resizeComponent = c;

      setOpaque(true);
      setBackground(BORDER_COLOR);
    }

    public Dimension getPreferredSize() {
      return new Dimension(WIDTH, m_resizeComponent.getHeight());
    }

    public void mouseClicked(MouseEvent e) {}
    public void mouseMoved(MouseEvent e) {}

    public void mouseReleased(MouseEvent e) {
      m_dragging = false;
    }

    public void mouseDragged(MouseEvent e) {
      if (m_resizeComponent.getWidth()-
       (e.getX()-m_dragX) >= MIN_WIDTH)
        m_resizeComponent.setBounds(
          m_resizeComponent.getX() + (e.getX()-m_dragX),
          m_resizeComponent.getY(), 
          m_resizeComponent.getWidth()-(e.getX()-m_dragX),
          m_resizeComponent.getHeight());
      else
        if (m_resizeComponent.getX() + MIN_WIDTH < m_rightX)
          m_resizeComponent.setBounds(m_rightX-MIN_WIDTH,
            m_resizeComponent.getY(), 
            MIN_WIDTH, m_resizeComponent.getHeight());
        else
          m_resizeComponent.setBounds(m_resizeComponent.getX(),
            m_resizeComponent.getY(), 
            MIN_WIDTH, m_resizeComponent.getHeight());
      m_resizeComponent.validate();
    }

    public void mouseEntered(MouseEvent e) {
      if (!m_dragging)
        setCursor(Cursor.getPredefinedCursor(
          Cursor.W_RESIZE_CURSOR));
    }

    public void mouseExited(MouseEvent e) {
      if (!m_dragging)
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
    }

    public void mousePressed(MouseEvent e) {
      toFront();
      m_rightX = m_resizeComponent.getX() + 
        m_resizeComponent.getWidth();
      m_dragging = true;
      m_dragX = e.getX();
    }
  }

  class NorthResizeEdge extends JPanel
  implements MouseListener, MouseMotionListener {
    private static final int NORTH = 0;
    private static final int NORTHEAST = 1;
    private static final int NORTHWEST = 2;
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    private int CORNER = 10;
    private int HEIGHT = BORDER_THICKNESS;
    private int MIN_WIDTH = ICONIZED_WIDTH;
    private int MIN_HEIGHT = TITLE_BAR_HEIGHT+(2*HEIGHT);
    private int m_width, m_dragX, m_dragY, m_rightX, m_lowerY;
    private boolean m_dragging;
    private JComponent m_resizeComponent;
    private int m_mode;

    protected NorthResizeEdge(JComponent c) {
      m_resizeComponent = c;
      setOpaque(true);
      setBackground(BORDER_COLOR);
    }

    public Dimension getPreferredSize() {
      return new Dimension(m_resizeComponent.getWidth(), HEIGHT);
    }

    public void mouseClicked(MouseEvent e) {}

    public void mouseMoved(MouseEvent e) {
      if (!m_dragging) {
        if (e.getX() < CORNER) {
          setCursor(Cursor.getPredefinedCursor(
            Cursor.NW_RESIZE_CURSOR));
        }
        else if(e.getX() > getWidth()-CORNER) {

     setCursor(Cursor.getPredefinedCursor(
            Cursor.NE_RESIZE_CURSOR));
        }
        else {
          setCursor(Cursor.getPredefinedCursor(
            Cursor.N_RESIZE_CURSOR));
        }
      }
    }

    public void mouseReleased(MouseEvent e) {
      m_dragging = false;
    }

    public void mouseDragged(MouseEvent e) {
      int h = m_resizeComponent.getHeight();
      int w = m_resizeComponent.getWidth();
      int x = m_resizeComponent.getX();
      int y = m_resizeComponent.getY();
     int ex = e.getX();

      int ey = e.getY();
      switch (m_mode) {
        case NORTH:
          if (h-(ey-m_dragY) >= MIN_HEIGHT)
            m_resizeComponent.setBounds(x, y + (ey-m_dragY),
              w, h-(ey-m_dragY));
          else

      m_resizeComponent.setBounds(x, 
                m_lowerY-MIN_HEIGHT, w, MIN_HEIGHT);
          break;
        case NORTHEAST:
          if (h-(ey-m_dragY) >= MIN_HEIGHT
          && w + (ex-(getWidth()-CORNER)) >= MIN_WIDTH)
            m_resizeComponent.setBounds(x,
              y + (ey-m_dragY), w + (ex-(getWidth()-CORNER)),
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                h-(ey-m_dragY));
          else if (h-(ey-m_dragY) >= MIN_HEIGHT
          && !(w + (ex-(getWidth()-CORNER)) >= MIN_WIDTH))
            m_resizeComponent.setBounds(x,
              y + (ey-m_dragY), MIN_WIDTH, h-(ey-m_dragY));
          else if (!(h-(ey-m_dragY) >= MIN_HEIGHT)
          && w + (ex-(getWidth()-CORNER)) >= MIN_WIDTH)
            m_resizeComponent.setBounds(x, 
              m_lowerY-MIN_HEIGHT, w + (ex-(getWidth()-CORNER)),
                MIN_HEIGHT);
          else
            m_resizeComponent.setBounds(x, 
              m_lowerY-MIN_HEIGHT, MIN_WIDTH, MIN_HEIGHT);
          break;
        case NORTHWEST:
          if (h-(ey-m_dragY) >= MIN_HEIGHT
          && w-(ex-m_dragX) >= MIN_WIDTH)
            m_resizeComponent.setBounds(x + (ex-m_dragX),
              y + (ey-m_dragY), w-(ex-m_dragX),
                h-(ey-m_dragY));
          else if (h-(ey-m_dragY) >= MIN_HEIGHT
          && !(w-(ex-m_dragX) >= MIN_WIDTH)) {
            if (x + MIN_WIDTH < m_rightX) 
              m_resizeComponent.setBounds(m_rightX-MIN_WIDTH,
                y + (ey-m_dragY), MIN_WIDTH, h-(ey-m_dragY));
            else
              m_resizeComponent.setBounds(x, 
                y + (ey-m_dragY), w, h-(ey-m_dragY));
          } 
          else if (!(h-(ey-m_dragY) >= MIN_HEIGHT)
          && w-(ex-m_dragX) >= MIN_WIDTH) 
            m_resizeComponent.setBounds(x + (ex-m_dragX),
              m_lowerY-MIN_HEIGHT, w-(ex-m_dragX), MIN_HEIGHT);
          else
            m_resizeComponent.setBounds(m_rightX-MIN_WIDTH,
              m_lowerY-MIN_HEIGHT, MIN_WIDTH, MIN_HEIGHT);
          break;
      }
      m_rightX = x + w;
      m_resizeComponent.validate();
    }

    public void mouseEntered(MouseEvent e) {
      mouseMoved(e);
    }

    public void mouseExited(MouseEvent e) {
      if (!m_dragging)
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
    }

    public void mousePressed(MouseEvent e) {
      toFront();
      m_dragging = true;
      m_dragX = e.getX();
      m_dragY = e.getY();
      m_lowerY = m_resizeComponent.getY()
        + m_resizeComponent.getHeight();
      if (e.getX() < CORNER) {
        m_mode = NORTHWEST;
      }
      else if(e.getX() > getWidth()-CORNER) {
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        m_mode = NORTHEAST;
      }
      else {
        m_mode = NORTH;
      }
    }
  }

  class SouthResizeEdge extends JPanel
  implements MouseListener, MouseMotionListener {
    private static final int SOUTH = 0;
    private static final int SOUTHEAST = 1;
    private static final int SOUTHWEST = 2;
    private int CORNER = 10;
    private int HEIGHT = BORDER_THICKNESS;
    private int MIN_WIDTH = ICONIZED_WIDTH;
    private int MIN_HEIGHT = TITLE_BAR_HEIGHT+(2*HEIGHT);
    private int m_width, m_dragX, m_dragY, m_rightX;
    private boolean m_dragging;
    private JComponent m_resizeComponent;
    private int m_mode;

    protected SouthResizeEdge(JComponent c) {
      m_resizeComponent = c;
      setOpaque(true);
      setBackground(BORDER_COLOR);
    }

    public Dimension getPreferredSize() {
      return new Dimension(m_resizeComponent.getWidth(), HEIGHT);
    }

    public void mouseClicked(MouseEvent e) {}

    public void mouseMoved(MouseEvent e) {
      if (!m_dragging) {
        if (e.getX() < CORNER) {
          setCursor(Cursor.getPredefinedCursor(
            Cursor.SW_RESIZE_CURSOR));
        }
        else if(e.getX() > getWidth()-CORNER) {
          setCursor(Cursor.getPredefinedCursor(
            Cursor.SE_RESIZE_CURSOR));
        }
        else {
          setCursor(Cursor.getPredefinedCursor(
            Cursor.S_RESIZE_CURSOR));
        }
      }
    }

    public void mouseReleased(MouseEvent e) {
m_dragging = false;

    }

    public void mouseDragged(MouseEvent e) {
      int h = m_resizeComponent.getHeight();
      int w = m_resizeComponent.getWidth();
      int x = m_resizeComponent.getX();
      int y = m_resizeComponent.getY();
      int ex = e.getX();
      int ey = e.getY();
      switch (m_mode) {
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        case SOUTH:
          if (h+(ey-m_dragY) >= MIN_HEIGHT)
           m_resizeComponent.setBounds(x, y, w, h+(ey-m_dragY));
          else
            m_resizeComponent.setBounds(x, y, w, MIN_HEIGHT);
          break;
        case SOUTHEAST:
          if (h+(ey-m_dragY) >= MIN_HEIGHT
            && w + (ex-(getWidth()-CORNER)) >= MIN_WIDTH)
            m_resizeComponent.setBounds(x, y, 
              w + (ex-(getWidth()-CORNER)), h+(ey-m_dragY));
          else if (h+(ey-m_dragY) >= MIN_HEIGHT
            && !(w + (ex-(getWidth()-CORNER)) >= MIN_WIDTH))
            m_resizeComponent.setBounds(x, y, 
              MIN_WIDTH, h+(ey-m_dragY));
          else if (!(h+(ey-m_dragY) >= MIN_HEIGHT)

          && w + (ex-(getWidth()-CORNER)) >= MIN_WIDTH)
            m_resizeComponent.setBounds(x, y, 
              w + (ex-(getWidth()-CORNER)), MIN_HEIGHT);
          else
            m_resizeComponent.setBounds(x, 
              y, MIN_WIDTH, MIN_HEIGHT);
          break;
        case SOUTHWEST:
          if (h+(ey-m_dragY) >= MIN_HEIGHT 
            && w-(ex-m_dragX) >= MIN_WIDTH)
            m_resizeComponent.setBounds(x + (ex-m_dragX), y, 
              w-(ex-m_dragX), h+(ey-m_dragY));
          else if (h+(ey-m_dragY) >= MIN_HEIGHT
            && !(w-(ex-m_dragX) >= MIN_WIDTH)) {
            if (x + MIN_WIDTH < m_rightX)
              m_resizeComponent.setBounds(m_rightX-MIN_WIDTH, y, 
                MIN_WIDTH, h+(ey-m_dragY));
            else

          m_resizeComponent.setBounds(x, y, w, 
                h+(ey-m_dragY));
          }
          else if (!(h+(ey-m_dragY) >= MIN_HEIGHT)
            && w-(ex-m_dragX) >= MIN_WIDTH)
            m_resizeComponent.setBounds(x + (ex-m_dragX), y, 

        w-(ex-m_dragX), MIN_HEIGHT);
          else
            m_resizeComponent.setBounds(m_rightX-MIN_WIDTH,
              y, MIN_WIDTH, MIN_HEIGHT);
          break;
      }
      m_rightX = x + w;
      m_resizeComponent.validate();
    }

    public void mouseEntered(MouseEvent e) {
      mouseMoved(e);
    }

    public void mouseExited(MouseEvent e) {
      if (!m_dragging)
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
    }

    public void mousePressed(MouseEvent e) {
      toFront();
      m_dragging = true;
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      m_dragX = e.getX();
      m_dragY = e.getY();
      if (e.getX() < CORNER) {
        m_mode = SOUTHWEST;
      }
      else if(e.getX() > getWidth()-CORNER) {
        m_mode = SOUTHEAST;

  }
      else {
        m_mode = SOUTH;
      }
    }
  }
}

Understanding The Code: 

Class InnerFrame

New class variables:

ImageIcon DEFAULT_FRAME_ICON: default image used for the frame icon = 

int BORDER_THICKNESS: default thickness of resize edges (borders).

int FRAME_ICON_PADDING: default thickness of padding around the title bar icon label.

int ICONIZED_WIDTH: default width in the iconified state.

Color BORDER_COLOR: default resize border background color.

New instance variables:

int m_titleBarHeight: title bar height.

int m_width: used for recalling the frame’s previous width when deiconifying.

int m_height: used for recalling the frame’s previous height when deiconifying.

int m_iconizedWidth: frame width in the iconified state.

JLabel m_iconLabel: label used to display the frame icon in the title bar.

boolean m_iconizeable: determines whether the frame can be iconified.

boolean m_resizeable: determines whether the frame is resizable.

boolean m_closeable: determines whether the frame is closeable.

JPanel m_frameContentPanel: used to wrap the title bar and contentPanel for placementin
InnerFrame’sCENTER region.

ImageIcon m_frameIcon: the frame icon displayed bym_iconLabel in the title bar.

NorthResizeEdge m_northResizer: Used for north, northeast, and northwest resizing.

SouthResizeEdge m_southResizer: Used for south, southeast, and southwest resizing,

EastResizeEdge m_eastResizer: Used for east resizing.

WestResizeEdge m_westResizer: Used for west reszing.

There are noew fourInnerFrame constructors.The firstcreatesan InnerFrame with no title and default
frameicon.Thesecond createsan InnerFrame with atitleand defaulticon,and thethird createsonewith
bothatitleandaspecifiedframeicon.Thefirstthreeconstructorsallendup callingthefourthtodotheactual



104

work.

Thefourth InnerFrame constructorcallsfourmethodsto attach ourcustom resizecomponentsto itsedges.
ThenourpopulateInnerFrame() methodiscalledwhichisresponsibleforencapsulatingthetitlebarand
contentpanelin m_frameContentPanel,which is then added to the CENTER of InnerFrame.The
constructorends by calling methods to setthe title,frame icon,and resizeable,iconizeable,and closeable
properties (discussed below).

The add() and setLayout() methods ofJComponent are overridden to perform these actions on the
contentpanelcontained inside m_frameContentPanel.Thus,anything we add to InnerFrame willbe
placed in m_contentPanel, and any layout we assign to InnerFrame will actually be assigned to
m_contentPanel.

Note:This functionality isnotonparwithfundamentalSwingcontainerssuchasJFrame,andJInternalFrame
which use aJRootPane to manage theircontents.W e willfix thisin the nextsection by implementing the
RootPaneContainer interface.

ThesetIconizeable() and setCloseable() methodssettheirrespectivepropertiesand hideorshow
the corresponding title barbuttonsusing setVisible().W e callrevalidate() to perform any layout
changes that may be necessary after a button is shown or hidden.

ThesetIconified() methodismodifiedstorethewidth and heightofInnerFrame beforeitisiconified.
Thesizeofan iconified InnerFrame isnow determined by thetitlebarheight,which isin turn determined
by the frame icon size, and the thickness of the resize edges:

      setBounds(getX(), getY(), ICONIZED_WIDTH, 
        m_titleBarHeight + 2*BORDER_THICKNESS);

W heneveran iconification occurs we callsetResizable(false) to remove mouse listeners from each
resizeedge.Ifadeiconification occurswecallsetResizable(true) to add mouselistenersback to each
resizeedge.Also,thewidth and heightsaved in an iconification isused to setthesizeofInnerFrame when
it is deiconified.

Thetitlebarcodehasseveralmethodsadded to it.setFrameIcon() isresponsibleforreplacing theicon in
the title bar icon label, m_iconLabel, and calculating the new title bar height based on this change:

  public void setFrameIcon(ImageIcon fi) {
    m_frameIcon = fi;

    if (fi != null) {
      if (m_frameIcon.getIconHeight() > TITLE_BAR_HEIGHT)
        setTitleBarHeight(m_frameIcon.getIconHeight() 
          + 2*FRAME_ICON_PADDING);
      m_iconLabel.setIcon(m_frameIcon);
    }
    else setTitleBarHeight(TITLE_BAR_HEIGHT);
    revalidate();
  }

ThetitlebarheightwillneverbesmallerthanTITLE_BAR_HEIGHT (25).Iftheicon’sheightisgreaterthan
thisdefaultvalue the title barheightwillthen be based on thaticon’sheight,plusthe defaulticon padding,
FRAME_ICON_PADDING,aboveand below theicon.Thisisnecessary becausewhen theframeicon isadded
to the title bar within our createTitleBar() method, it is placed in a JLabel surrounded by an
EmptyBorder as follows:
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    m_iconLabel.setBorder(new EmptyBorder(
      FRAME_ICON_PADDING, FRAME_ICON_PADDING,
      FRAME_ICON_PADDING, FRAME_ICON_PADDING));

This label is then added to the WEST region of m_titlePanel (the title bar).

Thecustom resizecomponentsarethekey to makingInnerFrame resizable.They arebuiltasinnerclasses
inside InnerFrame and are discussed below.Before we discuss them in detail,itis helpfulto clarify
InnerFrame‘s structure.Figure 15.5 illustrates this and shows which cursorwillappearwhen the mouse
pointerisplaced overdifferentportionsofeach resizeedge(thisfunctionality issomething wehavecometo
expect from frames in anymodern desktop environment):

Figure 15.5. InnerFram e structure and resize edge cursor regions

<<file figure15-5.gif>>

TheCursor classdefinesseveralclassfieldsrepresenting pre-defined cursoriconsthatweusein theresize
classes discussed below:

  N_RESIZE_CURSOR, NE_RESIZE_CURSOR, NW_RESIZE_CURSOR, S_RESIZE_CURSOR,
  SE_RESIZE_CURSOR, SW_RESIZE_CURSOR, E_RESIZE_CURSOR, W_RESIZE_CURSOR,
  DEFAULT_CURSOR

Note:Upon firstinspection you mightthink itwould be easierto implementyourown borderand build resizable
functionality into that.Theproblem isthatbordersarenotpartoftheComponent hierarchy.Thatis,they do
notinheritfrom theComponent class.In fact, every borderisa subclassofAbstractBorder which isa
direct subclass of Object.There is no way to associate mouse events with a border.

Class InnerFrame.EastResizeEdge

EastResizeEdge is the component that is placed in the east portion of InnerFrame’s BorderLayout.This
component allows resizing InnerFrame horizontally. This is the simplest of the four edges because when it is 
used to resize, InnerFrame always stays in thesamelocation(definedbyitsnorthwestcorner)andtheheight
doesn’t change. Two class variables and two instance variables are necessary:

int WIDTH: constant thickness.
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int MIN_WIDTH:minimum width of m_resizeComponent.

boolean m_dragging: true when dragging.

JComponent m_resizeComponent: the component to resize.

Theconstructor,aswith alloftheresizeedgecomponentconstructors,takesaJComponent asaparameter.
This JComponent is the componentthatis resized wheneverthe edge detects a mouse drag event.The
setPreferredSize() method ensures that our edges will have a constant thickness.

Note: W e have designedthesecomponentstobesignificantlygeneric,whilestillbeingencapsulatedasinnerclasses.
They can easily bemodified forusewithin otherclassesorasstand-aloneresizableutility components.In the
nextchapterwecreateapackagecalled resize which containseach oftheseclassesasseparateentitiesthat
can bewrapped around any JComponent.Seesection 16.4.(Forthe resize packagesourcecode,referto
\Chapter16\2\resize.)

The mouseEntered() method is used to detectwheneverthe cursoris overthis edge.W hen invoked it
changes the cursorto E_RESIZE_CURSOR.The mouseExited() method changes the cursorback to the
normalDEFAULT_CURSOR when the mouse leaves this component.In both methods cursorchanges only
occurwhen them_dragging flag isfalse (i.e.when theborderisnotbeing dragged).W edo notwantthe
cursor to change while we are resizing.

The mousePressed() method setsthe m_dragging flag and movesthe componentassociated with this
resize edge to the foremostposition in itsJLayeredPane layer(in otherwordsitcallstoFront()).The
mouseDragged method actually handles the resizing and defines two cases to ensure that
m_resizeComponent‘s width is nevermade smaller than MIN_WIDTH.

Class InnerFrame.W estResizeEdge

WestResizeEdge works very similarto EastResizeEdge exceptthatitmusthandle an extra case in
resizing because the position, as well as width,ofm_resizeComponent changes.An extra variable,
m_rightX, is used to keep track of the coordinate of the northeast corner of m_resizeComponent toensure
that the right side of m_resizeComponent nevermoves during a resize.

Class InnerFrame.NorthResizeEdge, InnerFrame.SouthResizeEdge

NorthResizeEdge and SouthResizeEdge arevery complicated becausetherearethreeregionsin each.
The left-mostand right-mostportions are reserved forresizing in the northwest,southwest,and northeast,
southeastdirections.The mostcomplicated cases are resizing from the northwestand southwestcorners
because the height, width, as well asboththexandycoordinatesofm_resizeComponent canchange.Thus,
themouseDragged method in each of these classes is quite extensive.

Note:You are encouraged to work through this code and understand each case.W e willnot explain itin detail
because of its repetitive and mathematical nature.

Aftereach mousedrag,validate()iscalled on m_resizeComponent to lay outitscontentsagain.Ifwe
did notinclude thiswe would see thataswe resized anInnerFrame the size change and rendering ofits
contentswouldnotoccurproperly.(Trythisbycommentingouttheselinesineachoftheresizeedgeclasses.)
Validation forces the containerto lay outits contents based on the currentsize.Normally we would call
revalidate() ratherthan validate() for thesakethread safety.However,thereareoften performance
bottlenecks associated with revalidate() when performing fast resizes because these requests get
forwarded,queued,and coalesced bytheRepaintManager service(seechapter2 formoreaboutvalidation
and painting).By making the directcallto validate() we ensure thatthe layoutwillbe performed
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immediately, and with rapid resizing this does make a difference. 

Running The Code

Figure15.6 showsLayeredPaneDemo in action.Firsttry resizing framesfrom alldirectionsto seethatthis
worksasexpected.Now try replacing the frame icon with one ofa differentsize (you can use thetiger.gif
image included in thisexample’sdirectory).You willsee thatthe title barand the minimum heightofour
frames changes accordingly.Figure 15.7 shows our InnerFrames with a much larger frame icon.

15.5 Creating a custom M DI: part III - Enhancements
Thereareafew thingsaboutthepreviousexampleto takespecialnoteofatthisstage.You mayhavenoticed
thatmouse events are stillpropagating rightthrough our frames.W e can also stilldrag InnerFrames
completely outside the layered pane view.In thissection we addressthese issues,implementmaximizable
functionality,andtakethefinalstepinmakingInnerFrame afundamentalSwingcontainerbyimplementing
theRootPaneContainer interface.

Figure 15.8. Custom  M DI: part III

<<file figure15-8.gif>>

The Code: InnerFram e.java
see\Chapter15\4\m di

package mdi;

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.EmptyBorder;
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public class InnerFrame 
extends JPanel implements RootPaneContainer
{
  private static String IMAGE_DIR = "mdi" + java.io.File.separator;
  private static ImageIcon ICONIZE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"iconize.gif");
  private static ImageIcon RESTORE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"restore.gif");
  private static ImageIcon CLOSE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"close.gif");
  private static ImageIcon MAXIMIZE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"maximize.gif");
  private static ImageIcon MINIMIZE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"minimize.gif");
  private static ImageIcon PRESS_CLOSE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"pressclose.gif");
  private static ImageIcon PRESS_RESTORE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"pressrestore.gif");
  private static ImageIcon PRESS_ICONIZE_BUTTON_ICON =
    new ImageIcon(IMAGE_DIR+"pressiconize.gif");
  private static ImageIcon PRESS_MAXIMIZE_BUTTON_ICON = 
    new ImageIcon(IMAGE_DIR+"pressmaximize.gif");
  private static ImageIcon PRESS_MINIMIZE_BUTTON_ICON = 
    new ImageIcon(IMAGE_DIR+"pressminimize.gif");
  private static ImageIcon DEFAULT_FRAME_ICON = 
    new ImageIcon(IMAGE_DIR+"default.gif");
  private static int BORDER_THICKNESS = 4;
  private static int WIDTH = 200;
  private static int HEIGHT = 200;
  private static int TITLE_BAR_HEIGHT = 25;
  private static int FRAME_ICON_PADDING = 2;
  private static int ICONIZED_WIDTH = 150;
  private static Color TITLE_BAR_BG_COLOR = 
    new Color(108,190,116);
  private static Color BORDER_COLOR = new Color(8,90,16);

  private int m_titleBarHeight = TITLE_BAR_HEIGHT;
  private int m_width = WIDTH;
  private int m_height = HEIGHT;
  private int m_iconizedWidth = ICONIZED_WIDTH;
  private int m_x;
  private int m_y;

  private String m_title;
  private JLabel m_titleLabel;
  private JLabel m_iconLabel;

  private boolean m_iconified;
  private boolean m_maximized;

  private boolean m_iconizeable;
  private boolean m_resizeable;
  private boolean m_closeable;
  private boolean m_maximizeable;

  // only false when maximized
  private boolean m_draggable = true;

  private JRootPane m_rootPane;

  // used to wrap m_titlePanel and m_rootPane
  private JPanel m_frameContentPanel;
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  private JPanel m_titlePanel; 
  private JPanel m_contentPanel;
  private JPanel m_buttonPanel; 
  private JPanel m_buttonWrapperPanel;

  private InnerFrameButton m_iconize;
  private InnerFrameButton m_close;
  private InnerFrameButton m_maximize;

  // Unchanged code

  public InnerFrame(String title, ImageIcon frameIcon) {
    this(title, frameIcon, true, true, true, true);
  }

  public InnerFrame(String title, ImageIcon frameIcon,
   boolean resizeable, boolean iconizeable, 
   boolean maximizeable, boolean closeable) {
    super.setLayout(new BorderLayout());
    attachNorthResizeEdge();
    attachSouthResizeEdge();
    attachEastResizeEdge();
    attachWestResizeEdge();
    populateInnerFrame();

    setTitle(title);
    setResizeable(resizeable);
    setIconizeable(iconizeable);
    setCloseable(closeable);
    setMaximizeable(maximizeable);
    if (frameIcon != null)
      setFrameIcon(frameIcon);
  }

  protected void populateInnerFrame() {
    m_rootPane = new JRootPane();
    m_frameContentPanel = new JPanel();
    m_frameContentPanel.setLayout(new BorderLayout());
    createTitleBar();
    m_contentPanel = new JPanel(new BorderLayout());
    m_rootPane.setContentPane(m_contentPanel);
    m_frameContentPanel.add(m_titlePanel, BorderLayout.NORTH);
    m_frameContentPanel.add(m_rootPane, BorderLayout.CENTER);
    setupCapturePanel();
    super.add(m_frameContentPanel, BorderLayout.CENTER);
  }

  protected void setupCapturePanel() {
    CapturePanel mouseTrap = new CapturePanel();
    m_rootPane.getLayeredPane().add(mouseTrap, 
      new Integer(Integer.MIN_VALUE));
    mouseTrap.setBounds(0,0,10000,10000);
  } 

  // don't allow this in root pane containers 
  public Component add(Component c) {
    return null;
  }

  // don't allow this in root pane containers 
  public void setLayout(LayoutManager mgr) {
  }
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  public JMenuBar getJMenuBar() {
    return m_rootPane.getJMenuBar();
  }

  public JRootPane getRootPane() {
    return m_rootPane;
  }

  public Container getContentPane() {
    return m_rootPane.getContentPane();
  }

  public Component getGlassPane() {
    return m_rootPane.getGlassPane();
  }

  public JLayeredPane getLayeredPane() {
    return m_rootPane.getLayeredPane();
  }

  public void setJMenuBar(JMenuBar menu) {
    m_rootPane.setJMenuBar(menu);
  }

  public void setContentPane(Container content) {
    m_rootPane.setContentPane(content);
  }

  public void setGlassPane(Component glass) {
    m_rootPane.setGlassPane(glass);
  }

  public void setLayeredPane(JLayeredPane layered) {
    m_rootPane.setLayeredPane(layered);
  }

  // Unchanged code

  public boolean isMaximizeable() {
    return m_maximizeable;
  }

  public void setMaximizeable(boolean b) {
    m_maximizeable = b;
    m_maximize.setVisible(b);
    m_titlePanel.revalidate();
  }

  public boolean isIconified() {
    return m_iconified;
  }

  public void setIconified(boolean b) {
    m_iconified = b;
    if (b) {
      if (isMaximized())

      setMaximized(false);
      toFront();
      m_width = getWidth();     // remember width
      m_height = getHeight();   // remember height
      setBounds(getX(), getY(), ICONIZED_WIDTH, 
        m_titleBarHeight + 2*BORDER_THICKNESS);
      m_iconize.setIcon(RESTORE_BUTTON_ICON);
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      m_iconize.setPressedIcon(PRESS_RESTORE_BUTTON_ICON);
      setResizeable(false);
    }
    else {
      toFront();
      setBounds(getX(), getY(), m_width, m_height);
      m_iconize.setIcon(ICONIZE_BUTTON_ICON);

 m_iconize.setPressedIcon(PRESS_ICONIZE_BUTTON_ICON);
      setResizeable(true);
    }
    revalidate();
  }

  public boolean isMaximized() {
    return m_maximized;
  }

  public void setMaximized(boolean b) {
    m_maximized = b;
    if (b)
    {

if (isIconified())
        setIconified(false);
      toFront();
      m_width = getWidth();     // remember width
      m_height = getHeight();   // remember height
      m_x = getX();             // remember x
      m_y = getY();             // remember y
      setBounds(0, 0, getParent().getWidth(), 
        getParent().getHeight());
      m_maximize.setIcon(MINIMIZE_BUTTON_ICON);
      m_maximize.setPressedIcon(PRESS_MINIMIZE_BUTTON_ICON);
      setResizeable(false);
      setDraggable(false);
    }

 else {
      toFront();
      setBounds(m_x, m_y, m_width, m_height);
      m_maximize.setIcon(MAXIMIZE_BUTTON_ICON);
      m_maximize.setPressedIcon(PRESS_MAXIMIZE_BUTTON_ICON);
      setResizeable(true);
      setDraggable(true);
    }
    revalidate();
  } 

  // Unchanged code

  public boolean isDraggable() {
    return m_draggable;
  }

  private void setDraggable(boolean b) {
    m_draggable = b;
  }

  // create the title bar: m_titlePanel
  protected void createTitleBar() {

    // Unchanged code

    m_maximize = new InnerFrameButton(MAXIMIZE_BUTTON_ICON);
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    m_maximize.setPressedIcon(PRESS_MAXIMIZE_BUTTON_ICON);
    m_maximize.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        InnerFrame.this.setMaximized(
          !InnerFrame.this.isMaximized());
      }
    });

    m_buttonWrapperPanel = new JPanel();
    m_buttonWrapperPanel.setOpaque(false);
    m_buttonPanel = new JPanel(new GridLayout(1,3));
    m_buttonPanel.setOpaque(false);
    m_buttonPanel.add(m_iconize);
    m_buttonPanel.add(m_maximize);

    // Unchanged code
  }

  // title bar mouse adapter for frame dragging
  class InnerFrameTitleBarMouseAdapter 
  extends MouseInputAdapter
  {
    // Unchanged code

    // don't allow dragging outside of parent
    public void mouseDragged(MouseEvent e) {
      int ex = e.getX();
      int ey = e.getY();
      int x = m_if.getX();
      int y = m_if.getY();
      int w = m_if.getParent().getWidth();
      int h = m_if.getParent().getHeight();
      if (m_dragging & m_if.isDraggable()) {
        if((ey + y > 0 && ey + y < h) && 
          (ex + x > 0 && ex + x < w))
        {
          m_if.setLocation(ex-m_XDifference+x, ey-m_YDifference+y);
        }
        else if (!(ey + y > 0 && ey + y < h) && 
          (ex + x > 0 && ex + x < w)) 
        {
          if (!(ey + y > 0) && ey + y < h) {
            m_if.setLocation(ex-m_XDifference+x, 0-m_YDifference);
          else if (ey + y > 0 && !(ey + y < h))
            m_if.setLocation(ex-m_XDifference+x, h-m_YDifference);
        }
        else if ((ey + y > 0 && ey + y < h) && 
          !(ex + x > 0 && ex + x < w)) 
        {
          if (!(ex + x > 0) && ex + x < w)
            m_if.setLocation(0-m_XDifference, ey-m_YDifference+y);
          else if (ex + x > 0 && !(ex + x < w)) 
            m_if.setLocation(w-m_XDifference, ey-m_YDifference+y);
        }
        else if (!(ey + y > 0) && ey + y < h 
         && !(ex + x > 0) && ex + x < w) 
          m_if.setLocation(0-m_XDifference, 0-m_YDifference);
        else if (!(ey + y > 0) && ey + y < h 
         && ex + x > 0 && !(ex + x < w)) 
          m_if.setLocation(w-m_XDifference, 0-m_YDifference);
        else if (ey + y > 0 && !(ey + y < h)
         && !(ex + x > 0) && ex + x < w) 
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          m_if.setLocation(0-m_XDifference, h-m_YDifference);
        else if (ey + y > 0 && !(ey + y < h)
         && ex + x > 0 && !(ex + x < w)) 
          m_if.setLocation(w-m_XDifference, h-m_YDifference);
      }
    }

    // Unchanged code
  }

  // Unchanged code

  ///////////////////////////////////////////////
  /////////// Mouse Event Capturing /////////////
  ///////////////////////////////////////////////

  class CapturePanel extends JPanel 
  {
    public CapturePanel() {
      MouseInputAdapter mia = new MouseInputAdapter() {};
      addMouseListener(mia);
      addMouseMotionListener(mia);
    }
  }

  // Unchanged code
}

Understanding The Code: 

Class InnerFrame

New class variables:

ImageIcon MAXIMIZE_BUTTON_ICON: icon used for the maximize button =  [black interior]

ImageIcon PRESS_MAXIMIZE_BUTTON_ICON:iconusedforthemaximizebuttoninthepressedstate=

 [dark green interior]

ImageIcon MINIMIZE_BUTTON_ICON:icon used forthe maximize button to representminimization =

 [black interior]

ImageIcon PRESS_MINIMIZE_BUTTON_ICON:icon used forthemaximizebutton in thepressed state,

representingminimization =  [dark green interior]

New instance variables:

int m_x: used to record the location of InnerFrame before a maximize occurs

int m_y: used to record the location of InnerFrame before a maximize occurs

boolean m_maximizable: true when frame can be maximized.

boolean m_resizable: True when InnerFrame is not iconified or maximized.

JRootPane m_rootPane: central InnerFrame container--all external access is restricted to this
container and its panes.

InnerFrameButton m_maximize: the maximize title bar button.

TheInnerFrame constructorsnow supportafourth boolean parameterspecifying whethertheframewillbe
maximizable or not. 
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The populateInnerFrame() method is now responsible for creating a JRootPane to be used as
InnerFrame’scentralcontainer.SinceInnerFrame now implementstheRootPaneContainer interface,
we are required to implement access to this JRootPane and its contentPane,layeredPane,glassPane
and JMenuBar justas a JFrame or JInternalFrame.Thus get() and set() methods have been
implemented for each of these constituents.

The setupCapturePanel() method places an instance of our mouse-event-consuming panel,
CapturePanel (see below),  in the lowest possible layer of of our rootPane’slayeredPane:

  protected void setupCapturePanel() {
    CapturePanel mouseTrap = new CapturePanel();
    m_rootPane.getLayeredPane().add(mouseTrap, 
      new Integer(Integer.MIN_VALUE));
    mouseTrap.setBounds(0,0,10000,10000);
  }

W e setthe bounds of this CapturePanel to be extremely large so we are,for allpracticalpurposes,
guaranteed that mouse events will not pass through the ‘back’ of InnerFrame.

The add() and setLayout() methodswe had redirected to anotherpanelin the lastsection,have been
modified to return nulland do nothing respectively.ThisenforcesInnerFrame containeraccessthrough its
JRootPane constituents, similar to all other primary Swing containers.

ThesetMaximizable() methodhasbeenaddedtocontrolthestateofthem_maximizeable propertyand
thevisibility of the m_maximize button in the title bar.

M ethod setMaximized() has also been added for maximize and minimize functionality. W hen
InnerFrame istold to maximize itfirstchecksto see ifitisiconified.Ifitisitdeiconifiesitself.Then it
records its dimensions and location and resizes itself to be the size of its parentcontainer.Itswaps the
maximize button icon for thatrepresenting minimize,and setResizable(false) is called to remove
mouse listeners (we should not be able to resize a maximized frame). Finally a new method called
setDraggable() is called and passed a false value.This method controls a flag thatthe title bar’s
mouseDragged() method checksbefore along InnerFrame to be dragged.Ifwe setthisflag to false
InnerFrame will not be draggable. In the maximized state this is desirable.

  public void setMaximized(boolean b) {
    m_maximized = b;
    if (b)
    {
      if (isIconified())
       setIconified(false);

      toFront();
      m_width = getWidth();     // remember width
      m_height = getHeight();   // remember height
      m_x = getX();             // remember x
      m_y = getY();             // remember y
      setBounds(0, 0, getParent().getWidth(),
        getParent().getHeight());
      m_maximize.setIcon(MINIMIZE_BUTTON_ICON);
      m_maximize.setPressedIcon(PRESS_MINIMIZE_BUTTON_ICON);
      setResizeable(false);
      setDraggable(false);
    }

W hen aminimizeoccurs,InnerFrame ismoved to therecorded location,setto itsstored width and height,
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and the maximize/minimize button icons are swapped again. setResizable(true) and
setDraggable(true) restore full resizeable and draggable functionality:

    else {
      toFront();
      setBounds(m_x, m_y, m_width, m_height);
      m_maximize.setIcon(MAXIMIZE_BUTTON_ICON);
      m_maximize.setPressedIcon(PRESS_MAXIMIZE_BUTTON_ICON);
      setResizeable(true);
      setDraggable(true);
    }

ThesetIconified() methodhasbeenmodifiedtotakeintoaccountthepossibilitythatInnerFrame may
be iconified from within the maximized state. In this case we callsetMaximized(false) before
proceeding with the iconfication.

Them_maximize button iscreated forplacementin thetitlebar,and an ActionListener isattached with
an actionPerformed() method that invokes setMaximized(). The title bar’s button panel then
allocatesan additionalcell(itusesGridLayout)form_maximize,and itisadded between theiconify and
close buttons.

Class InnerFrame.InnerFrameTitleBarM ouseAdapter

This class’smouseDragged() method is now muchmore involved.It issomewhatoverwhelmingatfirst,but
all of this code is actually necessary to smoothlystoptheselectedInnerFrame from beingdraggedoutsideof
the visible region of its parent.This code handles allmouse positions allowing verticalmovementwhen
horizontalisnotpossible,horizontalmovementwhen verticalisnotpossible,and allcombinationsofpossible
dragging,whilemakingsurethatInnerFrame neverleavesthevisibleregionofitsparent.Itisnotnecessary
thatyouworkthroughthedetails,butitisencouraged(similartothecodefortheXXResizeEdge classes),as
itwillprovidean appreciation forhow complicated situationssuch asthiscan be dealtwith in an organized
mannar.

Reference:Similarcodewillbeused in Chapter16,section 16.5,wherewebuild an X windowsstylepagerthatis
not allowed to leave the JDesktopPane view.

Note: W e havenotimplementedcodetostop theuserfrom resizinganInnerFrame sothatitstitlebarliesoutside
ofthelayeredpaneview. Thiscanresultinalostframe.Inordertoprovideasolutiontothiswewouldhaveto
add aconsiderableamountofcode to the NorthResizeEdge mouseDragged() method.Itcan be done
butwe willavoid ithere because otherissues deserve more attention.In a commercialimplementation we
would want to include code to watch for this. It is interesting that this is not handled in the
JDesktopPane/JInternalFrame M DI.

Class InnerFrame.CapturePanel

As we noticed in the past two stages of development, mouse events would pass right through our
InnerFrames.By constructing a componentto capture mouse events and placing itin ourrootPane‘s
layeredPane,we can stop this from happening.This is the purpose ofCapturePanel.Itis a simple
JPanel with an empty MouseInputAdapter shell attached as a MouseListener and
MouseMotionListener.Thisadapterwillconsumeanymouseeventspassed to it.W hen anInnerFrame
isconstructed,aswediscussed above,aCapturePanel instanceisadded atthelowestpossiblelayerofits
layeredPane.Thus,mouse events thatdon’tgethandled by a componentin a higherlayer,such as its
contentPane, will get trapped here.
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Running The Code

Notethat we’ve added one line to LayeredPaneDemo in this section that we didn’tmentionyet:

  frames[i].getContentPane().add(new JScrollPane(new JLabel(ii)));

This places a JScrollPane containing a JLabel with an image in InnerFrame’scontentPane.

Figure 15.8 shows LayeredPaneDemo in action.Experimentwith maximizing,iconifying and restoring.
Drag frames all around the layered pane and ensure that they cannot be lost from view. Now resizeaframeand
noticethatwecan losethetitlebarifitisresizedaboveourJFrame titlebar.(Thisisaflaw thatshould be
accounted for in any commercial M DI.)

Now try maximizing an InnerFrame and changing the size of the JFrame.You willnotice thatthe
maximized InnerFrame does notchange size along with its parent.In the nextsection we show how to
implement this as well as other important features.

15.6 Creating a custom M DI: part IV - Selection and management
W hen we resize our JFrame it would be nice if iconified frames lined up and stayed atthebottom.Thiswould
preventthem from being lostfrom the layered pane view,and would also increase the organized feelofour
M DI.Similarly,when an InnerFrame ismaximized itshould alwaysfillthe entire viewable region ofits
parent.Thus,itwould be nice to havesome way ofcontrolling the layoutofourInnerFrames when the
parent is resized. W e can do this by extending JLayeredPane and implementing the
java.awt.event.ComponentListener interface to listen for resize ComponentEvents. W e can
captureand handleeventssentto thecomponentResized() method to lay outiconified framesand resize
maximized framesin a mannersimilarto mostmodern M DIenvironments.(Note thatwe could also extend
ComponentAdapter and usean instanceoftheresulting classasaComponentListener attached to our
JLayeredPane.As is often the case,there is more than one way to implementthe functionality we are
looking for for.) In this section we’ll build a JLayeredPane subclass that implements
ComponentListener, and add it to our mdi package.

Another limiting characteristic ofInnerFrame is thatthe only way to getthe focus,and to move an
InnerFrame tothefrontofthelayeredpaneview,istoclickonitstitlebar.Ideally,clickinganywhereonan
InnerFrame shouldmoveitto thefrontofthelayered paneview.ThisiswhereJRootPane’sglassPane
comesin handy.Since ourInnerFramesnow contain a JRootPane astheirmain containerwe can use the
glassPane to interceptmouse events and move the selected InnerFrame to the front.W e willneed to
make our glassPane completely transparent,and itshould only be active (i.e.receiving mouse events)
withinanInnerFrame whenthatInnerFrame isnotintheforemostposition ofitslayer(seesection 15.1).
Thus,only oneInnerFrame perlayershould havean inactiveglassPane.Thisone frame istheselected
InnerFrame--the one with the current user focus. 

It is customary to visually convey to theuserwhichframeisselected.W ewilldothisbyaddinganew boolean
property to ourInnerFrame representing whetherornotitisselected.W e willmanipulate thisproperty in
such a way thatthere can be only one selected InnerFrame perlayer.A selected InnerFrame willbe
characterised by unique border and title bar colors.
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Figure 15.9. Custom  M DI: part IV

<<file figure15-9.gif>>

The Code: InnerFram e.java
see\Chapter15\5\m di

package mdi;

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.EmptyBorder;

public class InnerFrame 
extends JPanel implements RootPaneContainer
{
  // Unchanged code

  private static Color DEFAULT_TITLE_BAR_BG_COLOR =
    new Color(108,190,116);
  private static Color DEFAULT_BORDER_COLOR =
    new Color(8,90,16);
  private static Color DEFAULT_SELECTED_TITLE_BAR_BG_COLOR =
    new Color(91,182,249);
  private static Color DEFAULT_SELECTED_BORDER_COLOR =
    new Color(0,82,149);

  private Color m_titleBarBackground = 
    DEFAULT_TITLE_BAR_BG_COLOR;
  private Color m_titleBarForeground = Color.black;
  private Color m_BorderColor = DEFAULT_BORDER_COLOR;
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  private Color m_selectedTitleBarBackground =
    DEFAULT_SELECTED_TITLE_BAR_BG_COLOR;
  private Color m_selectedBorderColor = 
    DEFAULT_SELECTED_BORDER_COLOR;

  private boolean m_selected;

  // Unchanged code

  protected void setupCapturePanel() {
    CapturePanel mouseTrap = new CapturePanel();
    m_rootPane.getLayeredPane().add(mouseTrap, 
      new Integer(Integer.MIN_VALUE));
    mouseTrap.setBounds(0,0,10000,10000);
    setGlassPane(new GlassCapturePanel());
    getGlassPane().setVisible(true);
  } 

  // Unchanged code

  public void toFront() {
    if (getParent() instanceof JLayeredPane)
      ((JLayeredPane) getParent()).moveToFront(this);
    if (!isSelected())
      setSelected(true);
  }

  // Unchanged code

  public boolean isSelected() {
    return m_selected;
  }

  public void setSelected(boolean b) {
    if (b) 
    {
      if (m_selected != true && 
        getParent() instanceof JLayeredPane)
      {
        JLayeredPane jlp = (JLayeredPane) getParent();
        int layer = jlp.getLayer(this);
        Component[] components = jlp.getComponentsInLayer(layer);
        for (int i=0; i<components.length; i++) {
          if (components[i] instanceof InnerFrame) {
            InnerFrame tempFrame = (InnerFrame) components[i];
            if (!tempFrame.equals(this))
              tempFrame.setSelected(false);
          }
        }
        m_selected = true;
        updateBorderColors();
        updateTitleBarColors();
        getGlassPane().setVisible(false);
        repaint();
      }
    }
    else 
    {
      m_selected = false;
      updateBorderColors();
      updateTitleBarColors();
      getGlassPane().setVisible(true);
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      repaint();
    }
  }

  ////////////////////////////////////////////
  //////////////// Title Bar /////////////////
  ////////////////////////////////////////////

  public void setTitleBarBackground(Color c) {
    m_titleBarBackground = c;
    updateTitleBarColors();
  }

  public Color getTitleBarBackground() {
    return m_titleBarBackground;
  }

  public void setTitleBarForeground(Color c) {
    m_titleBarForeground = c;
    m_titleLabel.setForeground(c);
    m_titlePanel.repaint();
  }

  public Color getTitleBarForeground() {
    return m_titleBarForeground;
  }

  public void setSelectedTitleBarBackground(Color c) {
    m_titleBarBackground = c;
    updateTitleBarColors();
  }

  public Color getSelectedTitleBarBackground() {
    return m_selectedTitleBarBackground;
  }

  protected void updateTitleBarColors() {
    if (isSelected())
      m_titlePanel.setBackground(m_selectedTitleBarBackground);
    else
      m_titlePanel.setBackground(m_titleBarBackground);
  }

  // Unchanged code

  protected void createTitleBar() {
    // Unchanged code
    m_titleLabel.setForeground(m_titleBarForeground);
  }

  // Unchanged code

  ///////////////////////////////////////////////
  ///////////// GlassPane Selector //////////////
  ///////////////////////////////////////////////

  class GlassCapturePanel extends JPanel
  {
    public GlassCapturePanel() {
      MouseInputAdapter mia = new MouseInputAdapter() {
        public void mousePressed(MouseEvent e) {
          InnerFrame.this.toFront();
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        }
      };
      addMouseListener(mia);
      addMouseMotionListener(mia);
      setOpaque(false);
    }
  }

  ///////////////////////////////////////////////
  //////////////// Resizability /////////////////
  ///////////////////////////////////////////////

  public void setBorderColor(Color c) {
    m_BorderColor = c;
    updateBorderColors();
  }

  public Color getBorderColor() {
    return m_BorderColor;
  } 

  public void setSelectedBorderColor(Color c) {
    m_selectedBorderColor = c;
    updateBorderColors();
  }

  public Color getSelectedBorderColor() {
    return m_selectedBorderColor;
  } 

  protected void updateBorderColors() {
    if (isSelected()) {
      m_northResizer.setBackground(m_selectedBorderColor);
      m_southResizer.setBackground(m_selectedBorderColor);
      m_eastResizer.setBackground(m_selectedBorderColor);
      m_westResizer.setBackground(m_selectedBorderColor);
    } else {
      m_northResizer.setBackground(m_BorderColor);
      m_southResizer.setBackground(m_BorderColor);
      m_eastResizer.setBackground(m_BorderColor);

m_westResizer.setBackground(m_BorderColor);
    }
  }

  // Unchanged code
}

The Code: M DIPane.java
see\Chapter15\5\m di

package mdi;

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;

public class MDIPane 
extends JLayeredPane
implements ComponentListener
{
  public MDIPane() {
    addComponentListener(this);
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    setOpaque(true);

    // default background color
    setBackground(new Color(244,232,152));
  }

  public void componentHidden(ComponentEvent e) {}
  public void componentMoved(ComponentEvent e) {}
  public void componentShown(ComponentEvent e) {}
  public void componentResized(ComponentEvent e) { lineup(); }
  public void lineup() {
    int frameHeight, frameWidth, currentX, 
      currentY, lheight, lwidth;
    lwidth = getWidth();
    lheight = getHeight();
    currentX = 0;
    currentY = lheight;
    Component[] components = getComponents();
    for (int i=components.length-1; i>-1; i--) {
      if (components[i] instanceof InnerFrame) {
        InnerFrame tempFrame = (InnerFrame) components[i];
        frameHeight = tempFrame.getHeight();
        frameWidth = tempFrame.getWidth();
        if (tempFrame.isMaximized()) {
          tempFrame.setBounds(0,0,getWidth(),getHeight());
          tempFrame.validate(); 
          tempFrame.repaint();
        }
        else if (tempFrame.isIconified()) {
          if (currentX+frameWidth > lwidth) {
            currentX = 0;
            currentY -= frameHeight;
          }
          tempFrame.setLocation(currentX, currentY-frameHeight);
          currentX += frameWidth;
        }
      }
    }
  }
}

Understanding The Code: 

Class LayeredPaneDemo

Theonly changesthathavebeen madeto thisclassisthereplacementofthedefaultJLayeredPane in our
application frame with an instance of our custom MDIPane (see below).

Class InnerFrame

The following class variables have been added:

Color DEFAULT_TITLE_BAR_BG_COLOR: default title bar background.

Color DEFAULT_BORDER_COLOR: default border background.

Color DEFAULT_SELECTED_TITLE_BAR_BG_COLOR: default selected title bar background.

Color DEFAULT_SELECTED_BORDER_COLOR: default selected frame border.

New instance variables:

Color m_titleBarBackground: current title bar background.

Color m_titleBarForeground: current title bar foreground.
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Color m_BorderColor: current border.

Color m_selectedTitleBarBackground: current selected title bar background.

Color m_selectedBorderColor: current selected border background.

boolean m_selected: true when frame is selected.

ThesetupCapturePanel() method now addsacallto setInnerFrame’sglassPane to an instanceof
ourcustom classGlassCapturePanel (seebelow).Thisallowsselection viaclicking on any region ofan
inactiveInnerFrame.

W e’veinserted an additionalcheck in thetoFront() method to callsetSelected(true) ifthatframeis
not already selected:

    if (!isSelected())
      setSelected(true);

The isSelected() method hasbeen added to simply return the currentvalue ofm_selected,and method
setSelected() is what actually controlls this property.

M ethod setSelected() takesa boolean value representing whetherthe frame should be selected orde-
selected.If it is to be selected and itresides in a JLayeredPane,this method searches for allother
InnerFrame siblingsin thesamelayerofthatJLayeredPane and callssetSelected(false) on each
one itfinds.Then we setthe currentInnerFrame’s selected property,m_selected,to true and call
updateBorderColors() and updateTitleBarColors() (seebelow)to visuallyconveythatthisisthe
selected frame:

      m_selected = true;
      updateBorderColors();
      updateTitleBarColors();
      getGlassPane().setVisible(false);
      repaint();

TheglassPane ishidden wheneveraframeisselected so thatmouseeventswillno longerbetrapped (see
GlassCapturePanel below).W hen aframeisde-selected (i.e.setSelected(false) hasbeen called),
thismethod disables its selected property, calls the updateXXColors() methods, and brings its glassPane
out of hiding so that it may intercept mouse events for future selection:

      m_selected = false;
      updateBorderColors();
      updateTitleBarColors();
      getGlassPane().setVisible(true);
      repaint();

This whole scheme provides us with a guarantee that only one InnerFrame will be selected per
JLayeredPane layer.

M ethods setTitleBarBackground(), setTitleBarForeground(), and
setSelectedTitleBarBackground() have allbeen added to manage the state ofthe currenttitle bar
colorproperties.Each ofthese methods callsupdateTitleBarColors() so thatthe changes made are
actually applied to the title barand bordercomponents.In the JavaBeans spirit,we’ve also added get()
methods to retreive these properties.

Similarly, methods setBorderColor(), setSelectedBorderColor(), updateBorderColors(),
and associated get() methods,to manage the border color properties.The updateBorderColors()
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method is responsible for applying these colors to each of the resize edge components.

Class mdi.InnerFrame.GlassCapturePanel

This class is almost identical to our CapturePanel inner class. The only difference is that its
MouseInputAdapter overrides the mousePressed() method to call toFront() on the associated
InnerFrame.

        public void mousePressed(MouseEvent e) {
          InnerFrame.this.toFront();
        }

Aswe saw above,toFront() callssetSelected() asnecessary.Instancesofthisclassare used asthe
glassPane ofeach InnerFrame’sJRootPane.GlassCapturePanel isactive(visible)when itsparent
InnerFrame is notselected.Itis inactive (hidden) when the associated InnerFrame is selected.This
activation is controlled by the setSelected() method,as we saw above.The only function of this
componentis to provide a means of switching InnerFrame selection by clicking on any portion of an
unselectedInnerFrame.

Class mdi.M DIPane

This class extends JLayeredPane and implements the java.awt.event.ComponentListener
interface.W heneverthiscomponentisresized thecomponentResized() method isinvoked.Thismethod
invokeslineup()whichgrabsan arrayofallComponents within theMDIPane.W ethen loop through this
array, each time checking whether the Component at the current index is an instance of InnerFrame.

    Component[] components = getComponents();
    for (int i=components.length-1; i>-1; i--) {
      if (components[i] instanceof InnerFrame) {

If it is we then check if it is maximized or iconified. If it is maximized we resetitsboundstocompletelyfillthe
visible region oftheMDIPane.Ifitisiconified we place itatthe bottom ofthe layered pane.Thismethod
locally maintainsthe position where the nexticonified frame should be placed (currentX and currentY)and
placestheseframesin rows,stacked from bottom up,thatcompletely fitwithinMDIPane’shorizontalvisible
region (refer back to the code for details).

Running The Code

Figure 5.9 shows LayeredPaneDemo in action.Iconify the InnerFrames and adjustthe size of the
application frame to see the layout change. Now maximize an InnerFrame and adjust the sizeoftheJFrame
to see that the InnerFrame is resized appropriately. You may also want to experiment with the
LayeredPaneDemo constructorand add anothersetortwo ofInnerFrames to differentlayers.You will
see that there can only be one selected InnerFrame per layer, as expected.

This method of organizing iconified frames is certainly not adequate for professional implementations.
However,developingitanyfurtherwouldtakeusabittoofarinto thedetailsofM DIconstruction.Ideallywe
mightimplementsomesortofmanagerthatInnerFramesand MDIPane can useto communicatewith one
another.(In the nextchapterwe willdiscuss a class called DesktopManager which functions as such a
communicationsbridgebetweenJDesktopPane anditsJInternalFrame children.W ewillalsolearnthat
such a manager, as simple as it is, provides us with a great deal of flexibility.)

15.7 Creating a custom M DI: part V - JavaBeans compliance
The functionality ofourInnerFrame isprettymuchcompleteatthispoint.However,thereisstillmuchtobe
desired ifwe plan to use InnerFrame in the field.JavaBeans compliance is one feature thatnotonly is
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popular,buthascometo beexpected ofeach and everyJavaGUIcomponent.In thissection wewillenhance
InnerFrame by implementing the Externalizable interface, providing us with fullcontrolover its
serialization.Although JComponent providesa defaultserialization mechanism forallSwing components,
thisisfarfrom reliableatthetimeofthiswriting.Implementing ourown serialization mechanism isnotonly
reliable and safe forboth long and short-term persistency,butitis also efficient.The defaultserialization
mechanism tends to store muchmore information than we actually need.

Figure 15.10. Custom  M DI: part V

<<file figure15-10.gif>>

The Code: InnerFram e.java
see\Chapter15\6\m di

package mdi;

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.EmptyBorder;

public class InnerFrame 
extends JPanel implements RootPaneContainer, Externalizable
{
  // Unchanged code

  ///////////////////////////////////////////////
  /////////////// Serialization /////////////////
  ///////////////////////////////////////////////

  public void writeExternal(ObjectOutput out)
 throws IOException

  {
    out.writeObject(m_titleBarBackground);
    out.writeObject(m_titleBarForeground);
    out.writeObject(m_BorderColor);
    out.writeObject(m_selectedTitleBarBackground);
    out.writeObject(m_selectedBorderColor);
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    out.writeObject(m_title);

    out.writeBoolean(m_iconizeable);
    out.writeBoolean(m_resizeable);
    out.writeBoolean(m_closeable);
    out.writeBoolean(m_maximizeable);

    out.writeObject(m_frameIcon);
    out.writeObject(getBounds());
  }

  public void readExternal(ObjectInput in)
    throws IOException, ClassNotFoundException
  {
    setTitleBarBackground((Color)in.readObject());
    setTitleBarForeground((Color)in.readObject());
    setBorderColor((Color)in.readObject());
    setSelectedTitleBarBackground((Color)in.readObject());
    setSelectedBorderColor((Color)in.readObject());

    setTitle((String)in.readObject());

    setIconizeable(in.readBoolean());
    setResizeable(in.readBoolean());
    setCloseable(in.readBoolean());
    setMaximizeable(in.readBoolean());
    setSelected(false);

    setFrameIcon((ImageIcon)in.readObject());
    Rectangle r = (Rectangle)in.readObject();
    r.x = getX();
    r.y = getY();
    setBounds(r);
  }
}

Understanding The Code: 

Theadded supportforInnerFrame serialization here isquite simple.ThereadExternal() method will
be invoked when readObject() is called on a given ObjectInput stream pointing to a previouly
serializedInnerFrame. The writeExternal() methodwillbeinvokedwhenwriteObject() ispassedan
InnerFrame and called on agivenObjectOutput stream.Referback to chapter4,section 4.7 to seehow
this is implemented in our BeanContainer JavaBeans environment.

Running The Code

Figure5.10 showsan instanceofInnerFrame,instantiated from aserialized InnerFramesaved to disk,and
loaded into ourJavaBeansproperty editing environment.W e started the construction ofthisenvironmentin
chapter4 and itwillbecompleted (asshown)in chapter18.Thepointto makehereisthatInnerFrame is
now aJavaBean.Therearecertainly many waysto makeInnerFrame a betterbean.Specifically,many of
the class variables would allow greaterflexibility as properties,such as the defaulttitle barheight,border
thickness, frame icon padding,buttonicons,etc.(SomeofthesemightactuallybebetteroffwithinUIdelegate
code.Colors and button icons should change with look-and-feel,notbe partofthe componentitself.)W e
could also add supportforcommunication (which iscompletely lacking inInnerFrame now).Forinstance,
we could make m_maximized into a bound or constrained property by sending out
PropertyChangeEvents or VetoableChangeEvents respectively (refer back to chapter 2 for a
discussionofJavaBeansandproperties.).Inthiswaywecouldnotifyinterestedlistenersthatamiximizationis
about to occur (in the case that m_maximize is constrained), and give them an opportunity to veto it.
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Anothermajorfeature lacking in InnerFrame islook-and-feelsupport.The title barand borderslook like
standard army-issued componentsatbest.They should respond to look-and-feelchangesjustlike any other
Swing component.In chapter21 we willimplementsupportforallthe majorlook-and-feels(M etal,M otif,
W indows) for InnerFrame, plus our own custom look-and-feel (M alachite).
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Chapter 16. Desktops and Internal 
Frames
In this Chapter:

• JDesktopPane and JInternalFrame

• Internalizable/Externalizable frames

• Cascading and outline dragging mode

• An X windows style desktop environment

• A networked multi-user desktop using sockets

16.1 JDesktopPane and JInternalFrame

16.1.1 JDesktopPane

class javax.swing.JDesktopPane

JDesktopPane isapowerfulextension ofJLayeredPane builtspecifically to manageJInternalFrame children.
ThisisSwing’sversion ofamultipledocumentinterface,afeature common to mostmodern operating system
desktops. In the last chapter we created our own M DI from scratch. Both our M DI and the
JDesktopPane/JInternalFrame prebuiltM DIare quite powerful.This chapterfocuses mostly on the
latter, but we will relate the discussion of it to our own often.

16.1.2 JInternalFrame

class javax.swing.JInternalFrame

ThepurposeofJDesktopPane istoprovideaspecializedcontainerforJInternalFrames.W ecanaccess
its contents identically to JLayeredPane.There are severaladditionalconvenience methods defined in
JDesktopPane for accessing JInternalFrame children (see API docs) and attaching a
DesktopManager implementation (see below).

JInternalFramesarevery similarto ourcustom InnerFramesofchapter15.They can bedragged, resized,
iconified, maximized, and closed. JInternalFrame contains a JRootPane as its main container and
implements the RootPaneContainer interface. W e can access a JInternalFrame’s rootPane and its
associatedglassPane,contentPane,layeredPane, and menuBar the same way we access them inJFrame andin
ourInnerFrame.

16.1.3 JInternalFrame.JDesktopIcon

class javax.swing.JInternalFrame.JDesktopIcon

ThisrepresentsaJInternalFrame in itsiconified state.W e are warned againstusing thisclassasitwill
disappearin futureversionsofSwing:“ThisAPIshould NOT BE USED by Swing applications,asitwillgo
awayin futureversionsofSwing asitsfunctionalityismoved intoJInternalFrame.”API Currently when a



2

JInternalFrame is iconified itis removed from itsJDesktopPane and a JDesktopIcon instance is
addedtorepresentit.InfutureversionsofSwingJInternalFrame willhaveJDesktopIcon functionality
built into it.

16.1.4 DefaultDesktopM anager

class javax.swing.DefaultDesktopM anager

Thisisthe concrete defaultimplementation oftheDesktopManager interface.An instance ofthisclassis
attached to each JDesktopPane if a custom DesktopManager implementation is not specified.

16.1.5 The DesktopM anager interface

abstract interface javax.swing.DesktopM anager

Each JDesktopPane has a DesktopManager objectattached to itwhose job itis to manage alloperations
performed on JInternalFrameswithin thedesktop.DesktopManager methodsareautomaticallycalled from
the associated JDesktopPane when an action isinvoked on a JInternalFrame within thatdesktop.These are
usually invoked when the user performs some action on a JInternalFrame with the mouse:
activateFrame(JInternalFrame f)

beginDraggingFrame(JComponent f)

beginResizingFrame(JComponent f, int direction)

closeFrame(JInternalFrame f)

deactivateFrame(JInternalFrame f)

deiconifyFrame(JInternalFrame f)

dragFrame(JComponent f, int newX, int newY)

endDraggingFrame(JComponent f)

endResizingFrame(JComponent f)

iconifyFrame(JInternalFrame f)

maximizeFrame(JInternalFrame f)

minimizeFrame(JInternalFrame f)

openFrame(JIntenerlFrame f)

resizeFrame(JComponent f, int newX, int newY, int newWidth, int newHeight)

setBoundsForFrame(JComponent f, int newX, int newY, int newWidth, int
newHeight)

Note that if we want to manually invoke say, iconification, on a JInternalFrame we should do the following:

    myJInternalFrame.getDesktopPane().getDesktopManager().
      iconifyFrame(myJInternalFrame);

W e could also directly call setIcon(true) on a JInternalFrame, but we are discouraged from doing so because 
itisnotgoodpracticetobypasstheDesktopManager.Thereason thisisnotgood practiceisthattheremay
benecessaryactionsdefined within theDesktopManager’siconifyFrame() method thatwould notbeinvoked.
So,in general, allcallsto methodsofJInternalFrame thathaveDesktopManager counterpartsshould
be delegated to the DesktopManager.

W e have written an animated demo that shows when andhow ofteneachDesktopManager methodiscalled.
See\Chapter16\4, and execute the DesktopManagerDemo class. Figure 16.1 illustrates.
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Figure 16.1   DesktopM anager anim ated dem o.

<<file figure16-1.gif>>

16.1.6 TheW indowConstnats interface

abstract interface javax.swing.W indowConstants

Refer to chapter 3 for a description of this interface.

BugAlert:usingDO_NOTHING_ON_CLOSE withsetDefaultCloseOperation() onaJInternalFrame
does not work as expected. See bug #4176136 at the Java Developer Connection Bug Parade:
http://developer.javasoft.com/developer/bugParade/bugs/4176136.html.This willmostlikely be fixed in the
next release of Java 2.

To capture the closing of a JInternalFrame and display a confirmation dialog we can constructthe
followingJInternalFrame subclass:

 class ConfirmJInternalFrame extends JInternalFrame
   implements VetoableChangeListener {

    public ConfirmJInternalFrame(String title, boolean resizable,
     boolean closable, boolean maximizable, boolean iconifiable) {
      super(title, resizable, closable, maximizable, iconifiable);
      addVetoableChangeListener(this);
    } 

    public void vetoableChange(PropertyChangeEvent pce) 
     throws PropertyVetoException {
      if (pce.getPropertyName().equals(IS_CLOSED_PROPERTY)) {
        boolean changed = ((Boolean) pce.getNewValue()).booleanValue();
        if (changed) {
          int confirm = JOptionPane.showOptionDialog(this,
            "Close " + getTitle() + "?", 
            "Close Confirmation",
            JOptionPane.YES_NO_OPTION,
            JOptionPane.QUESTION_MESSAGE,
            null, null, null);
          if (confirm == 0) {
            m_desktop.remove(this);
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            m_desktop.repaint();
          }
          else throw new PropertyVetoException("Cancelled",null);
        }
      }
    }
  }

Using this class in place ofJInternalFrame willalways display a confirmation dialog when the close
button is pressed. This code checks to see if the closed property has changed from its previous state. This is a 
constrained property which we can veto if desired (see chapter 2).Luckily this comes in realhandy for
working around the DO_NOTHING_ON_CLOSE bug. 

Iftheconfirmationdialogisdisplayedandthencancelled(i.e.eitherthe“NO”button ortheclosedialog button
ispressed)aPropertyVetoException isthrown which vetostheproperty changeand theinternalframe
will not be closed. Figure 16.2 illustrates.

Figure 16.2   Handling internal fram e closing w ith a close confirm ation dialog.

<<file figure16-2.gif>>

16.1.7  The InternalFrameListener interface

abstract interface  javax.swing.event.InternalFrameListener

Each JInternalFrame can have one ormore InternalFrameListeners attached.An InternalFrameListener

willreceiveInternalFrameEventsallowing usto captureand handlethem howeverwelikewith thefollowing
methods:

internalFrameActivated(InternalFrameEvent e)

internalFrameClosed(InternalFrameEvent e)

internalFrameClosing(InternalFrameEvent e)

internalFrameDeactivated(InternalFrameEvent e)

internalFrameDeiconified(InternalFrameEvent e)

internalFrameIconified(InternalFrameEvent e)

internalFrameOpened(InternalFrameEvent e)

InternalFrameListener and DesktopManager both exist to process changesinaJInternalFrame’sstate.
However,they can both be used to achievedifferentends.DesktopManager allowsusto defineinternalframe
handling methodsforallJInternalFrames within a given JDesktopPane,whereasInternalFrameListener
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allows us to define InternalFrameEvent handling unique to each individualJInternalFrame.W e can
attach a different InternalFrameListener implementation to each instance of JInternalFrame,
whereasonly one DesktopManager implementation can be attached to any instance ofJDesktopPane
(and thus, each of its children).

W e have written an animated demo thatshows when and how often each InternalFrameListener
method iscalled.See \Chapter16\5,and execute the InternalFrameListenerDemo class.Figure 16.3
illustrates.

Figure 16.3   InternalFram eListener anim ated dem o.

<<file figure16-3.gif>>

16.1.8 InternalFrameEvent

 class javax.swing.event.InternalFrameEvent

InternalFrameEvents are sent to InternalFrameListeners whenever a JInternalFrame is
activated,closed,abouttoclose,deactivated,deiconified,iconified,and opened.Thefollowing staticint IDs
designate which type of action an InternalFrameEvent corresponds to:
INTERNAL_FRAME_ACTIVATED

INTERNAL_FRAME_CLOSED

INTERNAL_FRAME_CLOSING

INTERNAL_FRAME_DEACTIVATED

INTERNAL_FRAME_DEICONIFIED

INTERNAL_FRAME_ICONIFIED

INTERNAL_FRAME_OPENED

InternalFrameEvent extends AWTEvent,and thus encapsultes its source and the associated eventID
(retrievable with getSource() and getID() respectively).

16.1.9 InternalFrameAdapter

class javax.swing.event.InternalFrameAdapter

Thisisaconcrete implementation oftheInternalFrameListener interface.Itisintended to beextended
for use by InternalFrameListener implementations that need to define only a subset of the
InternalFrameListener methods. All methods defined within this adapter class haveempty bodies.
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16.1.10 Outline dragging mode

JDesktopPane supportsan outline dragging mode to help with JInternalFrame dragging performance
bottlenecks.ToenablethismodeonanyJDesktopPane wemustsettheJDesktopPane.dragMode client
property:

    myDesktopPane.putClientProperty(
      "JDesktopPane.dragMode","outline");

Instead ofactuallymoving and painting theframewheneveritisdragged,an XOR’d rectangleisdrawn in its
place until the drag ends. The example in the next section shows outline draggingmode in action.

16.2  Internalizable/externalizable frames
M ost often in Java applets and applications we do not work in full-screen mode. Because of this
JDesktopPanes can often become very cluttered.W e may,atsome point,wantto have the option of
bringinganinternalframeoutsideofthedesktop.W ecallthisexternalizingaframe,forlack ofagiven name.
(Pleasedonotconfusetheuseof“externalizable” herewithJava’sExternalizable interface,anextension
of the Serializable interface.) Superfically, externalizing is the process of transforming a
JInternalFrame into a JFrame.

Now consideran application in which a maximized JFrame isused.W hen thismaximized frame gainsthe
focusithidesallotherexisting framesand dialogsbehind it.In situationswhereweneed to switch back and
forth between framesordialogsthiscan be quite annoying.In orderto accomodate forthisproblem we can
think of bringing dialogs and frames inside the maximized frame to a JDesktopPane. W e call this
internalizing a frame. Superficially, internalizing is the process of transforming a JFrame into a
JInternalFrame.

Figure 16.2 Internalizable/externalizable fram es

<<file figure16-2.gif>>

Althoughthereisnorealtransformationthatoccurs,thisiswhatappearstohappenfrom theuser’sperspective.
Internalizing and externalizing is actually achieved by moving the contentPane from a JFrame to a
JInternalFrame and viceversa, respectively. The process is simple to implement:

For externalization do the following:
1. Hide a JInternalFrame with setVisible(false).
2. Replace the contentPane of a hidden JFrame with that of the hidden JInternalFrame.
3. Reveal the JFrame using setVisible(true).
Internalization is just the opposite.
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Reference:W e constructed a smalldemo application showing how to do this in a Swing Connection ‘Tips and
Tricks’ article.  See http://java.sun.com/products/jfc/tsc/friends/tips/tips.html

16.3 Cascading and outline dragging mode
You are mostlikely familiar with the cascading layoutthatoccurs as new windows are opened in M DI
environments.Infact,ifyouhavelookedatanyofthecustom M DIexamplesofchapter15youwillhaveseen
thatwhen you starteach demo theInnerFramesare arranged in a cascaded fashion.Thisexample shows
how tocontrolcascadingforanarbitrarynumberofinternalframes.Additionaly,theabilitytoswitchbetween
any pluggable L&F available on your system is added, and outline dragging mode is enabled in our desktop.

Figure 16.3 Cascading Internal Fram es

<<file figure16-3.gif>>

The Code: CascadeDem o.java
see\Chapter16\1

import java.beans.PropertyVetoException;
import javax.swing.*;
import java.awt.event.*;
import java.awt.*;

public class CascadeDemo extends JFrame implements ActionListener
{
  private static ImageIcon EARTH;
  private int m_count;
  private int m_tencount;
  private JButton m_newFrame;
  private JDesktopPane m_desktop;
  private JComboBox m_UIBox;
  private UIManager.LookAndFeelInfo[] m_infos;

  public CascadeDemo() {
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    super("CascadeDemo");
    EARTH = new ImageIcon("earth.jpg");
    m_count = m_tencount = 0;

    m_desktop = new JDesktopPane();
    m_desktop.putClientProperty(
      "JDesktopPane.dragMode","outline");
    m_newFrame = new JButton("New Frame");
    m_newFrame.addActionListener(this);

    m_infos = UIManager.getInstalledLookAndFeels();
    String[] LAFNames = new String[m_infos.length];
    for(int i=0; i<m_infos.length; i++) {
      LAFNames[i] = m_infos[i].getName();
    }
    m_UIBox = new JComboBox(LAFNames);
    m_UIBox.addActionListener(this);

    JPanel topPanel = new JPanel(true);
    topPanel.add(m_newFrame);
    topPanel.add(new JLabel("Look & Feel:",SwingConstants.RIGHT));
    topPanel.add(m_UIBox);

    getContentPane().setLayout(new BorderLayout());
    getContentPane().add("North", topPanel);
    getContentPane().add("Center", m_desktop);

    setSize(570,400);
    Dimension dim = getToolkit().getScreenSize();
    setLocation(dim.width/2-getWidth()/2,
      dim.height/2-getHeight()/2);
    setVisible(true);
    WindowListener l = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(l);
  }

  public void newFrame() {
    JInternalFrame jif = new JInternalFrame("Frame " + m_count,
      true, true, true, true);
    jif.setBounds(20*(m_count%10) + m_tencount*80, 
      20*(m_count%10), 200, 200);

    JLabel label = new JLabel(EARTH);
    jif.getContentPane().add(new JScrollPane(label));

    m_desktop.add(jif);
try {

      jif.setSelected(true);
    }
    catch (PropertyVetoException pve) {
      System.out.println("Could not select " + jif.getTitle());
    }

    m_count++;
    if (m_count%10 == 0) {
      if (m_tencount < 3)
        m_tencount++;
      else 
        m_tencount = 0;
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    }
  }

  public void actionPerformed(ActionEvent e) {
    if (e.getSource() == m_newFrame)
      newFrame();
    else if (e.getSource() == m_UIBox) {
      m_UIBox.hidePopup(); // BUG WORKAROUND
      try {
        UIManager.setLookAndFeel(
          m_infos[m_UIBox.getSelectedIndex()].getClassName());
        SwingUtilities.updateComponentTreeUI(this);
      }
      catch(Exception ex) {
        System.out.println("Could not load " + 
          m_infos[m_UIBox.getSelectedIndex()].getClassName());
      }
    }
  }

  public static void main(String[] args) {
    new CascadeDemo();
  }
}

Understanding the Code

Class CascadeDemo

CascadeDemo extends JFrame to provide the main container for this example. The constructor is
responsible for initializing and laying outallGUI components.One class variable,EARTH,and several
instancevariables are needed: 

ImageIcon EARTH: image used in each JLabel.

int m_count: keeps track of the number of internal frames that exist within the desktop.

int m_tencount: incremented every time ten internal frames are added to the desktop.

JButton m_newFrame: used to add new JInternalFrames to m_desktop.

JDesktopPane m_desktop: container for our JInternalFrames.

JComboBox m_UIBox: used for L&F selection.

UIManager.LookAndFeelInfo[] m_infos:An array ofLookAndFeelInfo objectsused in changing
L&Fs.

The only code that may look unfamiliar to you in the constructor is the following:

    m_infos = UIManager.getInstalledLookAndFeels();
   String[] LAFNames = new String[m_infos.length];

    for(int i=0; i<m_infos.length; i++) {
      LAFNames[i] = m_infos[i].getName();
    }
    m_UIBox = new JComboBox(LAFNames);

TheUIManager classisinchargeofkeepingtrackofthecurrentlookand feelaswellasproviding uswith a
way to query information about the different look and feels available on our system. Its static
getInstalledLookAndFeels() method returns an array ofUIManager.LookAndFeelInfo objects
and we assign this array to m_infos.
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Each UIManager.LookAndFeelInfo objectrepresentsa differentlook-and-feelthatiscurrently installed
on oursystem.ItsgetName() method returnsa shortname representing itsassociated look and feel(e.g.
“M etal”,“CDE/M otif”,“W indows”,etc.).W e create an array ofthese Strings,LAFNames,with indices
corresponding to those of m_infos.

Finally we create a JComboBox,m_UIBox,using this array ofStrings.In the actionPerformed()
method (see below) when an entry in m_UIBox is selected we match it with its corresponding
UIManager.LookAndFeelInfo object in m_infos and load the associated look-and-feel.

The newFrame method is invoked wheneverm_NewButton is pressed.Firstthis method creates a new
JInternalFrame with resizable,closable,maximizable,and iconifiableproperties,and auniquetitlebased
on the current frame count:

    JInternalFrame jif = new JInternalFrame("Frame " + m_count, 
      true, true, true, true);

Theframeisthen sized to 200 x 200 and itsinitialposition within theourdesktop iscalculated based on the
valueofm_count and m_tencount.Thevalueofm_tencountisperiodicallyresetsothateachnew internal
framelieswithin ourdesktop view (assuming wedo notresizeourdesktop to haveasmallerwidth than the
maximum of 20*(m_count%10) + m_tencount*80, and a smaller height than the maximum of
20*(m_count%10).This turns outto be 420 x 180,where the maximum ofm_count%10 is 9 and the
maximum of m_tencount is 3).

    jif.setBounds(20*(m_count%10) + m_tencount*80, 
 20*(m_count%10), 200, 200);

Note:You mightimagineamoreflexiblecascading schemethatpositionsinternalframesbased on thecurrentsize
of the desktop. In general a rigid cascading routine is sufficient, but we are certainly not limited to this.

A JLabel with an image isadded to aJScrollPane,which isthen added to thecontentPane ofeach
internalframe.Each frameisadded to thedesktop in layer0 (thedefaultlayerwhen noneisspecified).Note
thatadding an internalframeto thedesktop doesnotautomatically placethatframeatthefrontmostposition
within the specified layer, and it is not automatically selected. To force both ofthesethingstooccurweusethe
JInternalFrame setSelected() method (which requires us to catch a
java.beans.PropertyVetoException).

Finally the newFrame() method incrementsm_count anddetermineswhethertoincrementm_tencount or
resetitto 0.m_tencount isonlyincremented afteragroup of10 frameshasbeen added (m_count%10 == 
0)and is only resetafterithas reached a value of3.So 40 internalframes are created foreach cycle of
m_tencount (10 for m_tencount = 0, 1, 2, and 3).

    m_count++;
    if (m_count%10 == 0) {
      if (m_tencount < 3)
        m_tencount++;
      else 
        m_tencount = 0;

  }

The actionPerformed() method handles m_newFrame button presses and m_UIBox selections.The
m_newFrame buttoninvokesthenewFrame() methodandselectingalook and feelfrom m_UIBox changes
the application to use that L&F. Look-and-feel switching is done by calling the UIManager
setLookAndFeel() method and passing it the classname of the L&F touse(whichwestoredinthem_infos
arrayintheconstructor).CallingSwingUtilities.updateComponentTreeUI(this) changesthelook
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and feel of everything contained within the CascadeDemo frame (refer back to chapter 2).

Bug Alert:The callto m_UIBox.hidePopup() isadded to avoid a nullpointerexception bug thatis caused
when changing the look-and-feel of an active JComboBox. W e expect this to be fixedinafutureJava2release.

Running the Code:

Figure16.2 showsCascadeDemo in action.ThisfigureshowsaJInternalFrame in theprocessofbeing
dragged in outline dragging mode.Try creating plenty offrames to make sure thatcascading is working
properly.Experimentwith differentL&Fs.Asafinaltestcommentoutthem_UIBox.hidePopup() callto
check if this bug has been fixed in yourversion of Java.

16.4 An X-like desktop environment
SomeX windowssystems(specificallyfvwm,Panorama(SCO),and TED (TriTeal))providewhatisreferred
to asapager.Thisisasmallwindow thatsitsin thedesktop (usually atthetop ofthescreen)and showsthe
positionsofallwindowscontained in the desktop.By clicking ordragging the mouse inside the pagerthe
user’sview ismoved to the associated location within the desktop.Thisisvery helpfulto X windowsusers
because these systems often support very large desktops. Often they are larger than four times the actualsizeof
the screen.Figure 16.4 showsa pagerrunning on a Linux system with a desktop nine timesthe size ofthe
screen.

Figure 16.4 A Linux pager

<<file figure16-4.gif>>

In thisexamplewedevelop ourown partialimplementation ofapagerforuse withJDesktopPane and its
JInternalFrame children.W e show itin use with a fairly large JDesktopPane (1600x1200).This
desktop is scrollable and the pager will always stay in the user’s current view, even when scrolling.

Note:In this example we use a custom package called resize.The classes contained in this package were
introduced in chapter 15 as our XXResizeEdge components.Referback to chapter15 ifyou have any
questionsregarding thiscode.W edo notexplain how itworksin thischapter.However,you should know that
the classes containedinthispackagecanbewrappedaroundanyJComponent inaBorderLayout tomake
thatcomponentresizable.The thickness and mininum dimension properties associated with each class have
beenhard-codedasconstants.Ifyouplanto work with theseclasseswesuggestadding apairofset()/get()
accessors to modify and retrieve these values.

Themain purposeofpresenting thisexamplehereisto show how DesktopManager can be customized to
our needs.In the nextsection we willexpand on this example to build a networked,multi-userdesktop
environment.



12

Figure 16.5 JavaXW in w ith W indow W atcher

<<file figure16-5.gif>>

Figure 16.6 W indow W atcherw ith XXResizeEdges

<<file figure16-6.gif>>

The Code: JavaXW in.java
see\Chapter16\2

import java.beans.PropertyVetoException;
import javax.swing.*;
import java.awt.event.*;
import java.io.*;
import java.awt.*;

public class JavaXWin extends JFrame
{
  protected int m_count;
  protected int m_tencount;
  protected int m_wmX, m_wmY;
  protected JButton m_newFrame;
  protected JDesktopPane m_desktop;
  protected WindowManager m_wm;
  protected JViewport viewport;
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  public JavaXWin() {
    setTitle("JavaXWin");
    m_count = m_tencount = 0;
    m_desktop = new JDesktopPane();

    JScrollPane scroller = new JScrollPane();
 m_wm = new WindowManager(m_desktop);

    m_desktop.setDesktopManager(m_wm);
    m_desktop.add(m_wm.getWindowWatcher(),
      JLayeredPane.PALETTE_LAYER);
    m_wm.getWindowWatcher().setBounds(555,5,200,150);

    viewport = new JViewport() {
      public void setViewPosition(Point p) { 
        super.setViewPosition(p); 
        m_wm.getWindowWatcher().setLocation(
          m_wm.getWindowWatcher().getX() +
            (getViewPosition().x-m_wmX),
          m_wm.getWindowWatcher().getY() +
            (getViewPosition().y-m_wmY));
        m_wmX = getViewPosition().x;
        m_wmY = getViewPosition().y;
      }
    };
    viewport.setView(m_desktop);
    scroller.setViewport(viewport);

    ComponentAdapter ca = new ComponentAdapter() {
      JViewport view = viewport;
      public void componentResized(ComponentEvent e) {
        m_wm.getWindowWatcher().setLocation(
          view.getViewPosition().x + view.getWidth()-
            m_wm.getWindowWatcher().getWidth()+5,
          view.getViewPosition().y + 5);
      }
    };
    viewport.addComponentListener(ca);

    m_newFrame = new JButton("New Frame");
    m_newFrame.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        newFrame();
      }
    });

    JPanel topPanel = new JPanel(true);
    topPanel.setLayout(new FlowLayout());

    getContentPane().setLayout(new BorderLayout());
    getContentPane().add("North", topPanel);
    getContentPane().add("Center", scroller);

    topPanel.add(m_newFrame);

Dimension dim = getToolkit().getScreenSize();
    setSize(800,600);
    setLocation(dim.width/2-getWidth()/2,
      dim.height/2-getHeight()/2);
    m_desktop.setPreferredSize(new Dimension(1600,1200));
    setVisible(true);
    WindowListener l = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
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        System.exit(0);
      }
    };
    addWindowListener(l);
  }

  public void newFrame() {
    JInternalFrame jif = new JInternalFrame("Frame " + m_count, 
      true, true, true, true);
    jif.setBounds(20*(m_count%10) + m_tencount*80, 
      20*(m_count%10), 200, 200);

    JTextArea text = new JTextArea();
    JScrollPane scroller = new JScrollPane();
    scroller.getViewport().add(text);
    try {
      FileReader fileStream = new FileReader("JavaLinux.txt");
      text.read(fileStream, "JavaLinux.txt");
    }
    catch (Exception e) {
      text.setText("* Could not read JavaLinux.txt *");
    }
    jif.getContentPane().add(scroller);

    m_desktop.add(jif);
    try {
      jif.setSelected(true);
    }
    catch (PropertyVetoException pve) {
      System.out.println("Could not select " + jif.getTitle());
    }

    m_count++;
    if (m_count%10 == 0) {
      if (m_tencount < 3)
        m_tencount++;
      else
        m_tencount = 0;
    }
  }

  public static void main(String[] args) {
    new JavaXWin();
  }
}

class WindowManager extends DefaultDesktopManager
{
  protected WindowWatcher ww;

  public WindowManager(JDesktopPane desktop) {
    ww = new WindowWatcher(desktop);
  }

  public WindowWatcher getWindowWatcher() { return ww; }

  public void activateFrame(JInternalFrame f) {
    super.activateFrame(f);
    ww.repaint();
  }
  public void beginDraggingFrame(JComponent f) { 
    super.beginDraggingFrame(f);
    ww.repaint();
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  }
  public void beginResizingFrame(JComponent f, int direction) {
    super.beginResizingFrame(f,direction);
    ww.repaint();
  }
  public void closeFrame(JInternalFrame f) {
    super.closeFrame(f);
    ww.repaint();
  }
 public void deactivateFrame(JInternalFrame f) {

    super.deactivateFrame(f);
    ww.repaint();
  }
  public void deiconifyFrame(JInternalFrame f) {
    super.deiconifyFrame(f);
    ww.repaint();
  }
  public void dragFrame(JComponent f, int newX, int newY) {
    f.setLocation(newX, newY);
    ww.repaint();
  }
  public void endDraggingFrame(JComponent f) {
    super.endDraggingFrame(f);
    ww.repaint();
  }
  public void endResizingFrame(JComponent f) {
    super.endResizingFrame(f);
    ww.repaint();

}
  public void iconifyFrame(JInternalFrame f) {
    super.iconifyFrame(f);
    ww.repaint();
  }
  public void maximizeFrame(JInternalFrame f) {
    super.maximizeFrame(f);
    ww.repaint();
  }
  public void minimizeFrame(JInternalFrame f) {
    super.minimizeFrame(f);
    ww.repaint();
  }
  public void openFrame(JInternalFrame f) {
    super.openFrame(f);
    ww.repaint();
  }
  public void resizeFrame(JComponent f,
   int newX, int newY, int newWidth, int newHeight) {
    f.setBounds(newX, newY, newWidth, newHeight);
    ww.repaint();
  }
  public void setBoundsForFrame(JComponent f,
   int newX, int newY, int newWidth, int newHeight) {
    f.setBounds(newX, newY, newWidth, newHeight);
    ww.repaint();
  }
}

The Code: W indowW atcher.java
see\Chapter16\2

import java.awt.*;
import java.awt.event.*;
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import javax.swing.*;
import javax.swing.event.*;

import resize.*;

public class WindowWatcher extends JPanel
{
  protected static final Color C_UNSELECTED =
    new Color(123, 123, 123);
  protected static final Color C_SELECTED =
    new Color(243, 232, 165);
  protected static final Color C_BACKGROUND =
    new Color(5,165,165);
  protected static final Color C_WWATCHER =
    new Color(203,226,0);
  protected float m_widthratio, m_heightratio;
  protected int m_width, m_height, m_XDifference, m_YDifference;
  protected JDesktopPane m_desktop;
  protected NorthResizeEdge m_northResizer;
  protected SouthResizeEdge m_southResizer;
  protected EastResizeEdge m_eastResizer;
  protected WestResizeEdge m_westResizer;

  public WindowWatcher(JDesktopPane desktop) {
    m_desktop = desktop;
    setOpaque(true);

    m_northResizer = new NorthResizeEdge(this);
    m_southResizer = new SouthResizeEdge(this);
    m_eastResizer = new EastResizeEdge(this);
    m_westResizer = new WestResizeEdge(this);

    setLayout(new BorderLayout());
    add(m_northResizer, BorderLayout.NORTH);
    add(m_southResizer, BorderLayout.SOUTH);
    add(m_eastResizer, BorderLayout.EAST);
    add(m_westResizer, BorderLayout.WEST);

    MouseInputAdapter ma = new MouseInputAdapter() {
      public void mousePressed(MouseEvent e) {
        m_XDifference = e.getX();
        m_YDifference = e.getY();
      }
      public void mouseDragged(MouseEvent e) {
        int vx = 0;
        int vy = 0;

      if (m_desktop.getParent() instanceof JViewport) {
          vx = ((JViewport) 
            m_desktop.getParent()).getViewPosition().x;
          vy = ((JViewport) 
            m_desktop.getParent()).getViewPosition().y;
        }
        int w = m_desktop.getParent().getWidth();
        int h = m_desktop.getParent().getHeight();
        int x = getX();
        int y = getY();
        int ex = e.getX();
        int ey = e.getY(); 
        if ((ey + y > vy && ey + y < h+vy) && 
            (ex + x > vx && ex + x < w+vx)) 
        {
          setLocation(ex-m_XDifference + x, ey-m_YDifference + y);
        }



17

        else if (!(ey + y > vy && ey + y < h+vy) && 
                  (ex + x > vx && ex + x < w+vx)) 
        {
          if (!(ey + y > vy) && ey + y < h+vy)
            setLocation(ex-m_XDifference + x, vy-m_YDifference);
          else if (ey + y > vy && !(ey + y < h+vy))
            setLocation(ex-m_XDifference + x, (h+vy)-m_YDifference);
        }
        else if ((ey + y >vy && ey + y < h+vy) &&
                !(ex + x > vx && ex + x < w+vx)) 
        {
          if (!(ex + x > vx) && ex + x < w+vx)
            setLocation(vx-m_XDifference, ey-m_YDifference + y);
          else if (ex + x > vx && !(ex + x < w))
            setLocation((w+vx)-m_XDifference, ey-m_YDifference + y);
        }
        else if (!(ey + y > vy) && ey + y < h+vy && 
                 !(ex + x > vx) && ex + x < w+vx)
          setLocation(vx-m_XDifference, vy-m_YDifference);
        else if (!(ey + y > vy) && ey + y < h+vy && 
                 ex + x > vx && !(ex + x < w+vx)) 
          setLocation((w+vx)-m_XDifference, vy-m_YDifference);
        else if (ey + y > vy && !(ey + y < h+vy) && 
                 !(ex + x > vx) && ex + x < w+vx) 
          setLocation(vx-m_XDifference, (h+vy)-m_YDifference);
        else if (ey + y > vy && !(ey + y < h+vy) && 
                 ex + x > vx && !(ex + x < w+vx)) 
          setLocation((w+vx)-m_XDifference, (h+vy)-m_YDifference);
      }
      public void mouseEntered(MouseEvent e) {
        setCursor(Cursor.getPredefinedCursor(
          Cursor.MOVE_CURSOR));
      }
      public void mouseExited(MouseEvent e) {
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
      }
    };
    addMouseListener(ma);
   addMouseMotionListener(ma);

  } 

  public void paintComponent(Graphics g) {
    super.paintComponent(g);
    m_height = getHeight();
    m_width = getWidth(); 
    g.setColor(C_BACKGROUND);
    g.fillRect(0,0,m_width,m_height);
    Component[] components = m_desktop.getComponents();
    m_widthratio = ((float) 
      m_desktop.getWidth())/((float) m_width);
    m_heightratio = ((float) 
      m_desktop.getHeight())/((float) m_height);
    for (int i=components.length-1; i>-1; i--) {
      if (components[i].isVisible()) {
        g.setColor(C_UNSELECTED);
        if (components[i] instanceof JInternalFrame) {
          if (((JInternalFrame) components[i]).isSelected())
            g.setColor(C_SELECTED);
        }
        else if(components[i] instanceof WindowWatcher)
          g.setColor(C_WWATCHER);
        g.fillRect(
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          (int)(((float)components[i].getX())/m_widthratio),
          (int)(((float)components[i].getY())/m_heightratio),
          (int)(((float)components[i].getWidth())/m_widthratio),
          (int)(((float)components[i].getHeight())/m_heightratio));
        g.setColor(Color.black);
        g.drawRect(
          (int)(((float)components[i].getX())/m_widthratio), 
          (int)(((float)components[i].getY())/m_heightratio),

 (int)(((float)components[i].getWidth())/m_widthratio), 
          (int)(((float)components[i].getHeight())/m_heightratio));
      }
    }
    g.drawLine(m_width/2,0,m_width/2,m_height);
    g.drawLine(0,m_height/2,m_width,m_height/2);
  }
}

Understanding the Code

Class JavaXW in

JavaXWin extendsJFrame and providesthemain containerforthisexample.Severalinstancevariablesare
needed:

int m_count,int m_tencount: used for cascading

JButton m_newFrame: used to create new frames.

JDesktopPane m_desktop: our desktop pane.

int m_wmX: keeps track of the most recent x coordinate of the desktop scrollpane’sview position.

int m_wmY: keeps track of the most recent y coordinate of the desktop scrollpane’sview position.

WindowManager m_wm:ourcustom DesktopManager implementation thatupdatesWindowWatcher
whenever any of its methods are called.

JViewport viewport:  The viewport of the scrollpane that will contain our desktop.

IntheJavaXWin constructorwecreateanew JDesktopPane andplaceitinsideaJScrollPane.Thenwe
createanew WindowManager (seebelow)and passitareferenceto ourdesktop.W e then tellourdesktop
thatthis WindowManager is a DesktopManager implementation and itshould be used to manage our
internalframes.Thisisdone with JDesktopPane’ssetDesktopManager() method.W e then place our
WindowManager’s WindowWatcher in our desktop’s PALETTE_LAYER.This willguarantee thatitis
always displayed over all internal frames:

    m_wm = new WindowManager(m_desktop);
    m_desktop.setDesktopManager(m_wm);
    m_desktop.add(m_wm.getWindowWatcher(),
      JLayeredPane.PALETTE_LAYER);

A custom JViewport is constructed with an overriden setViewPosition() method.This method is
responsibleforkeeping ourWindowWatcher in thesameplace aswescrollthedesktop.Each timetheview
is changed we reposition the WindowWatcher to give the impression thatitlies completely above our
desktop and isunaffected by scrolling.Basically,thiscode justcomputesthe difference between the current
and mostrecentviewportposition,and addsthisdifference to the coordinatesoftheWindowWatcher.W e
then use this JViewport as the viewport for the JScrollPane our desktop is contained in using
JScrollPane’ssetView() method.

Next we construct a ComponentAdapter and attach it to our viewport. W e override its
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componentResized() method to move WindowWatcher to the topwheneverthe viewport isresized.
This is done so that WindowWatcher will never disappear from our view when the application is resized.

ThenewFrame() methodisalmostidenticaltothatofCascadeDemo.Theonlydifferenceisthatweplacea
JTextArea in each internalframeand load atextfileinto it(theoriginalpressreleasefrom Sun announcing
aLinux port of JDK1.2!)

ClassW indowM anager

The WindowManager class is a simple extension of DefaultDesktopManager which overrides all
JInternalFrame related methods. Only one instance variable is necessary:

WindowWatcher ww: our custom pager component.

Each ofthemethodsoverriden from DefaultDesktopManager calltheirsuperclasscounterpartsby using
super, and then call repaint on ww. So each time the user performs an action on an internal frame,
WindowManager basically just tells our WidowWatcher to repaint itself.

The WindowManager constructor takes a reference to the desktop itmanages,and in turn passes this
reference to the WindowWatcher constructor.WindowWatcher uses this reference to find outallthe
information it needs to know about our desktop’s contents to paint itself correctly (see below).

ThegetWindowWatcher() method just returns a reference to the WindowWatcher object,ww,andisused
when the desktop is scrolled as discussed above.

ClassW indowW atcher

This class is ourversion ofan X windows pager.Ituses theXXResizeEdge components in ourcustom
resize package to allow full resizability.Four class variables are necessary:

Color C_UNSELECTED: used to represent all components but selected JInternalFrames and
WindowWatcher itself.

Color C_SELECTED: used to represent selected JInternalFrames.

Color C_BACKGROUND: used for the WindowWatcher background.

Color C_WWATCHER: used to represent the WindowWatcher itself.

Instancevariables:

float m_widthratio:Keeps the ratio of desktop width to WindowWatcher width.

float m_heightratio:Keeps the ratio of desktop height to WindowWatcher height.

int m_width: The current WindowWatcher width.

int m_height: The current WindowWatcher height.

int m_XDifference: Used for dragging the WindowWatcher horizontally.

int m_YDifference: Used for dragging the WindowWatcher vertically.

NorthResizeEdge m_northResizer: north resize component

SouthResizeEdge m_southResizer: south resize component

EastResizeEdge m_eastResizer: east resize component

WestResizeEdge m_westResizer: west resize component

JDesktopPane m_desktop: Reference to the desktop the WindowWatcher is watching over.
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The constructor is passed a JDesktopPane reference which is assigned to m_desktop. W e use a
BorderLayout forthiscomponentand add instances ofourresize package’s XXResizeEdge classes to
each outer region, allowing WindowWatcher to be fully resizable. 

Note: See the resize package source code for details about these components.They were introduced and
discussed in chapter15.W e encourage you to add more accessors to these classes to allow such things as
setting thickness and color.

W e then construct custom MouseInputAdapter. This adapter overrides the mousePressed(),
mouseDragged(), mouseEntered(), and mouseExited() events. The mousePressed() method
storesthelocation ofthemousepressin ourm_XDifference and m_YDifference classvariables.These
areused in themouseDragged() method to allow WindowWatcher to becontinuously dragged from any
point within its bounds.

ThemouseDragged() methodallowstheuserto dragWindowManager anywherewithin thevisibleregion
ofthedesktop.In orderto enforcethisand stillallow smooth movementweneed handlemanydifferentcases
depending on mouse position and,possibly,the currentJViewport position thatthe desktop is contained
within.Notethatwedo notassumethatWindowWatcher and itsassociated desktop arecontained within a
JViewport. However, in such a case we have to handle WindowWatcher‘smovement differently.

Reference:ThemouseDragged codeisastraight-forward adaptation ofthecodeweused to controldragging our
InnerFrames in chapter 15. See section 15.5.

The mouseEntered() method justchangesthe cursorto MOVE_CURSOR and mouseExited changesthe
cursor back to DEFAULT_CURSOR.

Finally weadd thisadapterwith both addMouseListener() and addMouseMotionListener().(Note
that MouseInputAdapter implements both of the MouseListener and MouseMotionListener
interfaces.)

The paintComponent() method starts by filling the background,getting the currentdimensions,and
retrieving an array ofcomponentscontained in the desktop.The ratiosofdesktop size toWindowWatcher
size are computed and then weenteraloopwhichisexecutedforeachcomponentinthearray.Thisloopstarts
by setting the color to C_UNSELECTED. W e then check if the component under consideration is a
JInternalFrame.Ifitiswecheckifitisselected.IfitisselectedwesetthecurrentcolortoC_SELECTED.
IfitthecomponentisnotaJInternalFrame wecheck ifitistheWindowWatcher itself.Ifso wesetthe
current color to C_WWATCHER.

    for (int i=components.length-1; i>-1; i--) {
      if (components[i].isVisible()) {
        g.setColor(C_UNSELECTED);
        if (components[i] instanceof JInternalFrame) {
          if (((JInternalFrame) components[i]).isSelected())
            g.setColor(C_SELECTED);
        }
        else if(components[i] instanceof WindowWatcher)
          g.setColor(C_WWATCHER);
        g.fillRect((int) (((float)
        .
        .
        .
      }
    }
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Once the color is selected we painta filled,scaled rectangle representing thatcomponent.W e scale this
rectangle based on the ratios we computed earlier,making sure to use floats to avoid otherwise large
roundingerrors.W ethenpaintablackoutlinearoundthisrectangleandmoveontothenextcomponentinour
array untilithasbeen exhausted.Notethatwecyclethrough thisarray from thehighestindex down to 0 so
thatthe rectangles are painted in the same orderthatthe components appearin theJDesktopPane (the
appearance of layering is consistent).

Running the code:

Figure 16.5 shows JavaXWin in action and figure 16.6 is a snapshotofthe WindowWatcher itself.Try
moving framesaround and resizing them.Note thatWindowWatcher smoothly capturesand displayseach
componentasitchangesposition and size.Try moving WindowWatcher and note thatyou cannotmove it
outsidethevisibleregion ofthedesktop.Now tryscrolling to adifferentposition within thedesktop and note
that WindowWatcher follows us and remains in the same position within our view. Also note that
WindowWatcher can be resized because we’ve taken advantage of the classes in our custom resize
package.In thenextexamplewewillbuild on top ofJavaXWin and WindowManager to constructamulti-
user, networked desktop environment.

WindowWatcher doesnotfully implementthe functionality ofmostpagers.Usually clicking on an area of
thepagerrepositionstheview ofourdesktop.Thismay bean interesting and usefulfeatureto implementin
WindowWatcher.

16.5 A basic multi-user desktop environment using sockets
Collaborative environmentsare becoming more commonplace asthe internetflourishes.They willno doubt
continueto grow in popularity.Imagineaclasstaughtusing an interactivewhiteboard orasetofwhiteboards
each contained in an internal frame.

In thissection weshow how to constructabasicmulti-userJDesktopPane using sockets.W esupporta
serverand onlyoneclient.Both theserverand client-sideuserscan move,resize,and closeframes,aswellas
chatinaconsolewindow.(W eonlyallow theclienttocreateframes.)AllJInternalFrame actionsinvoked
byoneuseraresentto theotheruser’sdesktop using alightweightmessage-passing scheme.W hatweend up
with is the beginnings of a true multi-user desktop environment.

Note:W e’vetested thisenvironmentbetween South Carolinaand New York with satisfatory responsetimes(using
28.8modems dialed in to typical ISPs).

Before we presentthe code,itis helpfulhere to briefly summarize the network-centric classes thatthis
example takes advantage of (see the API docs or the Java tutorial for more thorough coverage).

16.5.1 Socket

class java.net.Socket

A Socket is a connection to a single remote machine.Each Socket has an InputStream and an
OutputStream associatedwithit.DatacanbesenttotheremotemachinebywritingtotheOutputStream
and data is retrieved from the remote machine via the InputStream. Each Socket also has an
InetAdress instance associated with it which encapsulates the IP address that it is connected to.
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16.5.2 SocketServer

class java.net.SocketServer

A SocketServer isused to establishSocket-to-Socket connections.Usually aSocketServer callsits
accept() method to waitfora clientto connect.Oncea clientconnects a ServerSocket can return a
Socket that the host machine uses for communication with that client. 

16.5.3 InetAddress

class java.net.InetAddress

Encapsulates information about an IP address, such as the host name and the address.

This example works by sending messages back and forth between the clientand server.Each message is
received and processed identically on each end. Two types of messages can be sent:

Chat messages:messages of this type can be of any length and always begin with “cc”.

Internalframe messages:messages of this type are always 29 characters long,are represeted only by
numeric characters, and have a distinct six field structure. 

Figure 16.7 illustrates our internal framemessage structure.

Figure 16.7 Internal fram e m essage structure

<<file figure16-7.gif>>

ID represents the WindowManager method to invoke.

TAG  is a unique identifier returned by each internal frame’s overriddentoString() method.

new X is the new x coordinate of the internal frame (if applicable).

new X is the new y coordinate of the internal frame (if applicable).

new width is the new width of the internal frame (if applicable).

new height is the new height of the internal frame (if applicable).

W e willdiscusshow and when both typesofmessagesare constructed and interpreted afterwe presentthe
code.The serverisimplemented asclassJavaXServer,the clientasJavaXClient.JavaXClient was
largely builtfrom JavaXServer.W ehavehighlighted thechangesbelow,and inserted commentsto denote
where code has been modifed or unchanged. 

TheWindowManager classfrom thelastsection hasbeen completely rebuiltand defined in aseparateclass
file.TheWindowWatcher classremainsunchanged,usingtheXXResizeEdge classesinourresizepackage
to allow fullresizability.BothJavaXServer andJavaXClient useinstancesofthenew WindowManager
to manage theirdesktop,send messages,and interpretcallsinvoked by theirmessage receiving mechanism
(theprocessMessage() method).
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Figure 16.8 JavaXClientw ith established connection

<<file figure16-8.gif>>

Figure 16.9 JavaXServer w ith established connection

<<file figure16-9.gif>>

The Code: JavaXServer.java
see\Chapter16\3

import java.beans.PropertyVetoException;
import javax.swing.*;
import java.awt.event.*;
import java.io.*;
import java.awt.*;
import java.net.*;

public class JavaXServer extends JFrame implements Runnable
{
  protected int m_count;
  protected int m_tencount;
  protected int m_wmX, m_wmY;
  protected JDesktopPane m_desktop;

protected WindowManager m_wm;
  protected JViewport viewport;

  protected JTextArea m_consoletext, m_consolechat;
  protected JTextField m_chatText;
  protected boolean m_connected;
  protected JLabel m_status;
  protected DataInputStream m_input;
  protected DataOutputStream m_output;
  protected Socket m_client;
  protected ServerSocket m_server;
  protected Thread m_listenThread;
  protected ConThread m_conthread;
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  public JavaXServer() {
    setTitle("JavaX Server");
    m_count = m_tencount = 0;

  m_desktop = new JDesktopPane();

    m_status = new JLabel("No Client");

    JScrollPane scroller = new JScrollPane();
    m_wm = new WindowManager(m_desktop);
    m_desktop.setDesktopManager(m_wm);
    m_desktop.add(m_wm.getWindowWatcher(),
      JLayeredPane.PALETTE_LAYER);
    m_wm.getWindowWatcher().setBounds(555,5,100,100);

    viewport = new JViewport() {
      public void setViewPosition(Point p) { 
        super.setViewPosition(p); 
        m_wm.getWindowWatcher().setLocation(
          m_wm.getWindowWatcher().getX() +
            (getViewPosition().x-m_wmX),
          m_wm.getWindowWatcher().getY() +
            (getViewPosition().y-m_wmY));
        m_wmX = getViewPosition().x;
        m_wmY = getViewPosition().y;
      }
    };
    viewport.setView(m_desktop);
    scroller.setViewport(viewport);

    ComponentAdapter ca = new ComponentAdapter() {
      JViewport view = viewport;
      public void componentResized(ComponentEvent e) {
        m_wm.getWindowWatcher().setLocation(
          view.getViewPosition().x + view.getWidth()-
            m_wm.getWindowWatcher().getWidth()-15,
          view.getViewPosition().y + 5);
      }
    };
    viewport.addComponentListener(ca);

    getContentPane().setLayout(new BorderLayout());
    getContentPane().add("Center", scroller);
    getContentPane().add("South", m_status);

    setupConsole();

    Dimension dim = getToolkit().getScreenSize();
    setSize(800,600);
    setLocation(dim.width/2-getWidth()/2,
      dim.height/2-getHeight()/2);
    m_desktop.setPreferredSize(new Dimension(1600,1200));
    WindowListener l = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(l);

    setVisible(true);
  }

  public void setupConsole() {
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    JInternalFrame console = new JInternalFrame(
     "JavaX Server Console", 
     false, false, false, false) {
      int TAG = m_count;
      public String toString() {
        return "" + TAG;
      }
    }; 
    m_count++;
    console.setBounds(20, 20, 500, 300);

    JPanel chatPanel = new JPanel();
    JLabel chatLabel = new JLabel(" Chat");
    chatPanel.setLayout(new BorderLayout());

    m_consoletext = new JTextArea();
    m_consoletext.setPreferredSize(new Dimension(500,50));
    m_consoletext.setLineWrap(true);
    m_consoletext.setText("Server Started." + 
      "\nWaiting for client...");
    m_consoletext.setEditable(false);

    m_consolechat = new JTextArea();
    m_consolechat.setLineWrap(true);
    m_consolechat.setEditable(false);

    m_chatText = new JTextField();
    m_chatText.addActionListener(new ChatAdapter());

    JButton chatSend = new JButton("Send");
    chatSend.addActionListener(new ChatAdapter());

    JPanel sendPanel = new JPanel();

    sendPanel.setLayout(new BorderLayout());
    sendPanel.add("Center", m_chatText);
    sendPanel.add("West", chatSend);

    JScrollPane cscroller1 = new JScrollPane(m_consoletext);
    JScrollPane cscroller2 = new JScrollPane(m_consolechat);

    chatPanel.add("North", chatLabel);
    chatPanel.add("Center", cscroller2);
    chatPanel.add("South", sendPanel);

    JSplitPane splitter = new JSplitPane(
      JSplitPane.VERTICAL_SPLIT, true, cscroller1, chatPanel);

    console.getContentPane().add(splitter);
    m_desktop.add(console);

    m_wm.getWindowWatcher().repaint();

    try {
      m_server = new ServerSocket(5000,500);
    }
    catch (IOException e) {
      m_consoletext.append("\n" + e);
    }
    m_conthread = new ConThread();
  }

  public void run() {
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    while (m_connected) {
      try {
        processMessage(m_input.readUTF());
      }
      catch (IOException e) {
        m_consoletext.append("\n" + e);
        m_connected = false;
      }
    }
  }

  public void newFrame() {
    JInternalFrame jif = new JInternalFrame("Frame " + m_count, 
     true, true, false, false) {
      int TAG = m_count;
      public String toString() {
        return "" + TAG;
      }
    }; 
    jif.setBounds(20*(m_count%10) + m_tencount*80, 
      20*(m_count%10), 200, 200);

    m_desktop.add(jif);
    try {
      jif.setSelected(true);
    }
    catch (PropertyVetoException pve) {
      System.out.println("Could not select " + jif.getTitle());
    }

    m_count++;
    if (m_count%10 == 0) {
      if (m_tencount < 3)
        m_tencount++;
      else 
        m_tencount = 0;
    }
  }

  public void processMessage(String s) {
    if (s.startsWith("cc")) {
      m_consolechat.append("CLIENT: " + s.substring(2) + "\n");
      m_consolechat.setCaretPosition(
        m_consolechat.getText().length());
    }
    else {
      int id = (Integer.valueOf(s.substring(0,2))).intValue();
      m_wm.setPropagate(false);
      if (id == 16) {
        newFrame();
      }
      else {
        Component[] components = m_desktop.getComponentsInLayer(0);
        int index = 0;
        int tag = (Integer.valueOf(s.substring(2,5))).intValue();
        int param1 = 
          (Integer.valueOf(s.substring(5,11))).intValue();
        int param2 = 
          (Integer.valueOf(s.substring(11,17))).intValue();
        int param3 = 
          (Integer.valueOf(s.substring(17,23))).intValue();
        int param4 = 
          (Integer.valueOf(s.substring(23))).intValue();
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        boolean found = false;
        for (int i=components.length-1; i>-1;i--) {
          if (components[i] instanceof JInternalFrame) {
            if (Integer.valueOf(
             components[i].toString()).intValue() == tag) {
              try {
                ((JInternalFrame) components[i]).setSelected(true);
                ((JInternalFrame) components[i]).toFront();
                index = i;
                found = true;
                break;
              }
              catch (PropertyVetoException pve) {
                System.out.println(

          "Could not select JInternalFrame with tag " + tag);
              }
            }
          }
        }
        if (found == false) return;
        switch (id)
        {
          case 1:
            m_wm.activateFrame((JInternalFrame) components[index]);
            break;
          case 2:
            m_wm.beginDraggingFrame((JComponent) components[index]);
            break;
          case 3:
            m_wm.beginResizingFrame(
             (JComponent) components[index], param1);

break;
          case 4:
            m_wm.closeFrame((JInternalFrame) components[index]);
            break;
          // case 5: not implemented
          // case 6: not implemented
          case 7:
            m_wm.dragFrame(
              (JComponent)components[index], param1, param2);
            break;
          case 8:
            m_wm.endDraggingFrame((JComponent) components[index]);
            break;
          case 9:
            m_wm.endResizingFrame((JComponent) components[index]);

 break;
          // case 10: not implemented
          // case 11: not implemented
          // case 12: not implemented
          case 13:
            m_wm.openFrame((JInternalFrame) components[index]);
            break;
          case 14:
            m_wm.resizeFrame(
              (JComponent) components[index], param1, 
                param2, param3, param4);
            break;
          case 15:
            m_wm.setBoundsForFrame(
              (JComponent) components[index], param1, 

  param2, param3, param4);
            break;
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        }
      }
      m_wm.setPropagate(true);
    }
    m_desktop.repaint();
  }

  public static void main(String[] args) {
    new JavaXServer();
  }

  class ChatAdapter implements ActionListener {
    public void actionPerformed(ActionEvent e) {
      m_wm.sendMessage("cc" + m_chatText.getText());
      m_consolechat.append("SERVER: " + 
        m_chatText.getText() + "\n");
      m_chatText.setText("");
    }
  }

  class ConThread extends Thread 
  {

  ConThread() { start(); }
    public void run() {
      while(true) {
        try {
          m_client = m_server.accept();
          m_connected = true;
          m_input = new DataInputStream(m_client.getInputStream());
          m_output = new DataOutputStream(
            m_client.getOutputStream());
          m_wm.setOutputStream(m_output); 
          m_consoletext.append("\nStreams established...");
          m_listenThread = new Thread(JavaXServer.this);
          m_listenThread.start();
          m_status.setText("Client Connected from: " 
            + m_client.getInetAddress());
          m_consoletext.append("\nClient Connected from: " 
            + m_client.getInetAddress());
        }
        catch (Exception ex) {
          m_consoletext.append("\n" + ex);
        }
      }
    }
  }
}

The Code: W indowM anager.java
see\Chapter16\3

import javax.swing.*;
import java.io.*;
import java.awt.*;

public class WindowManager extends DefaultDesktopManager
{
  //ID 16 means new Frame
  protected static final int ACIVATE_ID = 1;
  protected static final int BEGINDRAG_ID = 2;
  protected static final int BEGINRESIZE_ID = 3;
  protected static final int CLOSE_ID = 4;
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  protected static final int DEACTIVATE_ID = 5;
  protected static final int DEICONIFY_ID = 6;
  protected static final int DRAG_ID = 7;
  protected static final int ENDDRAG_ID = 8;
  protected static final int ENDRESIZE_ID = 9;
  protected static final int ICONIFY_ID = 10;
  protected static final int MAXIMIZE_ID = 11;
  protected static final int MINIMIZE_ID = 12;
  protected static final int OPEN_ID = 13;
  protected static final int RESIZE_ID = 14;
  protected static final int SETBOUNDS_ID = 15;
  protected WindowWatcher ww;
  protected DataOutputStream m_output;
  protected JDesktopPane m_desktop;
  protected boolean m_prop;

  public WindowManager(JDesktopPane desktop) {
    m_desktop = desktop;
    m_prop = true;
    ww = new WindowWatcher(desktop);
  } 

  public WindowWatcher getWindowWatcher() { return ww; }

  public void setOutputStream(DataOutputStream output) {
    m_output = output;
  }

  public void sendMessage(String s) {
    try {
      if (m_output != null)
        m_output.writeUTF(s);
    }
    catch (IOException e) {}
  }

  public void setPropagate(boolean b) {
    m_prop = b;
  }

  public String getStringIndex(Component f) {
    String s = f.toString();
    while (s.length() < 3)
      s = ("0").concat(s);
    return s;
  }

  public String getString(int number) {
    String s;
    if(number < 0) 
      s = "" + (-number);
    else
      s = "" + number;
    while (s.length() < 6)
      s = ("0").concat(s);
    if (number < 0)
      s = "-" + s.substring(1,6);
    return s;
  }

  public void activateFrame(JInternalFrame f) {
    String index = getStringIndex(f);

  super.activateFrame(f);
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    ww.repaint();
    if (m_prop)
      sendMessage("01" + index + "000000000000000000000000");
  }
  public void beginDraggingFrame(JComponent f) {
    String index = getStringIndex(f);
    super.beginDraggingFrame(f);
    ww.repaint();
    if (m_prop)
      sendMessage("02" + index + "000000000000000000000000");
  }
  public void beginResizingFrame(JComponent f, int direction) {
    String index = getStringIndex(f);
    String dir = getString(direction);
    super.beginResizingFrame(f,direction);
    ww.repaint();
    if (m_prop)
      sendMessage("03" + index + dir + "000000000000000000");
  }
  public void closeFrame(JInternalFrame f) {
    String index = getStringIndex(f);
    super.closeFrame(f);
    ww.repaint();
    if (m_prop)
      sendMessage("04" + index + "000000000000000000000000");
  }
  public void deactivateFrame(JInternalFrame f) {
    super.deactivateFrame(f);
    ww.repaint();
    // ID 05 - not implemented
  }
  public void deiconifyFrame(JInternalFrame f) {

super.deiconifyFrame(f);
    ww.repaint();
    // ID 06 - not implemented
  }
  public void dragFrame(JComponent f, int newX, int newY) {
    String index = getStringIndex(f);
    String x = getString(newX);
    String y = getString(newY);
    f.setLocation(newX, newY);
    ww.repaint();
    if (m_prop)
      sendMessage("07" + index + x + y +"000000000000");
  }
  public void endDraggingFrame(JComponent f) {
    String index = getStringIndex(f);
    super.endDraggingFrame(f);
    ww.repaint();
    if (m_prop)
      sendMessage("08" + index + "000000000000000000000000");
  }
  public void endResizingFrame(JComponent f) {
    String index = getStringIndex(f);
    super.endResizingFrame(f);
    ww.repaint();
    if (m_prop)
      sendMessage("09" + index + "000000000000000000000000");
  }
  public void iconifyFrame(JInternalFrame f) {
    super.iconifyFrame(f);
    ww.repaint();
    // ID 10 - not implemented



31

  }
  public void maximizeFrame(JInternalFrame f) {
    String index = getStringIndex(f);
    super.maximizeFrame(f);
    ww.repaint();
    // ID 11 - not implemented
  }
  public void minimizeFrame(JInternalFrame f) {
    super.minimizeFrame(f);
    ww.repaint();
    // ID 12 - not implemented
  }
  public void openFrame(JInternalFrame f) {
    String index = getStringIndex(f);
    super.openFrame(f);
    ww.repaint();
    if (m_prop)
      sendMessage("13" + index + "000000000000000000000000");
  }
  public void resizeFrame(JComponent f,
   int newX, int newY, int newWidth, int newHeight) {
    String index = getStringIndex(f);
    String x = getString(newX);
    String y = getString(newY);
    String w = getString(newWidth);
    String h = getString(newHeight);
    f.setBounds(newX, newY, newWidth, newHeight);
    ww.repaint();
    if (m_prop)
      sendMessage("14" + index + x + y + w + h);
  }
  public void setBoundsForFrame(JComponent f,
   int newX, int newY, int newWidth, int newHeight) {
    String index = getStringIndex(f);
    String x = getString(newX);
    String y = getString(newY);
    String w = getString(newWidth);
    String h = getString(newHeight);
    if (newWidth > m_desktop.getWidth())
      newWidth = m_desktop.getWidth();
    if (newHeight > m_desktop.getHeight())
      newHeight = m_desktop.getHeight();
    f.setBounds(newX, newY, newWidth, newHeight);
    ww.repaint();
    if (m_prop)
      sendMessage("15" + index + x + y + w + h);
  }
}

Code: JavaXClient.java
see\Chapter16\3

import java.beans.PropertyVetoException;
import javax.swing.*;
import java.awt.event.*;
import java.io.*;
import java.awt.*;
import java.net.*;

public class JavaXClient extends JFrame implements Runnable
{
  protected int m_count;
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  protected int m_tencount;
  protected int m_wmX, m_wmY;
  protected JButton m_newFrame;
  protected JDesktopPane m_desktop;
 protected WindowManager m_wm;

  protected JViewport viewport;

  protected JTextArea m_consoletext, m_consolechat;
  protected JTextField m_text, m_chatText;
  protected boolean m_connected;
  protected JLabel m_status;
  protected DataInputStream m_input;
  protected DataOutputStream m_output;
  protected Socket m_client;
  protected Thread m_listenThread;

  // ServerSocket and ConThread code removed.

  protected JButton m_connect;

  public JavaXClient() {
    setTitle("JavaX Client");
    m_count = m_tencount = 0;
    m_desktop = new JDesktopPane();

    m_status = new JLabel("Not Connected");

    JScrollPane scroller = new JScrollPane();
    m_wm = new WindowManager(m_desktop);
    m_desktop.setDesktopManager(m_wm);
    m_desktop.add(m_wm.getWindowWatcher(),
      JLayeredPane.PALETTE_LAYER);
    m_wm.getWindowWatcher().setBounds(555,5,100,100);

    viewport = new JViewport() {
      //...identical in JavaXServer
    };
    viewport.setView(m_desktop);
    scroller.setViewport(viewport);

    ComponentAdapter ca = new ComponentAdapter() {
      //...identical in JavaXServer
    };
    viewport.addComponentListener(ca);

    m_newFrame = new JButton("New Frame");
    m_newFrame.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        m_wm.setPropagate(false);
        newFrame();
        if (m_connected)
          m_wm.sendMessage("16000000000000000000000000000");
        m_wm.setPropagate(true);
      }
    });
    m_newFrame.setEnabled(false);

    JPanel topPanel = new JPanel(true);
    topPanel.add(m_newFrame);

    m_connect = new JButton("Connect");
    m_connect.addActionListener(new ActionListener() {



33

      public void actionPerformed(ActionEvent e) {
        if (m_listenThread == null) {

  Thread connector = new Thread() {
            public void run() {
              try 
              {
                m_consoletext.append(
                  "\nTrying " + m_text.getText() + " ...");
                m_client = new Socket(

  InetAddress.getByName(m_text.getText()),5000);
                m_input = new DataInputStream(
                  m_client.getInputStream());
                m_output = new DataOutputStream(
                  m_client.getOutputStream());
                m_connected = true;
                m_listenThread = new Thread(JavaXClient.this);
                m_listenThread.start();
                m_wm.setOutputStream(m_output);
                m_consoletext.append("\nStreams established...");
                m_status.setText("Connected to " + m_text.getText());
                m_connect.setEnabled(false);
                m_newFrame.setEnabled(true);
              }
              catch (Exception ex) {
                m_consoletext.append("\n" + ex);

 m_newFrame.setEnabled(false);
              }
            }
          };
          connector.start();
        }
      }
    });

    JPanel XPanel = new JPanel(); 
    XPanel.setLayout(new BorderLayout());
    JLabel hl = new JLabel("Connect to: ", SwingConstants.CENTER);
    m_text = new JTextField(15);
    XPanel.add("North", hl);
    XPanel.add("Center", m_text);
    XPanel.add("East", m_connect);

    JPanel upperPanel = new JPanel();
    upperPanel.setLayout(new BorderLayout());
    upperPanel.add("Center", XPanel);
    upperPanel.add("East",topPanel);

    getContentPane().setLayout(new BorderLayout());
    getContentPane().add("North", upperPanel);
    getContentPane().add("Center", scroller);

    // Unchanged code
  }

  public void setupConsole() {
    JInternalFrame console = new JInternalFrame(
     "JavaX Client Console", 
     false, false, false, false) {
      int TAG = m_count;
      public String toString() {
        return "" + TAG;
      }
    }; 
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    m_count++;
    console.setBounds(20, 20, 500, 300);

    JPanel chatPanel = new JPanel();
    JLabel chatLabel = new JLabel(" Chat");
    chatPanel.setLayout(new BorderLayout());

    m_consoletext = new JTextArea();
    m_consoletext.setPreferredSize(new Dimension(500,50));
    m_consoletext.setLineWrap(true);
    m_consoletext.setText("Client Started...");
    m_consoletext.setEditable(false);

    // The remainder of this method is identical 
    // to JavaXServer’s setupConsole() method.
    // However, we have removed the ServerSocket
    // code from the end.
  }

  public void run() {
    // ...identical to JavaXServer’s run() method.
  }

  public void newFrame() {
    // ...identical to JavaXServer’s newFrame() method.
  }

  public void processMessage(String s) {
    if (s.startsWith("cc")) {
      m_consolechat.append("SERVER: " + s.substring(2) + "\n");
      m_consolechat.setCaretPosition(
        m_consolechat.getText().length());
    }
    else {

    // With the exception of the highlighted code 
    // above, this method is identical to JavaXServer’s
    // processMessage() method.
  }

  public static void main(String[] args) {
    new JavaXClient();
  }

  class ChatAdapter implements ActionListener {
    public void actionPerformed(ActionEvent e) {
      m_wm.sendMessage("cc" + m_chatText.getText());
      m_consolechat.append("CLIENT: " + m_chatText.getText() + "\n");
      m_chatText.setText("");
    }
  }

  // ConThread inner class removed.
}

Understanding the Code

Class JavaXServer

JavaXServer implements the Runnable interface allowing us to define a separate thread ofexecution.
Several instance variables are necessary:
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int m_count,int m_tencount: used for cascading

int m_wmX: keeps track of the most recent x coordinate of the desktop scrollpane’sview position.

int m_wmY: keeps track of the most recent y coordinate of the desktop scrollpane’sview position.

JDesktopPane m_desktop: our desktop pane.

WindowManager m_wm: our custom DesktopManager implementation.

JViewport viewport:  The viewport of the scrollpane that will contain our desktop.

JTextArea m_consoletext: The console text area used to display server status information.

JTextArea m_consolechat: The console text area used for chatting between server and client.

boolean m_connected:Flag specifying whether a client is connected or not.

JLabel m_status: Status bar used to display the IP address of the connected client.

DataInputStream m_input: The DataInputStream of the client connection Socket.

DataOutputStream m_output: The DataOutputStream of the client connectionSocket.

Socket m_client: The Socket created when a client connects.

ServerSocket m_server: Used to wait for an incoming client and establish the client Socket.

Thread m_listenThread: A handle used for creating and starting the JavaXServer thread.

ConThread m_conthred:An instance ofourcustom Thread extended innerclass used to allow the
ServerSocket to wait for client connections without hogging our application’s thread.

The JavaXServer constructorperforms familiarGUIlayouttasks,and is very similarto the JavaXWin
constructor we studied in the last section. Before the frame is madevisibleoursetupConsole()methodiscalled.
Thismethodisresponsibleforcontructingourchatconsoleinternalframe(italsoactsasamessagelogforthe
server).W e override thisJInternalFrame’s toString() method to return a unique TAG which is the
value ofthem_count variable atthe time ofitscreation.Since the console isthe firstframe created itwill
have a TAG of0.W e then incrementm_count so thatthe nextframe,created in thenewFrame() method
(see below),willhave a differentTAG value.Thisis how we identify frames when sending internalframe
messages.

Theconsolecontainstwo textareas,a“Send” button and atextfield.Thesend button and textfield areused
forchatting,theuppertextareaisused to displayserverstatusinformation,and thelowertextfield isused to
display chattext.W e attach an instance ofourcustom ChatAdapater class(see below)to both the send
button,chatSend, and the text field, m_chatText.

ThesetupConsole() method ends by actually starting the server. W e create a new ServerSocket on port 
5000 with queuelength 500.A queuelength of500 representsthemaximum amountofmessagesthatcan be
buffered at any given time by the ServerSocket.

Note:Thisexampleusesafixed port.In professionalapplicationstheserverwould mostlikely providetheoperator
with a field to enterthe desired portnumber.Also,note thata maximum queue length of500 is notreally
necessaryhere,asweareonlyexpectingoneclienttoconnectthroughthisServerSocket.However,itdoes
notaddanyextraoverhead,andifforsomereasonthisportgetsbombardedwithextraneousmessagesthiswill
give our client a better chance of getting in.

The run()method definesthe separate thread ofexecution thatiscreated and called within theConThread
class(see below).W hen a clientisconnected thismethod continuously readsdata from the clientSocket,
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m_client, and sends it to our custom processMessage() method (see below).

OurnewFrame() method looksfamiliar,however,each JInternalFrame created getsassigned a unique
TAG,which isthevalueofthem_count variableatthetimeofitscreation,and itstoString() method is
overriden to return this tag. This is how we identify destinations of internal framemessages.

TheprocessMessage() method takes a String parameter representing a messagefrom theclient.Firstwe
checkifitisachatmessage(rememberthatallchatmessagesstartwith “cc”).Ifsowesimplyappend thethis
message (minus the “cc” header) to our chat text area and set the cursor position accordinlgy.

Ifitisnota chatmessage then we processitasan internalframe message.Firstwe getthe method ID and
checkifitis16.(SeediscussionoftheWindowManager classbelow foranexplanationofwhatmethodeach
ID corresponds to): 

1.Iftheid is16 allweneed to do iscreateanew frame,so thenewFrame() method isinvoked.(Note
that only the client can send ‘create new frame’ messages.)

2.Ifthe ID isnot16 we firstcallourWindowManager’scustom setPropagate() message to stop
processed messagessentto ourWindowManager from being sentback to the client(thisiseffectively
how weconsumeeach message). Then wegrab an array ofallthecomponentsin layer0 and check each
JInternalFrame’s TAG untilwe find a match.(Note thatallframesare contained atlayer0 in this
example.Inamorecompleteexamplewewould search through allcomponentsin thedesktop,regardless
oflayer.) W ethen extracttheinternalframemessageparametersand ifaTAG match isfound wesend a
message to our WindowManager,m_wm, based on the id and extracted parameters (if applicable).

Class JavaXServer.ChatAdapter

ChatAdapter isusedasanActionListener attachedtoourconsole’schattextfieldandsendbutton(see
the setupConsole() method).W heneverthe userpresses enterin the chatinputtextfield orclicks the
console’s“Send” button,thisadaptersendsthetextfield contentsasamessageto theclient,appendsitto the
console chat text area, m_consolechat, and clears this text field.

Class JavaXServer.ConThread

InnerclassConThread extendsThread.Itsconstructorcallsitsstart() method,and itsstart()method
calls its run() method.W e override the run() method to create an endless loop thatstarts by invoking
accept() on our m_server ServerSocket. This method blocks executionuntilaclientconnects.W hena
clientdoesconnectourServerSocket returnsfrom the accept() method with a Socket,m_client,
representingtheconnectionwiththeclient.W ethensetourm_connected flagtotruesothatwhenourmain
JavaXServer thread isstarted,itcan receiveand processmessagesfrom theclient,asdiscussed above.W e
assignm_client‘sDataInputStream tom_input anditsDataOutputStream to m_output.Then we
pass m_output to our WindowManager’s setOutputStream() method (see discussion of
WindowManager below).W eprintamessagein theconsoleto inform theserveroperatorthataconnection
hasbeenestablishedandthenstart() theJavaXServer thread(seetherun() method--discussedabove).
FinallywedisplaytheIP addresstheclientconnectedfrom inthestatusbarandappendthisinformationtoour
console.

ClassW indowM anager

TheWindowManager classstartsby defining 15 self-explanitory intid fields,each corresponding to oneof
the internal framemethods defined within this class. Four instance variables are used:

WindowWatcher ww: our custom pager component.

DataOutputStrean m_output: The client Socket’s output stream used to send messages.
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JDesktopPane m_desktop: The desktop we are managing.

boolean m_prop: Used to block messages from being sent back to the sender when being processed.

The setOutputStream() method is called when a client connects. This is used to provide
WindowManager with a reference to the client Socket‘sDataOutputStream for sending messages.

ThesendMessage() method takesaString parameterrepresenting amessageto besentto theclientand
attempts to write it to the cleint’sDataOutputStream:

  public void sendMessage(String s) {
    try {
      if (m_output != null) {
        m_output.writeUTF(s);
      }
    }
    catch (IOException e) {}
  }

ThesetPropagate() methodtakesaboolean parameterwhichisusedtoblockmessagesfrom beingsent
back to theclientwhen being processed.Thismethod iscalled from JavaXServer‘sprocessMessage()
method.

The getStringIndex() method takesan int parameter,representing theTAG ofan internalframe,and
convertsitto aString 3 characterslong by concatenating0sin frontifnecessary.Thisisused to build the
TAG field in an internalframe message (which,as we know from ourdiscussion in the beginning ofthis
section, is always 3 characters long) which is returned.

  public String getStringIndex(Component f) {
    String s = f.toString();
    while (s.length() < 3)
      s = ("0").concat(s);
    return s;
  }

In thegetString() method wetakeanint parameterwhich can representanyoffourpossibleparameters
passedtooneoftheinternalframemethodsdefinedwithinthisclass.W ethenconvertthisvaluetoaString.
Ifthisvalue wasnegative we remove the“-“ sign.Then we concatenate a numberof0sto the frontofthe
string forcing the length to be 6. W e then check ifthevaluepassedinwasnegativeonemoretime.Ifitwaswe
replace the first character with a “-“ sign:

  public String getString(int number) {
    String s;
    if (number < 0)
      s = "" + (-number);
    else
      s = "" + number;
    while (s.length() < 6)
      s = ("0").concat(s);
    if (number < 0)
      s = "-" + s.substring(1,6);
    return s;
  }

Note: Thisexampleassumesthatnoframecoordinateordimensionwilleverbelargerthan999999orsmallerthan -
99999. For all practical purposes, this is a completely safe assumption to make!
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W heneveranyoftheinternalframemethodsareinvoked wefirstgettheTAG oftheframeassociated with the
methodcall.Thenwecallthesuperclasscounterpartofthatmethod,repaintourWindowWatcher,and check
ourmessagepropagation flag,m_prop.Ifitissettotrue wego ahead and constructourmessage,using the
getString() method whereapplicable,and passitto oursendMessage method to send to theclient.Ifit
isfalse, no message is sent.

Class JavaXClient

JavaXClient functions very similar to JavaXServer. It sends, receives, and interprets messages
identically to JavaXServer.However,unlike JavaXServer,JavaXClient can create new framesand
send new framemessagestotheserver(new framemessageshaveID 16) Thesemessagesareconstructedand
sent within JavaXClient’s actionPerformed method:

    if (e.getSource() == m_newFrame) {
      m_wm.setPropagate(false);
      newFrame();
      if (m_connected)
        m_wm.sendMessage("16000000000000000000000000000");
      m_wm.setPropagate(true);
    }

JavaXClient also has some additionalGUIcomponents added to the top ofits frame.A textfield for
entering theserver’sIP address,a“New Frame” button,andaconnectbutton.TheActionListener forthis
buttoniswrappedin athread to allow connection attemptswhilenotblocking themain thread ofexecution.It
attempts to connect to the address specified in the text field by creating a new Socket:

                m_client = new Socket(
                  InetAddress.getByName(m_text.getText()),5000);

Ifthisworksitestablishesinputand outputdatastreamsand startstheJavaXClient thread (seeitsrun()
method--identicalto JavaXServer’s run() method)to listen formessages.W e then append textto the
console,updatethestatusbar,and enablethe“New Frame” button.(Notethattheclientcan only createnew
frames after a connection has been established.)

Running the Code:

Figure16.8and16.9show JavaXClient andJavaXServer duringacollaborativesession.Ideallyyoutest
this example out with a friend in a remote, far-away place. If this is not possible try using two machinesinyour
network.(Ifyou arenotnetworked you can run both clientand theserveronyourmachineby connecting to
127.0.0.1 which is always used as a pointer to your own machine.)

Trychattingandresizingeachother’sframes.Now isthetimetothinkofotherpossibleapplicationsofsucha
multi-user desktop environment. Clearly we will begin to see more and more remote interaction and
collaboration as the web and its surrounding technologies continue to grow.

Chapter 17. Trees
In this chapter:

• JTree
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• Basic JTree example

• Directories tree: part I- Dynamic node retrieval

• Directories tree: part II-Popupmenus and programmatic navigation

• Directories tree: part III- Tooltips

• JTree and XM L documents

• Custom editors and renderers

17.1 JTree
JTree isa perfecttoolforthe display,navigation,and editing ofhierarchicaldata.Because ofitscomplex
nature,JTree hasa whole package devoted to it:javax.swing.tree.Thispackage consistsofa setof
classesand interfaceswhich wewillbrieflyreview beforemoving on to severalexamples.Butfirst,whatisa
tree?

17.1.1 Tree concepts and terminology

The tree is a very important and heavily used data structurethroughoutcomputerscience(e.g.compilerdesign,
graphics, artificial intelligence, etc.). This data structure consists of a logically arranged set of nodes,whichare
containersfordata.Eachtreecontainsonerootnode,whichservesasthattree’stop-mostnode.Anynodecan
have an arbitrarty numberofchild (descendant)nodes.In this way,each descendantnode is the rootofa
subtree.

Each node isconnected by an edge.An edge signifiesthe relationship between two nodes.A node’sdirect
predecessor is called its parent,andallpredecesors(aboveandincludingtheparent)arecalleditsancestors.A
node that has no descendants is called a leaf node. All direct child nodes of a given node are siblings.

A path from onenodeto anotherisasequenceofnodeswith edgesfrom onenodeto thenext.Thelevelofa
node isthe numberofnodesvisited in the path between the rootand thatnode.Theheightofa tree isits
largest level--the length of its longest path.

17.1.2 Tree traversal

Itisessentialthatwebeabletosystematicallyvisiteach and everynodeofatree.(Theterm ‘visit’ hererefers
to performing some task before moving on.) There are three common traversalordersusedforperformingsuch
an operation: preoder,inorder, and postorder. Each is recursive and can be summarized as follows:

Preorder
Recursively do the following:
If the tree is not empty,visit the root and then traverse all subtrees in ascending order.

Inorder(often referred to as breadth first):
Startthetraversalbyvisiting themain treeroot.Then,in ascending order,visittherootofeach subtree.
Continuevisiting therootsofallsubtreesin thismannar,in effectvisiting thenodesateachlevelofthe
tree in ascending order.

Postorder (often referred to as depth first):
Recursively do the following:
If the tree is not empty, traverse all subtrees in ascending order, and then visit the root.
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17.1.3 JTree

class javax.swing.JTree

So how does Swing’s JTree componentdealwith allthis structure? Implementations oftheTreeModel
interface encapsulate all tree nodes, which are implementations of the TreeNode interface. The
DefaultMutabeTreeNode class(an implementation ofTreeNode)providesuswith theabilityto perform
preorder, inorder, and postorder tree traversals.

Note: Thereisnothingstoppingusfrom usingTreeModel asadatastructureclasswithoutactuallydisplayingitin
a GUI.However,since this book,and the Swing library,is devoted to GUI,we will not discuss these
possibilities further.)

JTree graphically displayseach node similarto how JList displaysitselements:in a verticalcolumn of
cells. Similarly, each cell can be rendered with a custom renderer (an implementation of
TreeCellRenderer)and can beedited with acustom TreeCellEditor.Each treecellshowsanon-leaf
node as being expanded or collapsed,and can representnode relationships (i.e.edges) in various ways.
Expanded nodes show their subtree nodes, and collapsed nodes hide this information.

The selection of tree cells is similar to JList’s selection mechanism, and is controlled by a
TreeSelectionModel.Selection also involves keeping track of paths between nodes as instances of
TreeNode.Two kindsofeventsare used specifically with treesand treeselections:TreeModelEvent and
TreeExpansionEvent. OtherAW T and Swing events also apply to JTree.Forinstance,we can use
MouseListeners to intercept mouse presses and clicks. Also note that JTree implements the
Scrollable interface (see chapter 7) and is intended to be placed in a JScrollPane.

A JTree canbeconstructedusingeitherthedefaultconstructor,byprovidingaTreeNode tousefortheroot
node,providing a TreeModel containing allconstituentnodes,or by providing a one-dimensionalarray,
Vector,orHashtable ofobjects.In thelattercase,ifanyelementin thegiven structureisamulti-element
structure itself,itisrecursively used to build a subtree (thisfunctionality ishandled by an innerclasscalled
DynamicUtilTreeNode).

W ewillseehow toconstructandworkwithallaspectsofaJTree soonenough.Butfirstweneedtodevelop
amore solid understanding of its underlying constituents and how they interact.

17.1.4 The TreeM odel interface

abstract interface javax.swing.tree.TreeM odel

Thismodel handles the data to be used in a JTree, assuming that each nodemaintainsanarrayofchildnodes.
NodesarerepresentedasObjects,andaseparaterootnodeaccessorisdefined.A setofmethodsisintended
to retrieve a node based on a given parentnode and index,return the numberofchildren ofa given node,
return the index of a given node based on a given parent, checkifagivennodeisaleafnode(hasnochildren),
andamethodtonotifyJTree thatanodewhichisthedestinationofagivenTreePath hasbeenmodified.It
alsoprovidesmethoddeclarationsforaddingandremovingTreeModelListenerswhichshouldbenotified
when anynodesareadded,removed,orchanged.A JTree’sTreeModel can beretrieved and assigned with
itsgetModel() and setModel() methods respectively.
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17.1.5 DefaultTreeM odel

class javax.swing.tree.DefaultTreeM odel

DefaultTreeModel isthedefaultconcreteimplementation oftheTreeModel interface.Itdefinestheroot
and each node of the tree as TreeNode instances. It maintains an EventListenerList of
TreeModelListenersand providesseveralmethodsforfiring TreeModelEventswhen anything in the
tree changes.ItdefinestheasksAllowedChildren flag which isused to confirm whetherornota node
allows children to be added before actually attempting to add them.DefaultTreeModel also defines
methodsforreturninganarrayofnodesfrom agivennodetotherootnode,insertingandremovingnodes,and
amethod to reload/refresh a tree from a specified node. W e normally build off of this classwhenimplementing
aJTree component.

17.1.6 The TreeNode interface

abstract interface javax.swing.tree.TreeNode

TreeNode describes the base interface which alltree nodes mustconform to in aDefaultTreeModel.
Implementationsofthisclassrepresentthebasicbuilding block ofJTree’smodel.Itdeclarespropertiesfor
specifying whethera node is a leaf,a parent,allows addition ofchild nodes,determining the numberof
children,obtainingaTreeNode childatagivenindexortheparentnode,andobtaininganEnumeration of
all child nodes.

17.1.7 The M utableTreeNode interface

abstract interface javax.swing.tree.M utableTreeNode

Thic interface extendsTreeNode to describe a more sophisticated tree node which can carry a userobject.
Thisistheobjectthatrepresentsthedataofagiventreenode.ThesetUserObject() methoddeclareshow
the user objectshould be assigned (itis assumed thatimplementations of this interface willprovide the
equivalentofagetUserObject() method,eventhough noneisincluded here).Thisinterfacealso provides
method declarations for inserting and removing nodes from a given node, and changing its parent node.

17.1.8 DefaultM utableTreeNode

class javax.swing.tree.DefaultM utableTreeNode

DefaultMutableTreeNode is a concrete implementation ofthe MutableTreeNode interface.M ethod
getUserObject() returnsathedataobjectencapsulatedbythisnode.Itstoresallchild nodesin aVector
called children,accessiblewith thechildren() method which returnsanEnumeration ofallchild nodes.
W ecanalsousethegetChildAt() methodtoretreivethenodecorresponding to thegiven index.Thereare
manymethods for, among other things, retrieving and assigning tree nodes, and theyareallself-explanitory(or
can beunderstood through simplereferenceoftheAPIdocs).Theonly methodsthatdeservespecialmention
here are the overriden toString() method, which returns the String given by the user object’s
toString() method,and the tree traversalmethodswhich return an Enumeration ofnodesin the order
they were visited.As discussed above,there are three types oftraversalsupported:preorder,inorder,and
postorder.Thecorresponding methodsarepreorderEnumeration(),breadthFirstEnumeration(),
depthFirstEnumeration() and postorderEnumeration() (note thatthe lasttwo methods do the
same thing).
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17.1.9  TreePath

class javax.swing.tree.TreePath

A TreePath representsthe path to a node asa setofnodesstarting from the root.(Recallthatnodesare
Objects,not necessarily TreeNodes.) TreePaths are read-only objects and provide functionality for
comparisonbetweenotherTreePaths.ThegetLastPathComponent() givesusthefinalnodeinthepath,
equals() comparestwopaths,getPathCount() givesthenumberofnodesinapath,isDescendant()
checks whether a given path is a descendant of (i.e. is completely contained in) a given path, and
pathByAddingChild() returnsanew TreePath instanceresultingfrom addingthegivennodetothepath.
See the example of section 17.2 for more about working with TreePaths.

17.1.10 The TreeCellRenderer interface

abstract interface javax.swing.tree.TreeCellRenderer

This interface describes the component used to render a cell of the tree. The
getTreeCellRendererComponent() method iscalled to return thecomponentto rendercorresponding
toagivencellandthatcell’sselection,focus,andtreestate(i.e.whetheritisaleaforaparent,and whetherit
is expanded or collapsed).This works similar to custom cellrendering in JList and JComboBox (see
chapters9 and 10).To assign a rendererto JTree we use itssetCellRenderer() method.Recallthat
renderer components are not at all interactive and simply act as “rubber stamps” for display purposes only.

17.1.11 DefaultTreeCellRenderer

class javax.swing.tree.DefaultTreeCellRenderer

DefaultTreeCellRenderer isthedefaultconcreteimplementationoftheTreeCellRenderer interface.
ItextendsJLabel and maintainsseveralpropertiesused to rendera tree cellbasedon itscurrentstate,as
described above.ThesepropertiesincludeIconsused to representthenodein anyofitspossiblestates(leaf,
parentcollapsed,parentexpanded)andbackgroundandforegroundcolorstousebasedonwhetherthenodeis
selected or unselected. Each of these properties is self-explanitory and typical get/set accessors are provided.

17.1.12 CellRenderPane

class javax.swing.CellRenderPane

In chapter 2 we discussed the painting and validation process in detail,but we purposely avoided the
discussion ofhow renderersactually work behind the scenesbecause they are only used be a few specific
components.The componentreturned by a renderer’sgetXXRendererComponent() method isplaced in
an instance ofCellRenderPane.The CellRenderPane isused to actasthe component’sparentso that
anyvalidation and repaintrequeststhatoccurdo notpropogateup theancestry treeofthecontaineritresides
in.It does this by overriding the paint() and invalidate() with empty implementations.

SeveralpaintComponent() methods are provided to rendera given componentonto a given graphical
context.These are used by theJList,JTree,and JTable UIdelegatesto actually painteach cell,which
results in the “rubber stamp” behavior we have referred to.

17.1.13 The CellEditor interface

abstract javax.swing.CellEditor

Unlikerenderers,celleditorsforJTree and JTable aredefined from agenericinterface.Thisinterfaceis
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CellEditor and itdeclaresmethodsforcontrolling when editing willstartand stop,retrieving anew value
resulting from an edit, and whether or not an edit request changes the component’s current selection.

Object getCellEditorValue():used by JTree and JTable afteran accepted editto retrieve the
new value.

boolean isCellEditable(EventObject anEvent):used to testwhetherthe given eventshould
trigger a cell edit. For instance, to accept a single mouse click as an edit invocation we wouldoverridethis
method to testforan instance ofMouseEvent and check itsclick count.Iftheclick countis1 return
true, otherwise return false.

boolean shouldSelectCell(EventObject anEvent):used to specify whether the given event
causesacellthatisaboutto beedited to also beselected.Thiswillcancelallpreviousselection,and for
componentsthatwantto allow editing during an ongoing selection we would returnfalse here.Itis
most common to return true, as we normally think of the cell being edited as the currently selected cell.

boolean stopCellEditing(): used to stop a currentcelledit.This method can be overriden to
perform inputvalidation.Ifa value isfound to be unacceptable we can returnfalse indicating to the
component that editing should not be stopped.

void cancelCellEditing(): used to stop a current cell edit and ignore any new input.

ThisinterfacealsodeclaresmethodsforaddingandremovingCellEditorListenerswhichshouldrecieve
ChangeEvents whenever an edit is stopped or canceled. So stopCellEditing() and
cancelCellEditing() are responsible for firing ChangeEvents to any registered listeners.

Normallycellediting startswith theuserclicking on acellaspecified numberoftimeswhich can bedefined
in the isCellEditable() method.The componentcontaining the cellthen replacesthe currentrenderer
pane with its editor component (JTree’s editor component is that returned by TreeCellEditor’s
getTreeCellEditorComponent() method). If shouldSelectCell() returns true then the
component’sselection state changesto only contain the cellbeing edited.A new value is entered using the
editor and an appropriate action takes place which invokes either stopCellEditing() or
cancelCellEditing().Finally,iftheeditwasstopped and notcanceled,thecomponentretrievesthenew
value from the editor,using getCellEditorValue(),and overwrites the old value.The editoris then
replaced by the renderer pane which is updated to reflect the new data value.

17.1.14 The TreeCellEditor interface

abstract interface javax.swing.tree.TreeCellEditor

ThisinterfaceextendsCellEditor anddescribesthebehaviorofacomponenttobeused in editing thecells
ofatree.M ethodgetTreeCellEditorComponent() iscalled priorto theediting ofanew cellto setthe
initialdataforthecomponentitreturnsastheeditor,based on agiven cellandthatcell’sselection,focus,and
its expanded/collapsed states. W e canuseanycomponentwelikeasaneditor.ToassignaTreeCellEditor
toJTree we use its setCellEditor() method.

17.1.15 DefaultCellEditor

class javax.swing.DefaultCellEditor

This is a concrete implementation ofthe TreeCellEditor interface as wellas the TableCellEditor
interface (see 18.1.11). This editor allows the use of JTextField, JComboBox, or JCheckBox
componentsto editdata.Itdefinesaprotected innerclasscalledEditorDelegate which isresponsiblefor
returning the currentvalue ofthe editorcomponentin use when thegetCellEditorValue() method is
invoked.DefaultCellEditor islimitedtothreeconstructorsforcreatingaJTextField,JComboBox,or
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aJCheckBox editor.

Note: The factthatthe only constructorsprovided are component-specific makesDefaultCellEditor a bad
candidate for extensibility.

DefaultCellEditor maintainsanint propertycalledclickCountToStart which specifieshow many
mouseclick eventsshould trigger an edit.By defaultthisis2 forJTextFieldsand 1 forJComboBox and
JCheckBox editors. As expected ChangeEvents are fired when stopCellEditing() and
cancelCellEditing() are invoked.

17.1.16 DefaultTreeCellEditor

class javax.swing.tree.DefaultTreeCellEditor

DefaultTreeCellEditor extendsDefaultCellEditor,and isthedefaultconcreteimplementation of
the TreeCellEditor interface. It uses a JTextField for editing a node's data (an instance of
DefaultTreeCellEditor.DefaultTextField). stopCellEditing() is called when ENTER is
pressed in this text field. 

An instanceofDefaultTreeCellRenderer isneeded to constructthiseditor,allowing renderericonsto
remain visible while editing (accomplished by embedding the editor in an instance of
DefaultTreeCellEditor.EditorContainer), andfiresChangeEventswheneditingbeginsandends.
As expected, we can add CellEditorListeners to intercept and process these events.

By default,editing starts(ifitisenabled)when acellistriple-clicked ora pause of1200msoccursbetween
two single mouse clicks (the latteris accomplished using an internalTimer).W e can setthe click count
requirement using the setClickCountToStart() method, or check for it directly by overriding
isCellEditable().

17.1.17 The RowM apper interface

abstract interface javax.swing.text.RowM apper

RowMapper describesasinglemethod,getRowsForPaths(),whichmapsanarrayoftreepathstoarrayof
tree rows. A tree row corrsponds to a tree cell, and as we discussed, these are organized similar to JList cells.
JTree selectionsarebased on rowsand treepaths,and wecan choosewhich to dealwith depending on the
needsofourapplication.W e aren’texpected to implementthisinterface unlesswe decide to build ourown
JTree UI delegate.

17.1.18 The TreeSelectionM odel interface

abstract interface javax.swing.tree.TreeSelectionM odel

TheTreeSelectionModel interfacedescribesabaseinterfaceforatree'sselection model.Threemodesof
selection are supported,similar to JList (see chapter 10),and implementations allow setting this mode
through the setSelectionMode() method: SINGLE_TREE_SELECTION,
DISCONTIGUOUS_TREE_SELECTION, and CONTIGUOUS_TREE_SELECTION. Implementations are
expected to maintain a RowMapper instance.The getSelectionPath() and getSelectionPaths()
methodsareintended to return aTreePath and an array ofTreePathsrespectively,allowing accessto the
currently selected paths.The getSelectionRows() method should return an intarray representing the
indicesofallrowscurrently selected.Thelead selection refersto themostrecently added path to thecurrent
selection. W henever the selection changes, implementations of this interface should fire
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TreeSelectionEvents. Appropriately, add/remove TreeSelectionListener methods are also
declared.Allothermethodsare,forthe mostpart,selfexplanitory (see APIdocs).The tree selection model
can be retrieved using JTree‘sgetSelectionModel() method.

Note:JTree defines the inner class EmptySelectionModel which does not allow any selection at all.

17.1.19 DefaultTreeSelectionM odel

class javax.swing.tree.DefaultTreeSelectionM odel

DefaultTreeSelectionModel is the defaultconcrete implementation ofthe TreeSelectionModel
interface.ThismodelsupportsTreeSelectionListener notification when changesare made to a tree's
path selection.Severalmethodsaredefined for,among otherthings,modifying aselection,testing ifitcan be
modified, and firing TreeSelectionEvents when a modification occurs.

17.1.20 The TreeM odelListener interface

abstract interface javax.swing.event.TreeM odelListener

The TreeModelListener interface describes a listenerwhich receives notifications aboutchanges in a
tree'smodel.TreeModelEventsarenormallyfired from aTreeModel when nodesaremodified,added,or
removed.W e can register/unregsitera TreeModelListener with a JTree’smodelusing TreeModel’s
addTreeModelListener() and removeTreeModelListener() methods respectively.

17.1.21 The TreeSelectionListener interface

abstract interface javax.swing.event.TreeSelectionListener

TheTreeSelectionListener interfacedescribesalistenerwhich receivesnotificationsaboutchangesin
a tree's selection.Itdeclares only one method,valueChanged(),accepting a TreeSelectionEvent.
These events are normally fired whenever a tree’s selection changes. W e can register/unregister a
TreeSelectionListener with a tree’s selectionmodelusingJTree’saddTreeSelectionListener()
andremoveTreeSelectionListener() methods respectively.

17.1.22 The TreeExpansionListener interface

abstract interface javax.swing.event.TreeExpansionListener

The TreeExpansionListener interface describes a listener which receives notifications about tree
expansionsand collapses.ImplementationsmustdefinetreeExpanded() and treeCollapsed() events,
which take a TreeExpansionEvent as parameter. W e can register/unregister a
TreeExpansionListener with a tree using JTree’s addTreeExpansionListener() and
removeTreeExpansionListener() methods respectively.

17.1.23 The TreeW illExpandListener interface

abstract interface javax.swing.event.TreeW illExpandListener

The TreeWillExpandListener interface describesa listenerwhich receivesnotificationswhen a tree is
aboutto expand orcollapse.Unlike TreeExpansionListener this listenerwillbe notified before the
actualchange occurs.Implementationsareexpected to throw anExpandVetoException ifitisdetermined
thata pending expansion orcollapse should notbe carried out.Itstwo methods,treeWillExpand() and
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treeWillCollapse(), take a TreeExpansionEvent as parameter. W e can register/unregister a
TreeWillExpandListener with a tree using JTree’s addTreeWillExpandListener() and
removeTreeWillExpandListener() methods respectively.

17.1.24 TreeM odelEvent

class javax.swing.event.TreeM odelEvent

TreeModelEvent isused to notifyTreeModelListenersthatallorpartofaJTree’sdatahaschanged.
This eventencapsulates a reference to the source component,and a singleTreePath oran array ofpath
Objects leading to the top-most affected node.W ecanextractthesourceasusual,usinggetSource(),and
wecan extractthepath(s)using eitherofthegetPath() orgetTreePath() methods(theformerreturns
an array ofObjects,the latterreturnsaTreePath).Optionally,thiseventcan also carry an int array of
node indices and an array of child nodes.These can be extracted using the getChildIndices() and
getChildren() methods respectively.

17.1.25 TreeSelectionEvent

class javax.swing.event.TreeSelectionEvent

TreeSelectionEvent isused to notify TreeSelectionListenersthatthe selection of aJTree has
changed.Onevariantofthiseventencapsulatesareferenceto thesourcecomponent,theselectedTreePath,
aflag specifying whetherthetreepath isanew addition to theselection (trueifso),and thenew and old lead
selection paths(rememberthatthe lead selection path isthe newestpath added to a selection).The second
variantofthiseventencapsulatesa reference to the source component,an array ofselectedTreePaths,an
arrayofflagsspecifying whethereach path isanew addition ornot,and thenew and old lead selection paths.
TypicalgetXX() accessor methods allow extraction of this data. 

Note: An interesting and unusual method defined in this class is cloneWithSource(). By passing it a
component,thismethod returnsacloneoftheevent,butwith areferenceto thegiven componentastheevent
source.

17.1.26 TreeExpansionEvent

class javax.swing.event.TreeExpansionEvent

TreeExpansionEvent is used to encapsulate a TreePath corresponding to a recently, or possibly pending, 
expanded or collapsed tree path. This path can be extracted with the getPath() method.

17.1.27 ExpandVetoException

class javax.swing.tree.ExpandVetoException

ExpandVetoException may be thrown by TreeWillExpandListener methodsto indicate thata tree
path expansion or collapse is prohibited, and should be vetoed.

17.1.28 JTree client properties and UI defaults

W hen using the M etal L&F,JTree uses a specific line style to represent the edges betweennodes.Thedefault
isno edges,butwecan setJTree’slineStyle clientproperty so thateach parentnodeappearsconnected
to each of its child nodes by an angled line:
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    myJTree.putClientProperty("JTree.lineStyle", "Angled");

W e can also set this property such that each tree cell is separated by a horizontal line:

    myJTree.putClientProperty("JTree.lineStyle", "Horizontal");

To disable the line style:

    myJTree.putClientProperty("JTree.lineStyle", "None");

As with any Swing component,we can also change the UIresource defaults used forallinstances ofthe
JTree class.Forinstance,to change the colorofthe linesused forrendering the edgesbetween nodesas
described above, we can modify the entry in the UI defaults table for this resource as follows:

    UIManager.put("Tree.hash", 
      new ColorUIResource(Color.lightGray));

Tomodify the open node icons used by all trees when a node’s children are shown:

    UIManager.put("Tree.openIcon", new IconUIResource(
      new ImageIcon("myOpenIcon.gif")));

W e can do a similarthing forthe closed,leaf,expanded,and collapsed icons using Tree.closedIcon,
Tree.leafIcon, Tree.expandedIcon, and Tree.collapsedIcon respectively. (See the
BasicLookAndFeel source code for a complete list of UI resource defaults.)

Note:W e used the ColorUIResource and IconUIResource wrapperclassesfound in the javax.swing.plaf
packageto wrap ourresourcesbeforeplacing them in theUIdefaultstable.Ifwedo notwrap ourresourcesin
UIResource objects theywillpersistthroughL&F changes(whichmayormaynotbedesirable). Seechapter
21 for more about L&F and resource wrappers.

17.1.29 Controlling JTree appearance

Though we haven’tconcentrated heavily on UIdelegate customization foreach componentthroughoutthis
book,Swing certainly providesuswith a high degree offlexibility in thisarea.Itisparticularly usefulwith
JTree because no methods are provided in the componentitselftocontroltheindentationspacingoftreecells
(notethattherow heightcanbespecifiedwithJTree’ssetRowHeight() method).TheJTree UIdelegate
also provides methods for setting expanded and collapsed icons,allowing us to assign these on a per-
componentbasisratherthan a globalbasis(which isdone usingUIManager --see 17.1.28).The following
BasicTreeUImethods provide this control, and figure 17.1 illustrates:

void setCollapsedIcon(Icon newG): icon used to specify that a child icon is in the collapsed state.

void setExpandedicon(Icon newG): icon used to specify that a child icon is in the expanded state.

void setLeftChildIndent(int newAmount):used to assign a distance between the leftside ofa
parent node and the center of an expand/collapse box of a child node.

void setRightChildIndent(int newAmount):used to assign adistancebetween thecenterofthe
expand/collapse box of a child node to the left side of that child node’s cell renderer.
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Figure 17.1 JTree UI delegate icon and indentation properties.

<<file figure17-1.gif>>

To actually use these methods we firsthavetoobtainthetargettree’sUIdelegate.Forexample,to assignaleft
indent of 8 and a right indent of 10:

  BasicTreeUI basicTreeUI = (BasicTreeUI) myJTree.getUI();
  basicTreeUI.setRightChildIndent(10);
  basicTreeUI.setLeftChildIndent(8);

UI Guideline : W hen to use a treeAs a selection device

Thetreecomponentwasinvented asa mechanism forselection from large hierarchicaldata setswithouthaving to
resorttoa"Search"mechanism.Assuch,JTreefallsbetweenlistingandsearchdataasacomponentwhich can
improveusability by easing theprocessoffinding something,providing thattheitem to befound (orselected)
is hidden within a hierarchical data set.

Forexample,finding an employee by name.Fora smalldata set,a simple listmay be sufficient.Asthe data set
grows,itmay beeasierfortheuserifyou sortthenamesalphabetically,orby departmentin which they work.
By doing so,you haveintroduced ahierarchy and may now useatreecomponent.Useofthetree component
may help and speed random selection from the data set,providing thatthe hierarchicalstructure used exists
within the domain. i.e. don't introduce artificial hierarchies and expect users to understand them. M oreexplicitly,
ifyoucanputthehierarchyintoyouranalysismodelandusersacceptitthenitsfine.Ifyoucan't thendon'tand
consequently, don't select a tree component as the solution. 

As a data set rises to become verylarge,treecomponentmayagainbeoflittlevalueandyouwillneedtointroducea
full search facility.

Asageneralrule,whenusingatreeasaselection device,you would startwith thetreecollapsed and allow theuser
to expand itas they "search" forthe item they are looking for.Ifthere is a defaultselection ora current
selection then you may expand that part of the tree to show that selection.

As a Visual Layering Device

Evenwith a small data set, youmay find it advantagous to display a visual hierarchy to aid visualcomprehensionand
visualsearching.W ith theemployeeexample,even forasmalldataset,you may preferto layerby department
orbyalphabeticalorder.EvenifselectionisbeingusedintheUI,itisimportanttounderstandwhenyouchose
to use the tree componentforimproved visualcommunication i.e.selection would stillhave been perfectly
possible using a list but for visual communication reasons a tree was chosen.
W henatreeisselectedfordisplayonlyi.e.noselectionistakingplace,thenyouaredefinitelyusingthetreeas
a visual layering device.

As a generalrule,when you use a tree as a visuallayering device,you willbe defaultexpand the tree in full,
revealing the full hierarchy.

How you useatreeand which optionsto selectamongstthemanyselection and display variants,can beaffected by
the usage as wewill demonstrate later.
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17.2 Basic JTree example - network object IDs
As we know very well by now, JTree is suitable for the display andeditingofahierarchicalsetofobjects.To
demonstratethisin an introductory-levelexample,wewillconsiderasetofObjectIdentifiers(OIDs)used in
theSimpleNetworkM anagement Protocol(SNM P).Inthefollowingexample,weshow how tobuildasimple
JTree displaying the initial portion of the OID tree. 

SNM P isused extensivelyto managenetwork components,and isparticularlyimportantin managing internet
routersandhosts.EveryobjectmanagedbySNM P musthaveauniqueOID.An OID isbuiltfrom asequence
ofnumbersseparated by periods.Objectsare organized heirarchicaly and have an OID with a sequence of
numbersequalinlengthtotheirlevel(see17.1.1)intheOID tree.TheInternationalOrganizationofStandards
(ISO) establishes rules for building OIDs.

Notethatunderstanding SNM P iscertainlynotnecessaryto understand thisexample.Thepurposeisto show
how to construct a tree using:

A DefaultTreeModel with DefaultMutableTreeNodes containing custom user objects.

A customizedDefaultTreeCellRenerer.

A TreeSelectionListener which displays information in a status bar based on the TreePath
encapsulated in the TreeSelectionEvents it receives.

Figure 17.2 JTree w ith custom  cell renderer icons, selection listener, and visible root handles.

<<file figure17-2.gif>>

The Code: Tree1.java
see\Chapter17\1

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;
import javax.swing.tree.*;
import javax.swing.event.*;
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public class Tree1 extends JFrame 
{
  protected JTree  m_tree = null;
  protected DefaultTreeModel m_model = null;
  protected JTextField m_display;

  public Tree1() {
    super("Sample Tree [OID]");
   setSize(400, 300);

    Object[] nodes = new Object[5];
    DefaultMutableTreeNode top = new DefaultMutableTreeNode(
      new OidNode(1, "ISO"));
    DefaultMutableTreeNode parent = top;
      nodes[0] = top;

    DefaultMutableTreeNode node = new DefaultMutableTreeNode(
      new OidNode(0, "standard"));
    parent.add(node);
    node = new DefaultMutableTreeNode(new OidNode(2, 
      "member-body"));
    parent.add(node);
    node = new DefaultMutableTreeNode(new OidNode(3, "org"));
    parent.add(node);
    parent = node;
    nodes[1] = parent;

    node = new DefaultMutableTreeNode(new OidNode(6, "dod"));
    parent.add(node);
    parent = node;
    nodes[2] = parent;

    node = new DefaultMutableTreeNode(new OidNode(1, "internet"));
    parent.add(node);
    parent = node;
    nodes[3] = parent;

    node = new DefaultMutableTreeNode(new OidNode(1, "directory"));
    parent.add(node);
    node = new DefaultMutableTreeNode(new OidNode(2, "mgmt"));
    parent.add(node);
    nodes[4] = node;
    node.add(new DefaultMutableTreeNode(new OidNode(1, "mib-2")));
    node = new DefaultMutableTreeNode(new OidNode(3, 
      "experimental"));
    parent.add(node);
    node = new DefaultMutableTreeNode(new OidNode(4, "private"));
    node.add(new DefaultMutableTreeNode(new OidNode(1, 
      "enterprises")));
    parent.add(node);
    node = new DefaultMutableTreeNode(new OidNode(5, "security"));
    parent.add(node);
    node = new DefaultMutableTreeNode(new OidNode(6, "snmpV2"));
    parent.add(node);
    node = new DefaultMutableTreeNode(new OidNode(7, 
      "mail"));
    parent.add(node);

    m_model = new DefaultTreeModel(top);
    m_tree = new JTree(m_model);

    DefaultTreeCellRenderer renderer = new 
      DefaultTreeCellRenderer();
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    renderer.setOpenIcon(new ImageIcon("opened.gif"));
    renderer.setClosedIcon(new ImageIcon("closed.gif"));
    renderer.setLeafIcon(new ImageIcon("leaf.gif"));
    m_tree.setCellRenderer(renderer);

    m_tree.setShowsRootHandles(true); 
    m_tree.setEditable(false);

TreePath path = new TreePath(nodes);
    m_tree.setSelectionPath(path);

    m_tree.addTreeSelectionListener(new 
      OidSelectionListener());

    JScrollPane s = new JScrollPane();
    s.getViewport().add(m_tree);
    getContentPane().add(s, BorderLayout.CENTER);

    m_display = new JTextField();
    m_display.setEditable(false);
    getContentPane().add(m_display, BorderLayout.SOUTH);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  public static void main(String argv[]) {
    new Tree1();
  }

  class OidSelectionListener implements TreeSelectionListener 
  {
    public void valueChanged(TreeSelectionEvent e) {
      TreePath path = e.getPath();
      Object[] nodes = path.getPath();
      String oid = "";
      for (int k=0; k<nodes.length; k++) {
        DefaultMutableTreeNode node = 
          (DefaultMutableTreeNode)nodes[k];
        OidNode nd = (OidNode)node.getUserObject();
        oid += "."+nd.getId();
      }
      m_display.setText(oid);
    }
  }
}

class OidNode
{
  protected int    m_id;
  protected String m_name;

  public OidNode(int id, String name) {
    m_id = id;
    m_name = name;
  }

  public int getId() { return m_id; }
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  public String getName() { return m_name; }

  public String toString() { return m_name; }
}

Understanding the Code

Class Tree1

This class extendsJFrame to implementthe frame containerforourJTree.Three instance variables are
declared:

JTree m_tree: our OID tree.

DefaultTreeModel m_model: treemodel to manage data.

JTextField m_display: used as a status bar to display the selected object’s OID.

The constructorfirstinitializes the parentframeobject.Then a numberofDefaultMutableTreeNodes
encapsulating OidNodes (see below) are created. These objects form a hierarchical structure with
DefaultMutableTreeNode top at the root. Note that during the construction of these nodes, the Object[]
nodes array is populated with a path of nodes leading to the "mgmt" node.

DefaultTreeModel m_model iscreated with thetop nodeastheroot,and JTree m_tree iscreated to
managethismodel.Then some specific optionsare setforthistree component.First,wereplace the default
iconsforopened,closedandleaficonswith ourcustom icons,using aDefaultTreeCellRenderer asour
tree’s cell renderer:

        DefaultTreeCellRenderer renderer = new 
            DefaultTreeCellRenderer();
        renderer.setOpenIcon(new ImageIcon("opened.gif"));
        renderer.setClosedIcon(new ImageIcon("closed.gif"));
        renderer.setLeafIcon(new ImageIcon("leaf.gif"));
        m_tree.setCellRenderer(renderer);

Then we settheshowsRootHandles property to true,the Editable property to false,and selectthe
path determined by the nodes array formed above:

        m_tree.setShowsRootHandles(true); 
        m_tree.setEditable(false);
        TreePath path = new TreePath(nodes);
        m_tree.setSelectionPath(path);

Our custom OidSelectionListener (see below)TreeSelectionListener is added to the tree to
receive notification when our tree’s selection changes.

A JScrollPane iscreated to provide scrolling capabilities,and ourtree isadded to itsJViewport.This
JScrollPane is then added to the center ofourframe.A non-editableJTextField m_display iscreated
and added to the south region of our frame’s content pane to display the currently selected OID.

Class Tree1.OidSelectionListener

This inner class implements the TreeSelectionListener interface to receive notifications aboutwhenour
tree’sselectionchanges.OurvalueChanged() implementationextractsTreePath forthecurrentselection
and visitseach node,starting from the root,accumulating the OID in .N.N.N form asitgoes(where N isa
digit). This method ends by displaying the resulting OID in our text field status bar.
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Class OidNode

Thisclassencapsulatesa single objectidentifierasa numberand aString name describing the associated
object.Both valuesarepassed to theOidNode constructor.Instancesofthisclassare passed directly to the
DefaultMutableTreeNode constructor to act as a node’s user object.The overridden toString()
method isused to return the nameString so thatourtree’scellrendererwilldisplay each node correctly.
Recallthat,by default,DefaultTreeCellRenderer willcalla node’suserobjecttoString() method
for rendering.

Running the Code

Figure17.1 showsourOID treein action.Try selecting varioustreenodesand notehow theselected OID is
displayed at the bottom of the frame.

UI Guideline : Icons &  Root Handles

In thisexample,we are visually re-inforcing the data hierarchy with icons.The iconsare overloading on the root
handlestocommunicatewhetheranelementisadocumentoracontainerand whetherthatcontainerisopen or
closed.The book icon has two variants to communicate "open book" and "closed book".The icons are
communicating the same information as the root handles.
Therefore,itistechnicallypossibleto removetheroothandles.In someproblem domains,hidden roothandles
maybemoreappropriate,providing thattheUsersarecomfortablewith interpreting thebook iconsand realise
that a "closed book" icon means that the node can be expanded.

17.3 Directories tree: part I - dynamic node retrieval
Theexamplein thissection usestheJTree componentto display and navigate through a tree ofdirectories
located on drives accessiblefrom theuser’smachine.W ewillshow how tobuildacustom treecellrendereras
well as create and insert tree nodes dynamically.

The main problem encountered in building this application is the factthatitis notpracticalto read all
directoriesforallaccessibledrivesbeforedisplaying ourtreecomponent.Thiswould takean extremely long
time.Todealwiththisissueweinitiallydisplayonlytheroots(i.e.diskpartitionsornetworkdrives),andthen
dynamically expand the tree as the user navigates through it. This requires the use of threads and
SwingUtilities.invokeLater() for thread-safe updating of our tree.
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Figure 17.3 Dynam ic, threaded directories tree w ith custom  cell renderer and angled line style.

<<file figure17-3.gif>>

The Code: FileTree1.java
see\Chapter17\2

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.tree.*;
import javax.swing.event.*;

public class FileTree1 extends JFrame 
{
  public static final ImageIcon ICON_COMPUTER = 
    new ImageIcon("computer.gif");
  public static final ImageIcon ICON_DISK = 
    new ImageIcon("disk.gif");
  public static final ImageIcon ICON_FOLDER = 
    new ImageIcon("folder.gif");
  public static final ImageIcon ICON_EXPANDEDFOLDER = 
    new ImageIcon("expandedfolder.gif");

  protected JTree  m_tree;
  protected DefaultTreeModel m_model;
  protected JTextField m_display;

  public FileTree1() {
    super("Directories Tree");
    setSize(400, 300);

    DefaultMutableTreeNode top = new DefaultMutableTreeNode(
      new IconData(ICON_COMPUTER, null, "Computer"));

    DefaultMutableTreeNode node;
      File[] roots = File.listRoots();
    for (int k=0; k<roots.length; k++) {
      node = new DefaultMutableTreeNode(
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        new IconData(ICON_DISK, 
        null, new FileNode(roots[k])));
      top.add(node);
      node.add( new DefaultMutableTreeNode(
      new Boolean(true)));
    }

    m_model = new DefaultTreeModel(top);
    m_tree = new JTree(m_model);
    m_tree.getSelectionModel().setSelectionMode(
      TreeSelectionModel.SINGLE_TREE_SELECTION);
    m_tree.putClientProperty("JTree.lineStyle", "Angled");
    TreeCellRenderer renderer = new IconCellRenderer();
    m_tree.setCellRenderer(renderer);
    m_tree.addTreeExpansionListener(new DirExpansionListener());
    m_tree.addTreeSelectionListener(new DirSelectionListener());
    m_tree.setShowsRootHandles(true); 
    m_tree.setEditable(false);

    JScrollPane s = new JScrollPane();
    s.getViewport().add(m_tree);
    getContentPane().add(s, BorderLayout.CENTER);

    m_display = new JTextField();
    m_display.setEditable(false);
    getContentPane().add(m_display, BorderLayout.NORTH);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  DefaultMutableTreeNode getTreeNode(TreePath path) {
    return (DefaultMutableTreeNode) (path.getLastPathComponent());
  }

  FileNode getFileNode(DefaultMutableTreeNode node) {
    if (node == null)
      return null;
    Object obj = node.getUserObject();
    if (obj instanceof IconData)
      obj = ((IconData)obj).getObject();
    if (obj instanceof FileNode)
      return (FileNode)obj;
    else
      return null;
  }

  // Make sure expansion is threaded and updating the tree model
  // only occurs within the event dispatching thread.
  class DirExpansionListener implements TreeExpansionListener
  {
    public void treeExpanded(TreeExpansionEvent event) {
      final DefaultMutableTreeNode node = getTreeNode(
        event.getPath());
      final FileNode fnode = getFileNode(node);

      Thread runner = new Thread() {
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        public void run() {
          if (fnode != null && fnode.expand(node)) {
            Runnable runnable = new Runnable() {

           public void run() {
                m_model.reload(node);
              }
            };
            SwingUtilities.invokeLater(runnable);
          }
        }
      };
      runner.start();
    }

    public void treeCollapsed(TreeExpansionEvent event) {}
  }

  class DirSelectionListener implements TreeSelectionListener
  {
    public void valueChanged(TreeSelectionEvent event) {
      DefaultMutableTreeNode node = getTreeNode(event.getPath());
        FileNode fnode = getFileNode(node);

   if (fnode != null)
          m_display.setText(fnode.getFile().getAbsolutePath());
        else
          m_display.setText("");
    }
  }

  public static void main(String argv[]) { new FileTree1(); }
}

class IconCellRenderer extends JLabel implements TreeCellRenderer
{
  protected Color m_textSelectionColor;
  protected Color m_textNonSelectionColor;
  protected Color m_bkSelectionColor;
  protected Color m_bkNonSelectionColor;
  protected Color m_borderSelectionColor;

  protected boolean m_selected;

  public IconCellRenderer() {
    super();
    m_textSelectionColor = UIManager.getColor(
      "Tree.selectionForeground");
    m_textNonSelectionColor = UIManager.getColor(
      "Tree.textForeground");
    m_bkSelectionColor = UIManager.getColor(

  "Tree.selectionBackground");
    m_bkNonSelectionColor = UIManager.getColor(
      "Tree.textBackground");
    m_borderSelectionColor = UIManager.getColor(
      "Tree.selectionBorderColor");
    setOpaque(false);
  }

  public Component getTreeCellRendererComponent(JTree tree, 
   Object value, boolean sel, boolean expanded, boolean leaf, 
   int row, boolean hasFocus)
  {
    DefaultMutableTreeNode node = (DefaultMutableTreeNode)value;
    Object obj = node.getUserObject();
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    setText(obj.toString());

    if (obj instanceof Boolean)
      setText("Retrieving data...");

    if (obj instanceof IconData) {
      IconData idata = (IconData)obj;
      if (expanded)
        setIcon(idata.getExpandedIcon());
      else
        setIcon(idata.getIcon());
    }
    else
      setIcon(null);

    setFont(tree.getFont());
    setForeground(sel ? m_textSelectionColor : 
      m_textNonSelectionColor);
    setBackground(sel ? m_bkSelectionColor : 
      m_bkNonSelectionColor);
    m_selected = sel;
    return this;
  }

  public void paintComponent(Graphics g) {
    Color bColor = getBackground();
    Icon icon = getIcon();

    g.setColor(bColor);
    int offset = 0;
    if(icon != null && getText() != null) 
      offset = (icon.getIconWidth() + getIconTextGap());
    g.fillRect(offset, 0, getWidth() - 1 - offset,
      getHeight() - 1);

    if (m_selected) {
      g.setColor(m_borderSelectionColor);
      g.drawRect(offset, 0, getWidth()-1-offset, getHeight()-1);
    }
    super.paintComponent(g);
  }
}

class IconData
{
  protected Icon   m_icon;
  protected Icon   m_expandedIcon;
  protected Object m_data;

  public IconData(Icon icon, Object data) {
    m_icon = icon;
    m_expandedIcon = null;
    m_data = data;
  }

  public IconData(Icon icon, Icon expandedIcon, Object data) {
    m_icon = icon;
    m_expandedIcon = expandedIcon;
    m_data = data;
  }

  public Icon getIcon() { return m_icon; }
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  public Icon getExpandedIcon() { 
    return m_expandedIcon!=null ? m_expandedIcon : m_icon;
  }

  public Object getObject() { return m_data; }

  public String toString() { return m_data.toString(); }
}

class FileNode
{
  protected File m_file;

  public FileNode(File file) { m_file = file; }

  public File getFile() { return m_file; }

  public String toString() {
    return m_file.getName().length() > 0 ? m_file.getName() :
      m_file.getPath();
  }

  public boolean expand(DefaultMutableTreeNode parent) {
    DefaultMutableTreeNode flag =
      (DefaultMutableTreeNode)parent.getFirstChild();

 if (flag==null)      // No flag
      return false;
    Object obj = flag.getUserObject();
    if (!(obj instanceof Boolean))
      return false;      // Already expanded

    parent.removeAllChildren();  // Remove Flag

    File[] files = listFiles();
  if (files == null)

      return true;

    Vector v = new Vector();

    for (int k=0; k<files.length; k++) {
      File f = files[k];
      if (!(f.isDirectory()))
        continue;

      FileNode newNode = new FileNode(f);

      boolean isAdded = false;
      for (int i=0; i<v.size(); i++) {
        FileNode nd = (FileNode)v.elementAt(i);
        if (newNode.compareTo(nd) < 0) {
          v.insertElementAt(newNode, i);
          isAdded = true;
          break;
        }
      }
      if (!isAdded)
      v.addElement(newNode);
    }

    for (int i=0; i<v.size(); i++) {
      FileNode nd = (FileNode)v.elementAt(i);
      IconData idata = new IconData(FileTree1.ICON_FOLDER, 
        FileTree1.ICON_EXPANDEDFOLDER, nd);
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      DefaultMutableTreeNode node = 
        new DefaultMutableTreeNode(idata);
      parent.add(node);

      if (nd.hasSubDirs())
        node.add(new DefaultMutableTreeNode( 
          new Boolean(true) ));
    }
    return true;
  }

  public boolean hasSubDirs() {
    File[] files = listFiles();
    if (files == null)
      return false;
    for (int k=0; k<files.length; k++) {
      if (files[k].isDirectory())
        return true;
    }
    return false;
  }

  public int compareTo(FileNode toCompare) { 
  return  m_file.getName().compareToIgnoreCase(

      toCompare.m_file.getName() ); 
  }

  protected File[] listFiles() {
    if (!m_file.isDirectory())
      return null;
    try {
      return m_file.listFiles();
    }
    catch (Exception ex) {
      JOptionPane.showMessageDialog(null,
        "Error reading directory "+m_file.getAbsolutePath(),
        "Warning", JOptionPane.WARNING_MESSAGE);
          return null;
    }
  }
}

Understanding the Code

Class FileTree1

Four custom icons are loaded as static ImageIcon variables: ICON_COMPUTER, ICON_DISK,
ICON_FOLDER, and ICON_EXPANDEDFOLDER, and three instance variables are declared:

JTree m_tree: tree component to display directory nodes.

DefaultTreeModel m_model: treemodel to manage nodes.

JTextField m_display: component to display selected directory (acts as a status bar).

TheFileTree1 constructorcreatesand initializesallGUIcomponents.A rootnode“Computer” hostschild
nodesforalldisk partitionsand network drivesin thesystem.Thesenodes encapsulateFilesretrieved with
the static File.listRoots() method (a valuable addition to the File class in Java 2). Note that
IconData objects(seebelow)encapsulateFiles in thetree.Also notethateach newly created child node
immediately receives a child node containing a Boolean userobject.This Boolean objectallows us to
display an expanding message fornodeswhen they are in the processofbeing expanded.Exactly how we
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expand them will be explained soon enough.

W e then create a DefaultTreeModel and passour“Computer” node asthe root.Thismodelis used to
instantiate our JTree object:

    m_model = new DefaultTreeModel(top);
    m_tree = new JTree(m_model);

W ethen setthelineStyle clientproperty so thatangled lineswillrepresenttheedgesbetween parentand
child nodes:

    m_tree.putClientProperty("JTree.lineStyle", "Angled");

W ealsouseacustom treecellrenderer,aswellasatreeexapansionlistenerandatreeselectionlistener,(each
of which in detail below): IconCellRenderer, DirExpansionListener, and
DirSelectionListener respectively.

Theactualcontentsofourtreenodesrepresentdirectories.EachnodeisaDefaultMutableTreeNode with
an IconData userobject.Each userobjectisan instance ofIconData,and each IconData containsan
instance ofFileNode.Each FileNode contain a java.io.File object.Thus we have a fourlayered
nested structure:

DefaultMutableTreeNode is used for each node to represent a directory or disk (as well as the
“Computer” root node). W hen we retrieve a node at the end of a given TreePath, using the
getLastPathComponent() method, we are provided with an instance of this class.

IconData (see below)sitsinsideDefaultMutableTreeNode and providescustom iconsforourtree
cell renderer, and encapsulation of a FileNode object. IconData can be retrieved using
DefaultMutableTreeNode‘s getUserObject() method.Note thatwe need to castthe returned
Object to an IconData instance.

FileNode (see below) sits inside IconData and encapsulates a File objects.A FileNode can be
retrieved using IconData’sgetObject() method, also requireing a subsequent cast. 

A File object sits inside a FileNode and can be retrieved using FileNode’sgetFile() method.

Figure 17.2 illustrates this structure. 

Figure 17.2 Nested structure of our tree nodes.

<<file figure17-2.gif>>

To keep things simple, two helper methods are provided to work with these encapsulated nodes:
getTreeNode() retrievesaDefaultMutableTreeNode from agivenTreePath,andgetFileNode()
retrievestheFileNode (ornull)from aDefaultMutableTreeNode.W ewillseewherethesemethods
are needed soon enough.
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Class FileTree1.DirExpansionListener

ThisinnerclassimplementsTreeExpansionListener to listen fortreeexpansion events.W hen anodeis
expanded,method treeExpanded() retrievestheFileNode instance forthatnode,and,ifit'snotnull,
callstheexpand() method on it(seebelow).Thisiswrapped in aseparatethread becauseitcan often bea
very timeconsuming processand wedo notwanttheapplicationto freeze.Insidethisthread,onceexpand()
hascompleted,weneed to updatethetreemodelwith any new nodesretrieved.Aswe learned in chapter2,
updating thestateofacomponentshould only occurwithin the eventdispatching thread.Forthisreasonwe
wrap the call to reload() in a Runnable and send it the event dispatching queue using
SwingUtilities.invokeLater():

    Runnable runnable = new Runnable() {
      public void run() {
        m_model.reload(node);
      }
    };
    SwingUtilities.invokeLater(runnable);

Aswe willsee below in ourdiscussion ofIconCellRenderer,by placing a Boolean userobjectin a
dummychild nodeofeach non-expanded node,weallow acertainString to bedisplayed whileanodeisin
the process of being expanded.In our case, “Retreiving data...” is shown below a node until finished
expanding.

Class FileTree1.DirSelectionListener

ThisinnerclassimplementsTreeSelectionListener to listen fortree selection events.W hen a node is
selected,thevalueChanged() method extractstheFileNode instancecontained in thatnode,and,ifitis
notnull, displays the absolute path to that directory in the m_display text field.

Class IconCellRenderer

ThisclassimplementstheTreeCellRenderer interfaceand extendsJLabel.Thepurposeofthisrenderer
is to display custom icons and access FileNodes contained in IconData instances. 

FirstwedeclarefiveColorsand retrievethem from thecurrentlook-and-feelin usethrough UIManager’s
getColor() method.ThegetTreeCellRendererComponent() method isthen implemented to setthe
propertextand icon (retrieved from the underlying IconData object).Ifthe userobjecthappens to be a
Boolean, this signifies that a node is in the process of being expanded:

        if (obj instanceof Boolean)
          setText("Retrieving data...");

The reason we dothisisslightlyconfusing.IntheFileNode expand() method(seebelow),wheneachnew
node is added to ourtree itreceives a node containing a Boolean userobjectonly ifthe corresponding
directoryhassub-directories.W henweclickonthisnode,theBoolean childwillbeimmediatelyshown,and
we also generate an expansion eventthatis received by ourDirExpansionListener.As we discussed
above,thislistenerextractsthe encapsulatedFileNode and callsthe FileNode expand() method on it.
Thechild nodecontaining theBoolean objectisremoved beforeallnew nodesareadded.Untilthisupdate
occurs,theJTree willdisplaytheBoolean childnode,ineffecttellingusthattheexpansionisnotcomplete
yet. So, if our cell renderer detects a Boolean user object, we simply display“Recieving data...” for its text.

The paintComponent() method isoverridden to fillthetextbackground with theappropriatecolorsetin
the getTreeCellRendererComponent() method.Fortunately we don'tneed to explicitly draw the text
and icon because we have extended JLabel, which can do this for us.
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Class IconData

InstancesofthisclassareusedasourDefaultMutableTreeNode userdataobjects,andtheyencapsulatea
generic Object m_data and two Icons foruse by IconCellRenderer.These icons can be retrieved
with ourgetIcon() and getExpandedIcon() methods.Theicon retrieved withgetExpandedIcon()
representsan expanded folder,and theicon retrieved withgetIcon() representsacollapsed/non-expanded
folder.NotethatthetoString() method invokestoString() on them_data object.In ourexamplethis
objectiseitheraFileNode,in thecaseofan expanded folder,oraBoolean,in thecaseofanon-expanded
folder.

Class FileNode

This class encapsulates a File object, which is in turn encapsulated in an IconData object in a
DefaultMutableTreeNode.

As we discussed above,the toString() method determines the textto be displayed in each tree cell
containing a FileNode.Itreturns File.getName() forregulardirectories and File.getPath() for
partitions.

The mostinteresting and complex method ofthisclassisexpand(),which attemptsto expand a node by
dynamicallyinsertingnew DefaultMutableTreeNode’scorresponding toeach sub-directory.Thismethod
returns true if nodes are added, and false otherwise. First we need to discuss the mechanism of
dynamically reading information (of any kind) into a tree:

Before we add any new node to the tree,we mustdetermine somehow whetherornotithaschildren (we
don't need a list of children yet, just a yes or no answer).

Ifanewly created nodehaschildren,afakechild to beused asaflag willbeadded to it.Thiswillsignify
that the parent node has not been expanded.

W hen a node is expanded, its list of children is examined. Three situations are possible:

No children.Thisnodeisaleafand cannotbeexpanded (remember,we'vechecked previously whetheror
not any newly created node has children).

One flag child is present. That node haschildrenwhichhavenotbeenaddedyet.Sowecreatethesechildren
(depending on the nature of the tree) and add new nodes to the parent node.

One or more non-flag children are present. This node has already been processed, so expand it as usual.

M ethod FileNode.expand() implementsthisdynamictreeexpansion strategy,and takesaparentnodeas
parameter.In the process ofexpansion italso alphabetically sorts each node fora more organized display
structure.Initially this method checks the first child of the given parent node:

    DefaultMutableTreeNode flag = 
      (DefaultMutableTreeNode)parent.getFirstChild();
    if (flag==null)      // No flag
      return false;
    Object obj = flag.getUserObject();
    if (!(obj instanceof Boolean))
      return false;    // Already expanded

    parent.removeAllChildren();  // Remove Flag

Ifno child isfound,itcan only mean thatthisnode wasalready checked and wasfound to be a true leaf(a
directory with no sub-directories).Ifthisisn’tthe case then we extractthe associated data objectand check
whetheritisan instanceofBoolean,i.e.itisaflag child.Ifyes,theflag child isremoved and ourmethod
proceedsto add nodescorresponding to each sub-directory.Otherwiseweconcludethatthisnodehasalready
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been processed and return, allowing it to be expanded as usual.

W eprocessanewlyexpanded nodebyretrieving an array ofFile objectsrepresenting filescontained in the
corresponding directory:

    File[] files = listFiles();
    if (files == null)
      return true;

If the contents have been successfully read, we check for sub-directories and create new FileNodes for each:

    Vector v = new Vector();

    for (int k=0; k<files.length; k++) {
      File f = files[k];

 if (!(f.isDirectory()))
        continue;

      FileNode newNode = new FileNode(f);

Toperform alphabeticalsortingofchildnodeswestorethem inatemporarycollectionVector v,anditerate
through our array of Files, inserting them accordingly

      boolean isAdded = false;
      for (int i=0; i<v.size(); i++) {
        FileNode nd = (FileNode)v.elementAt(i);
        if (newNode.compareTo(nd) < 0) {
          v.insertElementAt(newNode, i);
          isAdded = true;
           break;

    }
      }
      if (!isAdded)
      v.addElement(newNode);
    }

W ethenwrapeachnewlycreatedFileNode objectinanIconData tobind them with foldericons,and add
thesorted nodesto thegiven parentnode.Atthesametime,flagsareadded to new nodesifthey contain any
sub-directories themselves (this is checked by the hasSubDirs() method):

    for (int i=0; i<v.size(); i++) {
      FileNode nd = (FileNode)v.elementAt(i);
      IconData idata = new IconData(FileTree1.ICON_FOLDER, 
      FileTree1.ICON_EXPANDEDFOLDER, nd);
      DefaultMutableTreeNode node = new 
        DefaultMutableTreeNode(idata);
      parent.add(node);
      if (nd.hasSubDirs())
        node.add(new DefaultMutableTreeNode( 
          new Boolean(true) ));
    }
    return true;

The rest of FileNode class implements three methods which do not require much explanation at this point:

boolean hasSubDirs() returns true if this directory has sub-directories and false otherwise.

int compareTo(FileNode toCompare) returns the resultof the alphabeticalcomparison of this
directory with another given as parameter.

File[] listFiles() readsa listofcontained fliesin thisdirectory.Ifan exception occurs(possible
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whilereading from afloppy disk ornetwork drive)thismethod displaysawarning messageand returns
null.

Running the Code

Figure17.3 showsourdirectory tree atwork.Note the use ofcustom iconsforpartition roots.Try selecting
variousdirectoriesand notehow theselected path isreflected atthe top ofthe framein ourstatusbar.Also
notethatwhen expanding largedirectories“Retrieving data..” willbedisplayed underneath thecorresponding
node.Because we have properly implemented multithreading,we can go offand expand otherdirectories
while this one is being processed.Also notthatthe tree is always updated correctly when the expanding
procedurecompletesbecausewehavemadesureto onlychangeitsstatein theeventdispatching thread using
invokeLater().

UI Guideline : W hen to use connecting lines

Angled connecting lines (oredges )add visualnoise and clutterto a tree display.Reduced visualclutteraiding
recognitionandcomprehensionisaclearadvantagetoleavingthem outofthedesign.Sowhenisitappropriate
to have them included?

Includethe line edges when it is likely that:

(a) several nodes may be expanded at one time and/or

(b) the data set is very large and a node may expand off the bottom of the screen and perhaps several screens deep.In
thiscasetheintroduction ofthelines,helpsto givethevieweraclearpictureofhow many layersdeep in the
hierarchy they are viewing and makes it easier to trace back to the original root node.

17.4 Directories tree: part II - popup menus and programmatic 
navigation
Theexamplein theprevioussection can beextended in numerouswaysto serveasaframework foramuch
moreflexibleapplication.In thissection we'lladd simplepopup menusto ourtree,displayed in responseto a
rightmouse click, with content dependant on the click location. (W e discussed popup menus in chapter 12.)

Ourpopupmenueithercontainsan“Expand” or“Collapse” item dependingonthestatusofthecorresponding
nodenearestto themouseclick.Theseitemswillprogramatically invokean expand orcollapseofthegiven
node. Our popup menu also contains “Delete” and “Rename” dummy items that are not completely
implemented,butexplicitly illustrate how we mightcontinue to build upon this example to create a more
complete directory explorer application.
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Figure 17.4 Node dependant popup m enus allow ing program m atic expand and collapse.

<<file figure17-4.gif>>

The Code: FileTree2.java
see\Chapter17\3

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.tree.*;
import javax.swing.event.*;

public class FileTree2 extends JFrame 
{
  // Unchanged code from section 17.3

  protected JPopupMenu m_popup;
  protected Action m_action;
  protected TreePath m_clickedPath;

  public FileTree2() {
    super("Directories Tree [Popup Menus]");
    setSize(400, 300);
    getContentPane().setLayout(new BorderLayout());

    // Unchanged code from sectionn 17.3

    m_popup = new JPopupMenu();
    m_action = new AbstractAction() { 
      public void actionPerformed(ActionEvent e) {
        if (m_clickedPath==null)
          return;
        if (m_tree.isExpanded(m_clickedPath))
          m_tree.collapsePath(m_clickedPath);
        else
          m_tree.expandPath(m_clickedPath);
      }
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    };
    m_popup.add(m_action);
    m_popup.addSeparator();

    Action a1 = new AbstractAction("Delete") { 
      public void actionPerformed(ActionEvent e) {
        m_tree.repaint();
        JOptionPane.showMessageDialog(FileTree2.this, 
          "Delete option is not implemented",
          "Info", JOptionPane.INFORMATION_MESSAGE);
      }
    };
    m_popup.add(a1);

    Action a2 = new AbstractAction("Rename") { 
      public void actionPerformed(ActionEvent e) {
        m_tree.repaint();
        JOptionPane.showMessageDialog(FileTree2.this,
          "Rename option is not implemented",
          "Info", JOptionPane.INFORMATION_MESSAGE);
      }
    };
    m_popup.add(a2);
    m_tree.add(m_popup);
    m_tree.addMouseListener(new PopupTrigger());

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  // Unchanged code from section 17.3

  class PopupTrigger extends MouseAdapter {
    public void mouseReleased(MouseEvent e) {
      if (e.isPopupTrigger()) {
        int x = e.getX();
        int y = e.getY();
        TreePath path = m_tree.getPathForLocation(x, y);
        if (path != null) {
          if (m_tree.isExpanded(path))
            m_action.putValue(Action.NAME, "Collapse");
          else
            m_action.putValue(Action.NAME, "Expand");
          m_popup.show(m_tree, x, y);
          m_clickedPath = path;
        }
      }
    }
  }

  public static void main(String argv[]) {
    new FileTree2();
  }
}

// Unchanged code from section 17.3
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Understanding the Code

Class FileTree2

This example adds three new instance variables:

JPopupMenu m_popup: popup menu component

Action m_action: context sensitivemenu action.

TreePath m_clickedPath: most recent tree path corresponding to a mouse click.

New code in the base classconstructorcreatesa popup menu componentand populatesitwith three menu
items:"Expand"," Delete",and "Rename".The lasttwo items intentionally justdisplay an "option is not
implemented"message.Theirtrueimplementationswouldtakeustoofarintofilemanipulationtechniquesfor
this chapter. The first one,onthecontrary,isquitemeaningfulhere.ThecorrespondingactionPerformed()
method usesthe recently clicked path (notnecessary the currently selected path)which hasbeen setby the
PopupTrigger instance (see below).Thispath iscollapsed ifitcurrently expanded,orexpanded itifthis
path is currently collapsed.

Finally thisnewlycreated popup menu isadded to ourtree component.An instance ofourPopupTrigger
class is also attatched to our tree as a mouse listener.

Class FileTree2.PopupTrigger

ThisclassextendsMouseAdapter to triggerthedisplayofourpopup menu.Thismenu should bedisplayed
when therightmousebutton isreleased.So weoverridethemouseReleased() method and check whether
isPopupTrigger() istrue(seeMouseEvent APIdocs).In thiscasewedeterminethecoordinatesofthe
click and retrieve the TreePath corresponding to that coordinate with the getPathForLocation()
method.If a path is not found (i.e. the click does not occur on a tree node or leaf) we donothing.Otherwisewe
adjustthetitleofthefirstmenuitem accordingly,displayourpopupmenuwiththeshow() method,andstore
ourrecently clicked path in them_clickedPath instancevariable(foruseby theexpand/collapseAction
as discussed above).

Running the Code

Figure 17.4 showsourdirectoriestree application displaying a contextsensitive popup menu.Note how the
firstmenu item ischanged depending on whethertheselected treenodeiscollapsed orexpanded.Also note
thatthe tree can be manipulated (expanded orcollapsed)programmatically by choosing the“Collapse” or
“Expand” popup menu item.

UI Guideline : Visually re-inforcing variations in behaviour

Ifyou intend tointroducecontextdependantpop-upmenusontreecells,thenthisisanidealtimetoconsidertheuse
of a tree cell renderer which incorporates anicon. Thedifferingiconshelptore-inforcetheideathatthedataon
the cellisofdifferenttypesand consequently when the behaviourisslightly differentacrossnodes,itisless
surprising.The icon visually re-inforces the difference in behaviour.

17.5 Directories tree: part III - tooltips
Aswediscussed in chapter5,tooltipsarecommonly used to display helpfulinformation.In thisexamplewe
willshow how to use tooltips specific to each tree cell.The key point(which is mentioned in theJTree
documentation,butcan be easily overlooked)isto registerthe tree componentwith theToolTipManager
instance:
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  ToolTipManager.sharedInstance().registerComponent(myTree);

W ithoutdoing this,no tooltipswillappearoverourtree(referback to chapter2,section 2.5,for moreabout
shared instances and service classes).

The JTree component overrides the getToolTipText(MouseEvent ev) method inherited from
JComponent, and delegates this call to the tree's cell renderer component. By implementing the
getToolTipText(MouseEvent ev) method in our renderer we can allow cell-specific tooltips.
Specifically,we can can return the tooltip textas a String depending on the lastnode passed to the
getTreeCellRendererComponent() method.Alternatively wecan subclassourJTree componentand
provide our own getToolTipText() implementation. W e use the latter method here.

Figure 17.5 JTree w ith node-specific tooltips.

<<file figure17-5.gif>>

The Code: FileTree2.java
see\Chapter17\4

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.tree.*;
import javax.swing.event.*;

public class FileTree3 extends JFrame 
{
  // Unchanged code from section 17.4

public FileTree3() {
super("Directories Tree [Tool Tips]");
setSize(400, 300);
getContentPane().setLayout(new BorderLayout());

    // Unchanged code
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m_model = new DefaultTreeModel(top);
m_tree = new JTree(m_model)
{

public String getToolTipText(MouseEvent ev) 
{

if(ev == null)
return null;

TreePath path = m_tree.getPathForLocation(ev.getX(), 
ev.getY());

if (path != null)
{

FileNode fnode = getFileNode(getTreeNode(path));
if (fnode==null)

return null;
File f = fnode.getFile();
return (f==null ? null : f.getPath());

}
return null;

}
};
ToolTipManager.sharedInstance().registerComponent(m_tree);

  // The rest of the code is unchanged

Understanding the Code

Class FileTree3

Thisexampleanonymously subclassestheJTree componentto overridegetToolTipText(MouseEvent
ev),which findsthepath closestto thecurrentmouselocation,determinestheFileNode attheend ofthat
path,and returnsthefullfilepath to thatnodeasaString foruseastooltip text.Also notethatourJTree
componentismanually registered with the shared instance of ToolTipManager, as discussed above.

Running the Code

Figure17.5 showsourdirectoriestreeapplication displaying atooltip with textspecifying thefullpath ofthe
directory corresponding to the node nearest to the current mouse location.

UI Guideline : Tooltips as an aid to selection

Tooltips have two really useful advantages for tree cells. Trees have a habit of wandering off totherighthandsideof
a display,particularly in deep hierarchies.This may resultin celllabels being clipped.Using the tooltip to
display the full length cell label, will speed selection and prevent the need for scrolling.

The second use is shown clearly in this example.The tooltip is used to unravelthe hierarchy.This would be
particularlyusefulwhentheoriginalrootnodeisoffscreen.TheUsercanseequickly,thefullhierarchicalpath
to theselectedcell. Thisisaverypowerfulaidtocorrectselection.Anotherexampleofadditionalcodingeffort
providing improved usability.

17.6 JTree and XM L documents
M any see the future ofthe web in XM L™ (Extensible M arkup Language).This standard willmostlikely
replaceHTM L.UnlikeHTM L,XM L allowsthedefinition ofcustom documenttags,allowing thetransmition
ofvirtually any type ofinformation overthe web.M any sources ofinformation aboutXM L are available,
including the standard definition at http://www.w3.org/TR/W D-xml-lang-970331.html.

XM L documentshaveatree-likestructure,andJTree can bevery usefulforconstructing an XM L structure
browser.Inthissectionwe'llshow how tobuildasimpleimplementation ofsuch abrowser.W edo notintend
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to givean introduction to XM L,and wewillnotdiscussSun'sAPIforXM L in detail(which containsafair
numberofclassesand islikelyto changesignificantlyin thenearfuture).However,abriefintroduction to the
XM L classes used in this example is appropriate. 

Note: Sun’s early access XM L library is required to run this example. See http://www.javasoft.com/.

17.6.1 XmlDocument

class com.sun.xml.tree.XmlDocument

This class represents a top level XM L 1.0 document created with the XM L parser built into
XmlDocumentBuilder. The getDocumentElement() method retrieves the top-most node in the
document (i.e. the root node). All other nodes can be extracted through this node.

17.6.2 XmlDocumentBuilder

class com.sun.xml.tree.XmlDocumentBuilder

This class builds an XM L document using an internal parser. Two overloaded methods,
createXmlDocument(InputStream in) and createXmlDocument(String documentURL),
create new XmlDocument instances. (W e will use the latter method in this example.)

17.6.3 DataNode

class com.sun.xml.tree.DataNode

This class represents a node in an XM L document tree thatencapsulatesdataandhasnochildnodes(i.e.aleaf
node). M ethod getData() retrieves the contained data as a String.

17.6.4 ElementNode

class com.sun.xml.tree.ElementNode

Thisclassencapsulatesan elementin theXM L documenttree,which isanodewith children (i.e.anon-leaf
node).ThegetLength() method retrievesthenumberofchild nodes,anditem(int index) returnsthe
node with the given index.
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Figure 17.6 An XM L docum ent structure tree.

<<file figure17-6.gif>>

The Code: Xm lTree.java
see\Chapter17\5

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.net.*;

import javax.swing.*;
import javax.swing.tree.*;
import javax.swing.event.*;

import com.sun.xml.tree.*;
import com.sun.xml.parser.*;
import org.w3c.dom.*;

public class XmlTree extends JFrame 
{
  protected JTree  m_tree;
  protected DefaultTreeModel m_model;
  protected JTextField m_location;

  public XmlTree() {
    super("XML Tree");
    setSize(400, 300);

    m_location = new JTextField();
    m_location.setText("samples\\book-order.xml");
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        readXml(m_location.getText());
      }
    };
    m_location.addActionListener(lst);
    getContentPane().add(m_location, BorderLayout.NORTH);

    DefaultMutableTreeNode top = new DefaultMutableTreeNode(
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      "Empty");
    m_model = new DefaultTreeModel(top);
    m_tree = new JTree(m_model);

    m_tree.getSelectionModel().setSelectionMode(
      TreeSelectionModel.SINGLE_TREE_SELECTION);
    m_tree.setShowsRootHandles(true); 
      m_tree.setEditable(false);

    JScrollPane s = new JScrollPane();
    s.getViewport().add(m_tree);
    getContentPane().add(s, BorderLayout.CENTER);

    WindowListener wndCloser = new WindowAdapter() {
    public void windowClosing(WindowEvent e) {

        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  public void readXml(String sUrl) {
    setCursor(Cursor.getPredefinedCursor(Cursor.WAIT_CURSOR));
   Thread runner = new Thread() {

      public void run () {
        try {
          URL source;
          try {
            File f = new File(sUrl);
            source = f.toURL();
          }
          catch (Exception ex) {
            source = new URL(sUrl);
          }

          XmlDocument doc =
            XmlDocumentBuilder.createXmlDocument(
          source.toString());

          ElementNode root = 
            (ElementNode)doc.getDocumentElement();
          root.normalize();

          DefaultMutableTreeNode top = createTreeNode(root);
          m_model.setRoot(top);
          m_tree.treeDidChange();
        }
        catch (Exception ex) {
          ex.printStackTrace();
          JOptionPane.showMessageDialog(this, 
            ex.toString(), "Warning", 
            JOptionPane.WARNING_MESSAGE);
        }
        setCursor(Cursor.getPredefinedCursor(
          Cursor.DEFAULT_CURSOR));
      }
    }
  }

  protected DefaultMutableTreeNode createTreeNode(ElementNode root) {
    DefaultMutableTreeNode node = new DefaultMutableTreeNode(
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      root.getNodeName());
    for (int k=0; k<root.getLength(); k++) {
      Node nd = root.item(k);
      if (nd instanceof DataNode) {
        DataNode dn = (DataNode)nd;
        String data = dn.getData().trim();
        if (data.equals("\n") || data.equals("\r\n"))
          data = "";
        if (data.length() > 0)
          node.add(new DefaultMutableTreeNode(data));
      }
      else if (nd instanceof ElementNode) {
        ElementNode en = (ElementNode)nd;
        node.add(createTreeNode(en));
      }
    }
    return node;
  }

  public static void main(String argv[]) {
    new XmlTree();
  }
}

Understanding the Code

Class XmlTree

Instancevariables:

JTree m_tree: used to display an XM L document.

DefaultTreeM odelm_model: used to store the content of an XM L document.

JTextField m_location: used for entry of a file name or URL location of an XM L document.

Initially the JTree componentreceives a single node,"Empty".An ActionListener is added to the
m_location text field which calls our readXml() method passing it the current text.

The readXml() method loadsan XM L document,corresponding to theString passed asparameter,into
ourtree model.The body ofthismethod isplaced in a separate thread because itcan be a very expensive
procedure, and we want to make sure not to clog up the event dispatching thread (to retain GUI
responsiveness).Firstthegiven string istreated asafilename.A File instanceiscreated and converted to a
URL.If this does not succeed, the string is treated as a URL address:

          URL source;
          try {
            File f = new File(sUrl);
            source = f.toURL();
          }
          catch (Exception ex) {
            source = new URL(sUrl);
          }

The static method XmlDocumentBuilder.createXmlDocument() creates an XmlDocument
correspondingtotheresultingURL.Assoonasthisfinishes(whichmaytakeawhileforlargedocuments),the
rootElementNode is retrieved from that document:

          XmlDocument doc =
            XmlDocumentBuilder.createXmlDocument(
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          source.toString());

          ElementNode root = 
            (ElementNode)doc.getDocumentElement();
          root.normalize();

W e then transform ourXM L documentinto a structuresuitable foraddition to ourSwing tree model.Our
createTreeNode() method does this job, returning the top-most node (the root node) as a
DefaultMutableTreeNode.Finallythatnodeissetasarootofourtreemodel,and ourtreecomponentis
notified that it's content has changed:

          DefaultMutableTreeNode top = createTreeNode(root);
          m_model.setRoot(top);
          m_tree.treeDidChange();

Note: Normallywe are expected to avoid calling the treeDidChange() method directly, asitshouldbecalledby
our UI as needed. However, in this case our JTree will not update correctlywithout it.

The createTreeNode() method creates a DefaultMutableTreeNode from an ElementNode
provided.First it creates a rootnodecorrespondingtothegivenElementNode,andthenalllowerlevelnodes
are retrieved and processed in turn to populate the whole tree:

    DefaultMutableTreeNode node = new DefaultMutableTreeNode(
      root.getNodeName());
    for (int k=0; k<root.getLength(); k++) {
      Node nd = root.item(k);

Twopossibilitiesarereconciledduringthisprocedure.IfanewlyprocessednodeisaninstanceofDataNode,
itstextisretrieved and isused astheuserdataobjectforanew DefaultMutableTreeNode which isthen
added to theparentnode(in thiscasecareshould betaken to avoid empty nodescontaining only end-of-line
symbols). Otherwise, if a newly processed node is an instance of ElementNode, method
createTreeNode() is called recursively.

Running the Code

Figure17.6 showsourXM L Treeexampledisplaying thecontentsof"TheTwo Gentlemen ofVerona"XM L
document which can be found at ftp://sunsite.unc.edu/pub/sun-info/standards/xml/eg/.

17.7 Custom editors and renderers
In thissection we'llconstructasimplefamily treeapplication.W ewillshow how to useacustom celleditor
fornameentry,aswellasacustom cellrendererwhich displaysan icon corresponding to anode’sdatarather
than its state. This example allows dynamic node insertion, and each node can have no more than two children.

Ourrepresentationofanancestortreeisstructureddifferentlythanhow wenormallythinkofstructuringtrees,
even though,technically speaking,both methodsare equivalent.Ourroottree node representsa child,and
child tree nodesrepresentparents,grandparents,etc.,ofthatchild.So a parentnode in thisJTree actually
correspondstoachildinthefamilyancestry.ThisillustratesthatJTree isflexibleenoughtoallow adaptation
to any type of heirarchicaldata set,including a dynamically changing one (as we also saw in our file
directories tree examples above).
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Figure 17.7 JTree w ith custom  editor and cell renderer enforcing nodes w ith tw o children.

<<file figure17-7.gif>>

The Code: AncestorTree.java
see\Chapter17\6

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.tree.*;

public class AncestorTree extends JFrame
{
  public static ImageIcon ICON_SELF = 
    new ImageIcon("myself.gif");
  public static ImageIcon ICON_MALE = 
    new ImageIcon("male.gif");
  public static ImageIcon ICON_FEMALE = 
    new ImageIcon("female.gif");

  protected JTree  m_tree;
  protected DefaultTreeModel m_model;
  protected IconCellRenderer m_renderer;
  protected IconCellEditor m_editor;

  public AncestorTree() {
    super("Ancestor Tree");
    setSize(500, 400);

    DefaultMutableTreeNode top = new DefaultMutableTreeNode(
      new IconData(ICON_SELF, "Myself"));
    addAncestors(top);

 m_model = new DefaultTreeModel(top);
    m_tree = new JTree(m_model);
    m_tree.getSelectionModel().setSelectionMode(
      TreeSelectionModel.SINGLE_TREE_SELECTION);
    m_tree.setShowsRootHandles(true); 
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    m_tree.setEditable(true);

    m_renderer = new IconCellRenderer();
    m_tree.setCellRenderer(m_renderer); 
    m_editor = new IconCellEditor(m_tree);
    m_tree.setCellEditor(m_editor);
    m_tree.setInvokesStopCellEditing(true);

    m_tree.addMouseListener(new TreeExpander()); 

    JScrollPane s = new JScrollPane();
    s.getViewport().add(m_tree);
    getContentPane().add(s, BorderLayout.CENTER);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  public boolean addAncestors(DefaultMutableTreeNode node) {
    if (node.getChildCount() > 0)
      return false;

    Object obj = node.getUserObject();
    if (obj == null)
      return false;
    node.add(new DefaultMutableTreeNode( new IconData(
      ICON_MALE, "Father of: "+obj.toString()) ));
    node.add(new DefaultMutableTreeNode( new IconData(
      ICON_FEMALE, "Mother of: "+obj.toString()) ));
    return true;
  }

  public static void main(String argv[]) { new AncestorTree(); }

  class TreeExpander extends MouseAdapter 
  {
    public void mouseClicked(MouseEvent e) {
      if (e.getClickCount() == 2) {
        TreePath selPath = m_tree.getPathForLocation(
          e.getX(), e.getY());

     if (selPath == null)
          return;
        DefaultMutableTreeNode node = 
          (DefaultMutableTreeNode)(selPath.
             getLastPathComponent());
        if (node!=null && addAncestors(node)) {
          m_tree.expandPath(selPath);

     m_tree.repaint();
        }
      }
    }
  }
}

// Classes IconCellRenderer and IconData are
// unchanged from previous examples, and are 
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// not listed here to conserve space.

class IconCellEditor extends JLabel 
 implements TreeCellEditor, ActionListener
{
  protected JTree m_tree = null;
  protected JTextField m_editor = null;
  protected IconData m_item = null;
  protected int m_lastRow = -1;
  protected long m_lastClick = 0;
  protected Vector m_listeners = null;

  public IconCellEditor(JTree tree) {
    super();
    m_tree = tree;
    m_listeners = new Vector();
  }

  public Component getTreeCellEditorComponent(JTree tree, 
   Object value, boolean isSelected, boolean expanded, 
   boolean leaf, int row)
  {
    if (value instanceof DefaultMutableTreeNode) {
      DefaultMutableTreeNode node = 
        (DefaultMutableTreeNode)value;
      Object obj = node.getUserObject();
      if (obj instanceof IconData) {
        IconData idata = (IconData)obj;
        m_item = idata;
        // Reserve some more space...
        setText(idata.toString()+"     "); 
        setIcon(idata.m_icon);
        setFont(tree.getFont());
        return this;
      }
    }
    // We don't support other objects...
    return null;
  }

  public Object getCellEditorValue() { 
    if (m_item != null && m_editor != null)
      m_item.m_data = m_editor.getText();
    return m_item; 
  }

  public boolean isCellEditable(EventObject evt) { 
    if (evt instanceof MouseEvent) {
      MouseEvent mEvt = (MouseEvent)evt;
      if (mEvt.getClickCount() == 1) {
        int row = m_tree.getRowForLocation(mEvt.getX(), mEvt.getY());
        if (row != m_lastRow) {
          m_lastRow = row;
          m_lastClick = System.currentTimeMillis();
          return false;
        }
        else if (System.currentTimeMillis()-m_lastClick > 1000)
        {
          m_lastRow = -1;
          m_lastClick = 0;
          prepareEditor();
          mEvt.consume();
          return true;
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        }
        else
          return false; 
      }
    }

  return false; 
  }

  protected void prepareEditor() {
    if (m_item == null)
      return;
    String str = m_item.toString();

    m_editor = new JTextField(str);
    m_editor.addActionListener(this);
    m_editor.selectAll();
    m_editor.setFont(m_tree.getFont());

    add(m_editor);
    revalidate();

    TreePath path = m_tree.getPathForRow(m_lastRow);
    m_tree.startEditingAtPath(path);
  }

  protected void removeEditor() {
    if (m_editor != null) {
      remove(m_editor);
      m_editor.setVisible(false);
      m_editor = null;
      m_item = null;
    }
  }

  public void doLayout() {
    super.doLayout();
    if (m_editor != null) {
      int offset = getIconTextGap();
      if (getIcon() != null)
        offset += getIcon().getIconWidth();
      Dimension cSize = getSize();
      m_editor.setBounds(offset, 0, cSize.width - offset,
        cSize.height);
    }
  }

  public boolean shouldSelectCell(EventObject evt) { return true; }

  public boolean stopCellEditing() {
    if (m_item != null)
      m_item.m_data = m_editor.getText();

    ChangeEvent e = new ChangeEvent(this);
    for (int k=0; k<m_listeners.size(); k++) {
      CellEditorListener l = (CellEditorListener)m_listeners.
        elementAt(k);
      l.editingStopped(e);

 }
    removeEditor();
    return true; 
  }

  public void cancelCellEditing() {
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    ChangeEvent e = new ChangeEvent(this);
    for (int k=0; k<m_listeners.size(); k++) {
      CellEditorListener l = (CellEditorListener)m_listeners.
        elementAt(k);
      l.editingCanceled(e);
    }
    removeEditor();
  }

  public void addCellEditorListener(CellEditorListener l) {
    m_listeners.addElement(l);
  }

  public void removeCellEditorListener(CellEditorListener l) {
    m_listeners.removeElement(l);
  }

  public void actionPerformed(ActionEvent e) {
    stopCellEditing();
    m_tree.stopEditing();
  }
}

Understanding the Code

Class AncestorTree

ClassAncestorTree declaresand createsthreestaticimagesrepresenting maleand femaleancestors,and a
root (representing a child whose ancestry is being represented). 

Instancevariables:

JTree  m_tree: ancestors tree component.

DefaultTreeModel m_model: ancestor tree data model.

IconCellRenderer m_renderer: ancestor tree cell renderer.

IconCellEditor m_editor: ancestor tree cell editor.

The AncestorTree constructorissimilarto theTree1 constructorfrom section 17.2.However,there are
some important differences:

addAncestors() method (see below) is called to create initial child nodes.

The editable property is set to true.

Instancesofourcustom IconCellRenderer and IconCellEditor classesare setasthe rendererand
editor for m_tree, respectively.

An instance of our custom TreeExpander class is attached as a MouseListener to our m_tree.

TheaddAncestors() method addsmaleand femaleancestorsto agiven nodeaschild nodes(representing
parentsinanancestry),ifthishasn'tbeendonealready.InstancesofIconData (whichhold acombinationof
iconsand text,seepreviousexamples)areadded asuserobjectsforanewly created node.Theinitialtextof
eachIconData object is assigned as "Father of: <node text>" and " M other of: <node text>",and appropriate
icons are used to distinguish between women and men.

Class AncestorTree.TreeExpander

TheTreeExpander innerclassextendsMouseAdapter and isused to insertancestornodeswhen adouble
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click occurs on a node. The most significant aspect of this listener is the call to the
JTree.getPathForLocation() method,which retrievesthecurrentlyselected treepath and allowsusto
determine the selected node.The addAncestors() method is then called on thatnode,and ourtree is
repainted to show the newly added nodes (if any).

Class IconCellRenderer and class IconData

ClassIconCellRenderer,aswellasclassIconData,haverecieved no changesfrom section 17.3.Refer
back to this section for more information about their inner workings.

Class IconCellEditor

This class implements the TreeCellEditor and ActionListener interfaces, and creates a
JTextField foreditinganode'stextin-place.Thiseditorisdesigned in such awaythatacellicon remains
in unchanged and in the same location whether in editing mode or not. ThisexplainswhyIconCellEditor
extendsJLabel,and notJTextField aswemightexpect.The underlying JLabel componentisused to
renderthe icon and reserve any ecessary space.The JTextField componentis created dynamically and
placed above the JLabel's textportion to perform the actualediting.Note thattheJLabel serves as a
Container for the JTextField component (recall that all Swing components extend the
java.awt.Container class).

Note:Swing's defaulteditorDefaultTreeCellEditor is used similarly,butin a more complex manner.It
takesaDefaultTreeCellRenderer asparameterand usesitto determinethesizeofanode'sicon.Then
itusesacustom innerclassasacontainerwhich renderstheicon and positionsthetextfield.Formoredetails
seeDefaultTreeCellEditor.java.

Instancevariables:

JTree m_tree: reference to the parent tree component (must be passed to constructor).

JTextField m_editor: editing component.

IconData m_item: data object to be edited (we limit ourselves to IconData instances).

int m_lastRow: tree row where the most recent mouse click occured.

long m_lastClick: time (in ms) that the last mouse click occurred.

Vector m_listeners:collectionofCellEditorListeners,which wemustmanageaccording to the
TreeCellEditor interface.

ThegetTreeCellEditorComponent() method willbecalled to initializeanew dataobjectintheeditor
before we begin editing a node.(Note thatthe userobjectfrom the selected node mustbe an instance of
IconData,or editing is notallowed.)The icon and textfrom the IconData objectare assigned using
inheritedJLabel functionality. A few spaces are intentionally appended totheendofthetexttoprovidesome
white space between the icon and the editing area (a very simply way to accomplish this).

ThegetCellEditorValue() method returnsthecurrentvalueoftheeditorasanObject.In ourcasewe
returnm_item, adjusting its m_data to m_editor's text:

      if (m_item != null && m_editor != null)
        m_item.m_data = m_editor.getText();
      return m_item; 

M ethod isCellEditable() iscalled to determinewhetheran editorshould enterediting mode.Ittakesan
EventObject asparameter.In thisway,we can use any useractivity resulting in an eventasa signalfor
editing,e.g.doublemouseclick,specifickeypresscombination,etc.W e’veimplemented thismethod to start
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editing mode when two singlemouseclicksoccuron acellseparated byno lessthan 1 second (1000 ms).To
do this we first filter only single mouse click events:

      if (evt instanceof MouseEvent) {
        MouseEvent mEvt = (MouseEvent)evt;
        if (mEvt.getClickCount() == 1) {

Fortheseeventswedeterminethetree'srow thatwasclickedandstoreitinourm_lastRow instancevariable.
Thecurrentsystem timeisalso saved in them_lastClick instancevariable.Ifanotherclick occurson the
samecellafter1000 ms,ourcustom prepareEditor() method iscalled to prepare the editorforediting,
and returns true. Otherwise false is returned. 

M ethodshouldSelectCell()alwaysreturnstrue toindicatethatacell'scontentshouldbeselectedatthe
beginning of editing.

M ethod stopCellEditing() iscalled to stop editing and store the resultofthe edit.W e simply change
m_data in the m_item object to m_editor's text. 

      if (m_item != null)
        m_item.m_data = m_editor.getText();

The m_item objectalso has a reference to our tree's model,so itwillaffectour tree directly.Thus all
registered CellEditorListeners are notified in turn by calling their editingStopped() method.
Finally the editing process is terminated by calling our custom removeEditor() method.

ThecancelCellEditing() method is called to stop editing without storingtheresultoftheedit.Similarto
stopCellEditing(), all registered CellEditorListeners are notified in turn by calling their
editingCanceled(), and the editing process is terminated by calling removeEditor().

Two methods,addCellEditorListener() and removeCellEditorListener(),add and remove
listeners to/from our m_listeners vector.

TheprepareEditor() methodactuallystartstheeditingprocess.ItcreatesaJTextField componentand
sets its initial text to that of the m_item object:

      m_editor = new JTextField(str);
      m_editor.addActionListener(this);
      m_editor.selectAll();
      m_editor.setFont(m_tree.getFont());

      add(m_editor);
      revalidate();

An ActionListener isadded to thetextfield to enabletheabilityto stop editing when theuserpressesthe
"Enter" key (recallthatthisclassimplementsActionListener,so we provide a this reference forthe
listener).The mostimportantaspectofthis method is the factthata JTextField is added to ourbase
component,and the overridden doLayout() method is invoked indirectly (through revalidate()) to
assign the correctsize and position to oureditorcomponent.Finally,the base tree isnotified bycalling our
startEditingAtPath() method, to allow editing.

The removeEditor() method iscalled to quittheediting process.Itremovesthe editing componentfrom
the container, hides and destroys it (dereferences it to allow garbage collection):

  remove(m_editor);
          m_editor.setVisible(false);
          m_editor = null;
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          m_item = null;

M ethod doLayout() overrides Component.doLayout() to setthe correctsize and location for the
editing component.

M ethod actionPerformed() willbe called when “Enter” is pressed during editing.Itdirectly calls our
stopCellEditing() implementation, and notifies our tree by calling stopEditing().

Running the Code

Perform asingleclick on atreecell,waitaboutasecond,then click itagain toenterediting mode.Notethat
there is no limit to how far back wecangowiththisancestortree,andallnodescanhaveeithernochildren,or
two children (representing the parents ofthe individualrepresented by thatnode).Try creating yourown
ancestortree asfarback asyou can go (ifyou end with monkey orgorilla please contactus).Figure 17.7
shows the ancestor tree of Prince W illiam of W ales, the oldest son of the heir of the British monarchy.

UI Guideline : Fam ily Trees and Organisation Charts

Thefamilytreegivenhereisusedasanexampleonly.Thereisstillconsiderabledebatein theUIDesign field asto
whetherTreecomponentisappropriatefordisplaying and manipulating such data.Generally,Family Treesor
Organisation Charts are displayed using a top-down (horizontal orientation), evenly distributed graph.
Therefore, the Tree component view with its Left-Right (vertical orientation) is alien for this type of data.

IfyourUsercommunity isparticularly technicalthen you should have no difficulties,however,considercarefully
before selecting tree component for a wider user group, in this instance.

You may also like to considerthatsuch a tree componentcould be used a prototype or"proofofconcept".You
could laterreplacethe Treecomponentwith an OrganisationChartcomponent(forexample)which re-usesthe
sameTableM odelinterface.Thustheactualdomaindataandmodelclasseswouldnotneedto bechanged.The
ability to do this, demonstrates the power of the Swing M VC architecture.

Chapter 18. Tables
In this chapter:

• JTable

• Stocks Table: part I- Basic JTable example

• Stocks Table: part II- Custom renderers

• Stocks Table: part III- Data formatting

• Stocks Table: part IV - Sorting columns

• Stocks Table: part V - JDBC

• Stocks Table: part VI- Column addition and removal

• Expense report application

• JavaBeans property editor
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18.1 JTable
JTable isextremely usefulforthe display,navigation,and editing oftabulardata.Because ofitscomplex
nature,JTable has a whole package devoted just to it: javax.swing.table. This packageconsistsofaset
ofclassesand interfaceswhich we willreview briefly here.In the examplesthatfollow,we construct--in a
step-wise fashion--a table-based application used to display stock marketdata.(In chapters 22 and 26 we
enhance this application further to allow printing and print preview, as well as CORBA client-server
interaction.)This chapterconcludes with an expense reportapplication demonstrating the use ofdifferent
componentsastablecell editorsandrenderers,andthecompletionoftheJavaBeanspropertyeditorwestarted
to build in chapter 4.

18.1.1 JTable

class javax.swing.JTable

This class represents Swing’s table component and provides a rich API for managing its behavior and
appearance. JTable directly extends JComponent and implements the TableModelListener,
TableColumnModelListener, ListSelectionListener, CellEditorListener, and the
Scrollable interfaces(itismeantto be placed in aJScrollPane).Each JTable hasthree models:a
TableModel, TableColumnModel, and ListSelectionModel. All table data is stored in a
TableModel, normally in a 2-dimensional structure such as a 2D array or a Vector of Vectors.
TableModel implementationsspecify how thisdataisstored,aswellasmanagetheaddition,manipulation,
and retrieval of this data. TableModel also plays a role in dictating whetherornotspecificcellscanbeedited,
aswellasthedatatypeofeach column ofdata.Thelocation ofdatain aJTable’sTableModel doesnot
directly correspond to the location ofthatdata asdisplayed byJTable itself.Thispartiscontrolled atthe
lowest level byTableColumnModel.

A TableColumnModel is designed to maintain instances ofTableColumn,each ofwhich represents a
singlecolumn ofTableModel data.TableColumn istheclassthatisresponsibleformanaging thedisplay
ofacolumnintheactualJTable GUI.Each TableColumn hasan associated cellrenderer,celleditor,table
header,and acellrendererforthetableheader.W hen aJTable isplaced in aJScrollPane these headers
are placed in the scrollpane’s COLUMN_HEADER viewportand can be dragged and resized to reorderand
changethesizeofcolumns.A TableColumn’sheaderrendererisresponsibleforreturningacomponentused
to render the column header, andthecellrendererisresponsibleforreturningacomponentusedtorendereach
cell.Aswith JList and JTree renderers,these renderersalso actas“rubberstamps”API and are notatall
interactive.Thecomponentreturned by thecelleditor,however,iscompletely interactive.Cellrenderersare
instances ofTableCellRenderer and celleditors are instances ofCellEditor.Ifnone are explicitly
assigned,defaultversionswillbe used based on theClass type ofthe corresponding TableModel colmn
data.

TableColumnModel’sjobistomanageallTableColumns,providingcontroloverorder,columnselections,
and margin size. To support several different modes of selection,TableColumnModel maintains a
ListSelectionModel which,as we learned in chapter10,allows single,single-interval,and multiple-
intervalselections.JTable takesthisflexibilityevenfurtherbyprovidingfunctionalityto customizeanyrow,
column, and/or cell-specific selection schemes we can come up with. 

W e can specify one ofseveralresizing policies which dictate how columns reactwhen anothercolumn is
resized, as well as whether or not grid lines between rows and/orcolumnsshouldappear,marginsizesbetween
rowsandcolumns,selectedandunselectedcellforegroundandbackgroundcolors,thehieghtofrows,and the
width of each column on a column-by-column basis. 

W ith tablescometwo new kindsofeventsin Swing:TableModelEvent and TableColumnModelEvent.
RegularJavaeventsapplytoJTable aswell.Forinstance,we can useMouseListeners to processdouble
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mouse clicks. ChangeEvents and ListSelectionEvents are also used for communication in
TableColumnModel.

Note:AlthoughJTable implementsseverallistenerinterfaces,itdoesnotprovideanymethodsto registerlisteners
otherthan those inherited from JComponent.To attach listenersfordetecting any ofthe above eventswe
must first retrieve the appropriate model.

A numberofconstructorsareprovided forbuilding aJTable component.W ecan usethedefaultconstructor
orpassthetable’sdataandcolumnnameseachasaseparateVector.W ecanbuildanemptyJTable witha
specified numberofrowsand columns.W e can also passtable data to the constructorasa two-dimensional
array ofdataObjectsalong with an Object array ofcolumn names.Otherconstructorsallow creation ofa
JTable with specificmodels.In allcases,ifaspecificmodelisnotassigned in theconstructor,JTable will
create default implementations with its protected createDefaultColumnModel(),
createDefaultDataModel(),and createDefaultSelectionModel() methods.Itwilldo thesame
for each TableColumn renderer and editor, as well as its JTableHeader, using
createDefaultEditors(),createDefaultRenderers(), and createDefaultTableHeader().

JTable isone ofthe mostcomplex Swing componentsand keeping track ofitsconstituentsand how they
interactisintially achallenge.Beforewebegin thestep-wiseconstruction ofourstockstableapplication,we
mustmakeourwaythroughallofthesedetails. Theremainderofthissection isdevoted to adiscussion ofthe
classes and interfaces that underlyJTable.

18.1.2 The TableM odel interface

abstract interface javax.swing.table.TableM odel

InstancesofTableModel areresponsibleforstoring atable’sdatain a 2-dimensionalstructuresuch asa 2-
dimensionalarrayoravectorofvectors.A setofmethodsisdeclared forusein retrieving datafrom atable's
cells.ThegetValueAt() method should retrievedatafrom a given row and column index asanObject,
and setValueAt() should assign the provided data object to the specified location (if valid).
getColumnClass() should return the Class describing the data objects stored in the specified column
(used to assign a defaultrendererand editorforthatcolumn),and getColumnName() should return the
String name associated with the specified column (often used for that column’s header). The
getColumnCount() and getRowCount() methodsshould return the numberofcontained columnsand
rows respectively.

Note:The getRowCount() iscalled frequently by JTable fordisplay purposesand should be designed with
efficiency in mind because of this.

TheisCellEditable() method should return true ifthecellatthegiven row and column index can be
edited.ThesetValueAt() method should bedesigned so thatifisCellEditable() returnsfalse,the
object at the given location will not be updated.

ThismodelsupportstheattachmentofTableModelListeners(seebelow)which should benotified about
changes to this model’s data.As expected,methods foradding and removing these listeners are provided,
addTableModelListener() and removeTableModelListener(), and implementations are
responsible for dispatching TableModelEvents to those registered. 

Each JTable usesoneTableModel instancewhich can beassigned/retrieved usingJTable’ssetModel()
andgetModel() methods respectively.
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18.1.3 AbstractTableM odel

abstract class javax.swing.table.AbstractTableM odel

AbstractTableModel is an abstractclass implementing the TableModel interface.Itprovides default
codeforfiringTableModelEventswiththefireTableRowsDeleted(),fireTableCellUpdated(),
and fireTableChanged() methods. It also manages all registered TableModelListeners in an
EventListenerList (see chapter 2). 

ThefindColumn() methodsearchesfortheindex ofacolumn with thegivenString name.Thissearch is
performed in alinearfashion (referred to as“naive” in thedocumentation)and should beoverriden forlarge
tablemodels for more efficient searching.

Threemethods need to be implemented in concretesub-classes:getRowCount(),getColumnCount() and
getValueAt(int row, int column),and we are expected to use thisclassasa base forbuilding our
ownTableModel implementations (rather than DefaultTableModel--see below).

18.1.4 DefaultTableM odel

class javax.swing.tableDefaultTableM odel

DefaultTableModel is the defaultconcrete TableModel implementation used by JTable when no
modelisspecified in the constructor.ItusesaVector ofVectorsto manage itsdata,which isone major
reason why extending AbstractTableModel is often more desirable (because AbstractTableModel
allows complete controlover how data storage and manipulation is implemented).ThisVector can be
assigned with the overloaded setDataVector() method,and retrieved with the getDataVector()
method. Internally, two overloaded, protected convertToVector() methods are used for converting
Object arraysto Vectorswhen inserting rows,columns,orassigning a new dataVector.M ethods for
adding, inserting, removing, and moving columns and rows of data are also provided.

Note:Theposition ofa row orcolumn in the modeldoesnotcorrespond to JTable’sGUIrepresentation ofthat
row orcolumn.Rather,thisrepresentation isperformed instancesofTableColumn which map to specific
modelcolumns.W henaTableColumn ismovedintheGUI,theassociateddatain theTableModel model
stays put, and vice versa (see below).

Along with the TableModelEvent functionality inherited from AbstractTableModel, this class
implements three new event-dispatching methods, each taking a TableModelEvent as parameter:
newDataAvailable(), newRowsAdded(), and rowsRemoved(). The newRowsAdded() method
ensuresthatnew rows(seediscussion ofTableModelEvent below)havethecorrectnumberofcolumnsby
eitherremoving excess elements,orusing null foreach missing cell.Ifnull is passed to any ofthese
methodsthey willconstructand fire a defaultTableModelEvent which assumesthatalltable modeldata
has changed.

18.1.5 TableColumn

class javax.swing.table.TableColumn

TableColumn is the basic building block ofJTable’s visualrepresentation,and provides the main link
betweentheJTable GUIanditsmodel.NotethatTableColumn doesnotextendjava.awt.Component,
and isthusnota component.Rather, itactsmore like a modelthatmaintainsallthe propertiesofa column
displayed in a JTable.An instance of TableColumn represents a specific column of data stored in a
TableModel.TableColumn maintains the index of the TableModel column itrepresents as property
modelIndex.W ecan get/setthisindex with thegetModelIndex() and setModelIndex() methods.It
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is important to remember that the position of a TableColumn graphically in JTable does notatall
correspond to the corresponding TableModel column index.

A TableColumn isrepresented graphically by acolumn headerrenderer,cellrenderer,and optionally acell
editor.The renderers mustbe instances ofTableCellRenderer,and the editormustbe an instance of
TabeCellEditor (see below). A column’s header is rendered by a component stored as the
headerRenderer property.By defaultthisisan instance ofDefaultTableCellRenderer (a JLabel
with a beveled border--see below) and is created with TableColumn’s protected
createDefaultHeaderRenderer() method.Thisrenderersimply rendersthe String returned by the
toString() method ofthe Object referred to by the headerValue property.The headerrendererand
value can be assigned/retrieved with setHeaderRenderer()/getHeaderRenderer() and
setHeaderValue()/getHeaderValue() methods respectively. Often headerValue directly
corresponds to the column name retrived using TableModel’s getColumnName() method. If
headerValue is not explicitly set it defaults to null.

The column cellrenderer and editor also defaultto null,and unless they are explicitly specified using
setCellRenderer() orsetCellEditor(),areautomatically assigned based on theClass typeofthe
data stored in the associated column in the TableModel (retreived using TableModel’s
getColumnClass() method). Explicity specified renderers and editors are referred to ascolumn-based,
whereasthosedetermined bydatatypearereferred to asclass-based (wewilldiscussrenderersand editorsin
more detail below).

Each TableColumn has an identifier property which also defaults null. This property can be
assigned/retrieved using typical set/get accessors, and the getIdentifier() method will return the
headerValue property ifidentifier is null.W hen searching fora TableColumn by name (using
TableColumnModel’s getColumnIndex() method--see below--or JTable’s getColumn() method),
the given Object will be compared, using Object’s equals() method, to each TableColumn
identifier.Since itispossible thatmore than oneTableColumn willuse the same identifier,the
first match is returned as the answer. 

TableColumn maintainspropertiesminWidth,maxWidth,and width.Thefirsttwo specify theminimum
andmaiximum allowablewidthsforcolumnrendering,andthewidth propertystoresthecurrentwidth.Each
can be retrieved and assigned with typical get/set methods: getMinWidth()/setMinWidth(),
getMaxWith()/setMaxWidth(), and getWidth()/setWidth(). minWidth defaults to 15,
maxWidth defaultstoInteger.MAX_VALUE,and width defaultsto75. W hen aJTable isresized itwill
try tomaintain its width, and will never exceeed its maximum or shrink smaller than its minimum.

Note:Allothervisualaspects ofeach column are controlled by eitherJTable orTableColumnModel (see
below).

TableColumn also maintains an isResizable property, specifying whether or not its widthcanbechanged
by the user(thisdoesnotapply to programmatic callstosetWidth()).(W e willdiscussresizing in more
detail below). 

Aninterestingandrarelyusedpropertymaintained byTableColumn,resizedPostingDisabledCount,
isused to enable/disabletheposting ofPropertyChangeEventswhen aTableColumn’swidth changes.
Thisisan int valuethatisincremented on each calltodisableResizedPosting(),and decremented
oneachcalltoenableResizedPosting().Eventswillonlybefiredifthisvalueislessthanorequalto0.
Thelogicbehindthisisthatiftwoseparatesourcesbothdisableresizeeventposting,then two callsshould be
required to re-enable it. 
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BigAlert!AsofJava2FCS theresizedPostingDisabledCount propertyisnotactuallyusedanywhereand
does not play a role in PropertyChangeEvent firing.

TableColumn fires PropertyChangeEvents when any of the width, cellRenderer,
headerRenderer, or headerValue bound properties change. Thus we can add and remove
PropertyChangeListeners to be notified of these changes. The corresponding property names are
COLUMN_WIDTH_PROPERTY, COLUMN_RENDERER_PROPERTY, HEADER_RENDERER_PROPERTY, and
HEADER_VALUE_PROPERTY.

18.1.6 The TableColumnM odel interface

abstract interface javax.swing.table.TableColumnM odel

ThismodelisdesignedtomaintainaJTable’sTableColumns,andprovidescontrolovercolumn selections
and margin size. TableColumnModel controls how JTable displays its TableModel data. The
addColumn() method should append a given TableColumn to the end ofthe structure used to maintain
them (usually aVector),removeColumn() should remove a given TableColumn,and moveColumn()
should change the location of a givenTableColumn within that structure.

Note: W hen creatingaJTable,ifnoTableColumnModel isspecified,onewillautomaticallybeconstructedfor
uscontaining TableColumnsdisplaying TableModel datain thesameorderitappearsin themodel.This
willonly occur of JTable’s autoCreateColumnsFromModel property is settrue,which itis by
default. This is very helpful, but has the often undesirable side-effect of completely rebuilding the
TableColumnModel wheneverTableModel changes.Thusitiscommon to setthisproperty to false
once a JTable has been created or after a new TableModel is assigned.

Unlike the location of a column in TableModel implementations,the index of a TableColumn in a
TableColumnModel’sstorage structure directly correspondsto itsposition in theJTable GUI.Note that
themoveColumn() method is called whenever the user drags a column to a new position.

The getColumnCount() method should return the number of TableColumns currently maintained,
getColumns() should return an Enumeration of allcontained TableColumns,and getColumn()
returnstheTableColumn atthegiven index.ThegetColumnIndex() method should return theindex of
theTableColumn whoseidentifier propertyisequalto (usingObject’sequals() method)thegiven
Object.getColumnIndexAtX() should return the indexoftheTableColumn atthegiven x-corrdinatein
table-space (if getColumnIndexAtX() is passed a coordinate thatmaps to the margin space between
adjacent columns, or any x-coordinate that does not correspond to a table column, it will return -1).
setColumnMargin() and getColumnMargin() should allow assignmentand retrievalofan int value
foruse as the margin space on each side ofeach table column.The getTotalColumnWidth() should
return the sum of the current width of all TableColumns including all margin space.

Note: Themarginsizedoesnotcorrespondtothewidthoftheseparatinggridlinesbetweencolumnsin JTable.In
fact, the width of these lines is always 1, and cannot be changed without customizingJTable’s UI delegate. 

TableColumnModel declares methods for controlling the selection of its TableColumns,and allows
assignmentand retrievalofa ListSelectionModel implementation used to store information aboutthe
currentcolumn selection with the methodssetSelectionModel() and getSelectionModel().The
setColumnSelectionAllowed() method is intended to turn on/offcolumn selection capabilities,and
getColumnSelectionAllowed() should return a boolean specifying whether slection is currently
allowedornot.Forconvenience,JTable’ssetColumnSelectionAllowed() methoddelegatesitstraffic
to the method of the same signature in this interface.
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TableColumnModel also declares support for TableColumnModelListeners (see below).
TableColumnModel implementations are expected to fire a TableColumnModelEvent whenever a
TableColumn is added,removed,ormoved,a ChangeEvent whenevermargin size is changed,and a
ListSelectionEvent whenever a change in column selection occurs.

18.1.7 DefaultTableColumnM odel

class javax.swing.table.DefaultTableColumnM odel

This class is the concrete defaultimplementation ofthe TableColumnModel interface used by JTable
when none isspecifically assigned orprovided atconstruction time.AllTableColumnModel methodsare
implemented as expected (see above),and the following protected methods are provided to fire events:
fireColumnAdded(), fireColumnRemoved(), fireColumnMoved(),
fireColumnSelectionChanged(), and fireColumnMarginChanged(). A valueChanged()
method is provided to listen for columnselectionchangesandfireaListSelectionEvent whennecessary.
And apropertyChanged() method isused to updatethetotalColumnWidth propertywhen thewidth
of a contained TableColumn changes.

18.1.8 The TableCellRenderer interface

abstract interface javax.swing.table.TableCellRenderer

This interface describes the renderer used to display cell data in a TableColumn.EachTableColumn hasan
associated TableCellRender which can be assigned/retrieved with the
setCellRenderer()/getCellRenderer() methods. The getTableCellRendererComponent()
methodisthe onlymethoddeclaredbythisinterface,andisexpectedtoreturnaComponent thatwillbeused
to actually render a cell. It takes the following parameters:

JTable table: the table instance containing the cell to be rendered.

Object value: the value used to represent the data in the given cell.

boolean isSelected: whether or not the given cell is selected.

boolean hasFocus: whether or not the given cell has the focus (true if it was clicked last).

int row: can be used to return a renderer component specific to row or cell.

int column: can be used to return a renderer component specific to column or cell.

W e are expected to customize orvary the returned componentbased on the given parameters.Forinstance,
given a value that is an instance of Color, we might return aspecialJLabel subclassthatpaintsarectangle
inthegivencolor.Thismethodcanbeusedtoreturndifferentrenderercomponentsonacolumn,row,orcell-
specific basis,and is similar to JTree’s TreeCellRenderer getTreeCellRendererComponent()
method.AswithJTree andJList,therenderercomponentreturnedactsasa“rubberstamp”APIusedstrictly
for display purposes.

Note:therow and column parametersreferto thelocation ofdatain theTableModel,notacelllocation in the
TableColumnModel.

W hen JTable’s UIdelegate repaints a certain region ofa table itmustquery thattable to determine the
renderer to use for each cell that it needs to repaint. This is accomplished through JTable’s
getCellRenderer() method which takesrow and column parameters,and returnsthecomponentreturned
by the getTableCellRendererComponent() method of the TableCellRenderer assigned to the
appropriateTableColumn.Ifthereisno specificrendererassigned to thatTableColumn (recallthatthisis
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the case by default),the TableModel’sgetColumnClass() method isused to recursively determine an
appropriaterendererforthegiven datatype.Ifthereisno specificclass-based rendererspecified fora given
class,getColumnClass() searchesforonecorrespondingto thesuper-class.Thisprocesswill,in themost
generic case, stop at Object, for which a DefaultTabelCellRenderer is used (see below). 

A DefaultTreeCellRenderer isalso used iftheclassisoftypeNumber (subclassesareBigDecimal,
BigInteger,Byte,Double,Float,Integer,Long,and Short)orIcon.Ifthe type happensto be a
Boolean, a JCheckBox is used. W e can specify additional class-based renderers with JTable’s
setDefaultRenderer() method.Rememberthatclass-based rendererswillonly be used ifno column-
based renderer has been explicitly assigned to the TableColumn containing the given cell.

18.1.9 DefaultTableCellRenderer

class javax.swing.table.DefaultTableCellRenderer

This is the concrete default implementation of the TableCellRenderer interface.
DefaultTableCellRenderer extends JLabel and is usedasthedefaultclass-basedrendererforNumber,
Icon,and Object data types.Two private Color variables are used to hold selected foreground and
backgroundcolorswhichareusedtorenderthecellifitiseditableandifithasthecurrentfocus.Thesecolors
can be assigned with DefaultTableCellRenderer’s overridden setBackground() and
setForeground() methods.

A protected Border property isused to storetheborderthatisused when thecell doesnothavethecurrent
focus.By defaultthisisan EmptyBorder with top and bottom space of1,and leftand rightspace of2.
UnfortunatelyDefaultTableCellRenderer does not provide a method to change this border.

DefaultTableCellRenderer renders the value object passed as parameter to its
getTableCellRenderer() method by setting its labeltextto the String returned by thatobject’s
toString() method.NotethatalldefaultJLabel attibutesareused in rendering.Also notethatwecan do
anything to this renderer that we can do to a JLabel, such as assign a tooltip or a disabled/enabled state. 

Note:JTable can haveatooltip assigned to itjustasany otherSwing component.However,tooltipsassigned to
renderers take precedence overthatassigned to JTable,and in the case thatboth are used the renderer’s
tooltip text will be displayedwhen the mouse lies over a cell using it.

18.1.10 The TableCellEditor interface

abstract interface javax.swing.table.TableCellEditor

ThisinterfaceextendsCellEditor and describestheeditorused to editcelldatain aTableColumn.Each
TableColumn has an associated TableCellEditor which can be assigned/retrieved with the
setCellEditor()/getCellEditor() methods.The getTableCellEditorComponent() method is
theonlymethod declared bythisinterface,and isexpected to return aComponent thatwillbeused to allow
editing of a cell’s data value.It takes the following parameters:

JTable table: the table instance containing the cell to be rendered.

Object value: the valueused to represent the data in the given cell.

boolean isSelected: whether or not the given cell is selected.

int row: can be used to return a renderer component specific to row or cell.

int column: can be used to return a renderer component specific to column or cell.
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W e are expected to customize orvary the returned componentbased on the given parameters.Forinstance,
given avalue thatisan instanceofColor,wemightreturn aspecialJComboBox which listsseveralcolor
choices. This method can be used to return differenteditorcomponentsonacolumn,row,orcell-specificbasis,
and is similar to JTree’sTreeCellEditor getTreeCellEditorComponent() method.

Note:Therow andcolumn parametersrefertothelocationofdatain theTableModel,notacelllocation in the
TableColumnModel.

Aswithtablecellrenderers,eachTableColumn hasacolumn-basededitorassociatedwithit.Bydefaultthis
editorisnull and can beassigned/retrieved withTableColumn’ssetCellEditor()/getCellEditor()
methods. Unlike renderers, table cell editors are completely interactive and do not simply act as rubber stamps.

TableCellEditor implementationsmustalso implementmethodsdefined in theCellEditor interface:
addCellEditorListener(), removeCellEditorListener(), cancelCellEditing(),
stopCellEditing(),isCellEditable(),shouldSelectCell(),and getCellEditorValue().
The isCellEditable() method is expected to be used in combination with TableModel’s
isCellEditable() method to determine whethera given cellcan be edited.Only in the case thatboth
return true is editing allowed.(See discussion oftheCellEditor interface in section 17.1.13 formore
about each of these methods.)

To initiate cellediting on a given cell,JTable listensformouse pressesand invokesitseditCellAt()
methodinresponse.ThismethodqueriesboththeTableModel andtheappropriatecelleditortodetermineif
the given cell can be edited. If so the editor component is retrieved with
getTableCellEditorComponent() andplacedinthegivencell(its boundsareadjusted so thatitwillfit
within the currentcellbounds).Then JTable adds itself to the editor component(recallthatJTable
implements the CellEditorListener interface) and the samemouse event that sparked the edit gets sent to 
the editor component.Finally the celleditor’s shouldSelectCell() method is invoked to determine
whether the row containing that cell should become selected.

The defaultimplementation ofTableCellEditor is provided as DefaultCellEditor.Unfortunately
DefaultCellEditor isnoteasilyextensibleandweareoftenforcedtoimplementallTableCellEditor
andCellEditor functionality ourselves.

18.1.11 DefaultCellEditor

class javax.swing.DefaultCellEditor

DefaultCellEditor is a concrete implementation of the TableCellEditor interface and also the
TreeCellEditor interface.This editor is designed to return either a JTextField, JComboBox,or
JCheckBox for cell editing. It is used by both JTable and JTree components and is discussed 17.1.15.

18.1.12 The TableM odelListener interface

abstract interface javax.swing.event.TableM odelListener

Thisinterfacedescribesan objectthatlistensto changesin aTableModel.M ethod tableChanged() will
be invoked to notify us of these changes. TableModel’s addTableModelListener() and
removeTableModelListener() methods are used to add and remove TableModelListeners
respectively (they are not added directly to JTable).
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18.1.13 TableM odelEvent

class javax.swing.TableM odelEvent

This event extends EventObject and is used to notify TableModelListeners registered with
TableModel aboutchangesin thatmodel.Thisclassconsistsoffourpropertieseach accessiblewith typical
getmethods:

int column:specifiesthe column affected by the change.TableModelEvent.ALL_COLUMNS isused
to indicate that morethan one column is affected.

int firstRow:specifiesthefirstrow affected.TableModelEvent.HEADER_ROW can beused here to
indicate that the name, type, or order of one or more columns has changed.

int lastRow: the last row affected. This value should always be greater than or equal to firstRow.

int type: the type of change that occured. Can be any of TableModelEvent.INSERT,
TableModelEvent.DELETE,or TableModelEvent.UPDATE.INSERT and DELETE indicate the
insertion and deletion ofrowsrespectively. UPDATE indicatesthatvalueshavechanged butthenumber
of rows and columns has not changed.

As with anyEventObject we can  retrieved the source of a TableModelEvent with getSource().

18.1.14 The TableColumnM odelListener interface

abstract interface javax.swing.event.TableColumnM odelListener

ThisinterfacedescribesanobjectthatlistenstochangesinaTableColumnModel:theadding,removingand
movementofcolumns,as wellas changes in margin size and the currentselection.TableColumnModel
provides methods for adding and removing these listeners:addTableColumnModelListener() and
removeTableColumnModelListener(). (As is the case with TableModelListeners,
TableColumnModelListeners are not directly added to JTable.)

Five methods are declared in this interface and must be defined by all implementations:
columnAdded(TableColumnModelEvent),columnRemoved(TableColumnModelEvent),
columnMoved(TableColumnModelEvent),columnMarginChanged(TableColumnModelEvent),
and columnSelectionChanged(ListSelectionEvent).ListSelectionEvents are forwarded to
TableColumnModel’sListSelectionModel.

18.1.15 TableColumnM odelEvent

class javax.swing.event.TableColumnM odelEvent

ThiseventextendsEventObject and isused to notify TableColumnModel aboutchangesto a range of
columns.Theseeventsarepassed to TableColumnModelListeners.ThefromIndex property specifies
thelowestindex ofthecolmn in theTableColumnModel affectby thechange.ThetoIndex specifiesthe
highest index. Both can be retrieved with typical get accessors. A TableColumnModel fires a
TableColumnModelEvent wheneveracolumnmove,removal,oradditionoccurs.Theeventsourcecan be
retrieved with getSource().

18.1.16 JTableHeader

class javax.swing.table.JTableHeader

ThisGUIcomponent(which lookslikeasetofbuttonsforeach column)isused to display atable’scolumn
headers.By dragging theseheaderstheusercan rearrangeatable’scolumnsdynamically.Thiscomponentis
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used internally by JTable.Itcan be retrieved with JTable’sgetTableHeader() method,and assigned
with setTableHeader().W hen a JTable is placed in a JScrollPane a defaultJTableHeader
corresponding to each column is added to thatscrollpane’s COLUMN_HEADER viewport(see 7.1.3).Each
JTable uses one JTableHeader instance. 

JTableHeader extends JComponent and implements TableColumnModelListener. Though
JTableHeader is a Swing component,itis notused fordisplay purposes.Instead,each TableColumn
maintainsaspecificTableCellRenderer implementation used to representitsheader.Bydefault thisisan
instance of DefaultTableCellRenderer (see 18.1.8). 

Note:Itismore common to customize the headerrendererofa TableColumn than itisto customize a table’s
JTableHeader. In most cases the default headers provided by JTable are satisfactory.

The resizingAllowed property specifies whether or notcolumns can be resized (if this isfalse it
overpowers the isResizable property of each TableColumn). The reorderingAllowed property
specifies whether or not columns can be reordered,and updateTableInRealTime property specifies
whetherornotthewholecolumn isdisplayed along with theheaderasitisdragged (thisin onlyapplicableif
reorderingAllowed is true). All three of these properties are true by default. 

UIGuideline:colum n resizing It isbestto try and isolatecolumnswhich need to befixed width,forexamplethe
display ofmonetary amountswhich mightbe 10 significantfigureswith two decimalplaces.Such a column
requiresafixedwidth.Itdoesn'tneedtobebiggeranditdoesn'twanttobesmaller.Allow theothercolumnsto
vary in size around the fixed columns.

For example in a two column table displaying ProductDescription and Price,fix the size of Price and allow
Description to resize.

UI Guideline : draggable colum ns,added flexibility,added com plexity If you don'tneed the flexibility of
draggabletablecolumnsthenitisbesttoswitchthem off.IfaUseraccidentallypicksup aJHeadercomponent
and re-arranges a table, this could be confusing and upsetting. Theymay not realisewhattheyhavedoneorhow
to restore the table to its original form.

Atanygiventimeduringacolumndragwecan retrievethedistance,in tablecoordinates,thatthecolumn has
been dragged with respectto itsoriginalposition from thedraggedDistance property.JTableHeader
also maintains a reference to the TableColumn itrepresents as wellas the JTable itis partof--the
tableColumn and table properties respectively.

18.1.17 JTable selection

JTable supportstwo selection models:one forrow selectionsand one forcolumn selections.JTable also
supports selection ofindividualtable cells.Column selections are managed by aListSelectionModel
maintained by a TableColumnModel implementation, and row selections are managed by a
ListSelectionModel maintained by JTable itself (both are DefaultListSelectionModels by
default). As we learned in chapter 10, ListSelectionModels support three selection modes:
SINGLE_SELECTION, SINGLE_INTERVAL_SELECTION, and MULTIPLE_INTERVAL_SELECTION.
JTable provides the setSelectionMode() methodswhich willsetboth selection models to the given
mode. Note, however, that getSelectionMode() only returns the current row selection mode.

To assign a specific selection mode to JTable’s row ListSelectionModel:

  myJTable.getSelectionModel().setSelectedMode(
    ListSelectionModel.XX_SELECTION);
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To assign a specific selection mode to JTable’s columnListSelectionModel:

  myJTable.getColumnModel().getSelectionModel().setSelectionMode(
    ListSelectionModel.XX_SELECTION);

Row selectionmodedefaultstoMULTIPLE_INTERVAL_SELECTION,and column selection modedefaultsto
SINGLE_SELECTION_MODE.

JTable providescontroloverwhetherrowsandandcolumnscanbeselected,andwecanquerythesemodes,
and turn them on/off, with getRowSelectionAllow(), getColumnSelectionAllowed(), and
setRowSelectionAllowed(),setColumnSelectionAllowed() respectively.W hen row selection is
enabled (true bydefault)andcellselctionisdisabled(seebelow),clickingonacellwillselecttheentirerow
thatcellbelongsto.Similarly,when column selection isenabled (false by default)the whole column that
cellbelongs to willbe selected.There is nothing stopping us from having both row and column selection
active simultaneously.

JTable also provides control over whether individual cells can be selected with its
cellSelectionEnabled property.W ecan turn thison oroffwithsetCellSelectionEnabled() and
queryitsstateusinggetCellSelectionEnabled().Ifcellselection isenabled (false bydefault),acell
can only be selected if both row selection and column selection are also enabled(seebelow).Ifcellselectionis
notenabled,whenever a row orcolumn containing thatcellis selected (assuming thateitherrow and/or
column selection is enabled), that cell is also considered selected.

JTable providesseveraladditionalmethodsforquerying the state ofselection.Ifthere isatleastone cell
selected:

getSelectedColumn() returns the index (in the TreeModel) of the mostrecentlyselecedcolumn(-1 if
no selection exists).

getSelectedRow() returnsthe index (in theTreeModel)ofthe mostrecently selected row (-1 ifno
selection exists).

getSelectedColumns() and getSelectedRows() return the TreeModel indices ofallcurrently
selected columns and rows respectively (int[0] if no selection exists).

getSelectedColumnCount() and getSelectedRowCount() return the currentnumberofselected
columns and rows respectively (int[0] if no selection exists).

isColumnSelected() and isRowSelected() return aboolean specifying whetherornotthegiven
column or row is currently selected.

isCellSelected() returnsaboolean specifying whetherornotthecellatthegivenTreeModel row
and column index is selected.

The following methods can be used to programatically change JTable’s selection, assuming the
corresponding selection properties are enabled:

clearSelection() unselects all rows, columns and cells.

selectAll() selects all rows, columns, and cells.

addColumnSelectionInterval() and addRowSelectionInterval() allow programmatic
selection of a contiguous group of columns and rows respectively. Note that these can be called repeatedly
tobuildofamultiple-invervalselectioniftheMULTIPLE_INTERVAL_SELECTION modeisactivein the
corresponding selection models.

removeColumnSelectionInterval() and removeRowSelectionInterval() allow
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programmaticde-selection ofacontiguousintervalofcolumnsand rowsrespectively.Thesecan also be
used repeatedly to affect mutliple-interval selections.

setColumnSelectionInterval() and setRowSelectionInterval() clear the currentcolumn
and row selection respectively, and select the specified contiguous interval.

Interestingly, when cell selection is enabled, JTable considersthecolumnsandrowscontainingselectedcells
selected themselves(even though they aren’thighlighted).Forexample,ifcells(1,5)and (3,6)are selected
with row and column selection enabled and cellselection enabled,getSelectedColumns() willreturn
{5,6} and getSelectedRows() willreturn {1,3}.Oddly enough,those two cellswillbe highlighted and
considered selected byJTable,alongwithcells(1,6)and(3,5)!ThisisduetothefactthatJTable basescell
selection solely on whetherornotboth the row and column containing a cellare selected.W hen selected
rows and colum ns intersect, the cells at the intersection points are considered selected.

Ifthesesamecellsareselected when cellselection isdisabled and row and column selection areenabled,all
cellsinrows1and3,andallcellsincolumns5and6willbeconsideredselected.Iftheyareselectedwithcell
selection and only row selection enabled,allcellsin rows1 and 3 willbe considered selected.Similarly,if
thesetwocellsareselected with cellselection and onlycolumn selection enabled,allcellsin columns5 and 6
willbeconsidered selected.Ifcellselection isnotenabled,and row and/orcolumn selection isenabled,acell
will be considered selected if either a column or row containing it is selected.

Note: M ultiple single-cell selections can be made by holding down the CTRL key and using the mouse for selection.

Typicallyweareinterestedindeterminingcell,row,and/orcolumnselectionbasedonamouseclick.JTable
supportsMouseListenersjustasany otherJComponent,and wecan used thegetSelectedColumn()
and getSelectedRow() methods to determine which cell was clicked in MouseListener’s
mouseClicked() method:

  myJTable.addMouseListener(new MouseAdapter() {
    public void mouseClicked(MouseEvent e) {
      // get most recently selected row index
      int row = getSelectedRow();
      // get most recently selected column index
      int column = getSelectedColumn();
      if (row == -1 || column == -1)
        return; // can’t determine selected cell
      else

  // do something cell-specific
    }
  });

Thislistenerisnotveryrobustbecauseitwillonlygiveusacellifboth arow and column haverecentlybeen
selected,which in turn can only occurifboth row selection and column selection is enabled.Thankfully,
JTable provides methods for retrieving a row and column index corresponding to a given Point:
rowAtPoint() and columnAtPoint() (these willreturn -1 ifno row orcolumn isfound respectively).
Since MouseEvent carries a Point specifying the location where the eventoccurred,we can use these
methodsin place ofthe getSelectedRow() and getSelectedColumn() methods.Thisisparticularly
useful when row,column, and/or cell selection is not enabled.

Aswith JList,JTable doesnotdirectlysupportdouble-mouseclick selections.However,aswelearned in
chapter 10,we can capture a double click and determine which cellwas clicked by adding a listenerto
JTable similar to the following:

  myJTable.addMouseListener(new MouseAdapter() {
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    public void mouseClicked(MouseEvent e) {
      if (e.getClickCount() == 2) {
        Point origin = e.getPoint();
        int row = myJTable.rowAtPoint(origin);
        int column = myJTable.columnAtPoint(origin);
        if (row == -1 || column == -1)
          return; // no cell found
        else
          // do something cell-specific
      }
    }
  });

18.1.18 ColumnW idth and Resizing

W hen acolumn’swidth increases,JTable mustdecidehow othercolumnswillreact.Oneormorecolumns
mustshrink.Similarly,whenacolumn’swidth decreases,JTable mustdecidehow othercolumnswillreact
to the newly available amountof space.JTable’s autoResizeMode property can take on any offive
differentvalues that handle these cases differently:

JTable.AUTO_RESIZE_ALL_COLUMNS: All columns gain or lose an equal amount of space
corresponding the width lost or gained by the resizing column.

JTable.AUTO_RESIZE_LAST_COLUMN: The right-most column shrinks or grows in direct
correspondencewith theamountofwidth lostorgained from thecolumn being resized.Allothercolmns
are not affected.

JTable.AUTO_RESIZE_NEXT_COLUMN:Thecolumn to theimmediaterightofthecolumn being resized
shrinks orgrows in directcorrespondence with the amountofwidth lostorgained from the resizing
column. All other colmns are not affected.

JTable.AUTO_RESIZE_OFF:resizingonlyaffectsthecolumnbeingsized.Allcolumnsto therightofthe
column being resized areshifted rightorleftaccordingly whilemaintaining theircurrentsizes.Columns
to the left are not affected.

JTable.AUTO_RESIZE_SUBSEQUENT_COLUMNS:Allcolumnsto the rightofthe column being resized
gain orlose an equalamountofspace corresponding the width lostorgained by the resizing column.
Columns to the left are not affected.

TableColumn’swidth defaultsto 75.Itsminimum width defaultsto 15 and itsmaximum width defaultsto
Integer.MAX_VALUE.W hen aJTable isfirstdisplayed itattemptsto sizeeachTableColumn according
to its width property.If that table’sautoResizeMode propertyissettoAUTO_RESIZE_OFF thiswilloccur
successfully. Otherwise, TableColumns are adjusted according to the current autoResizeMode property.

A TableColumn willneverbe sized largerthan itsmaximum width orsmallerthan itsminimum.Forthis
reason itispossiblethataJTable willoccupy alargerorsmallerareathan thatavailable(i.e.visiblein the
parentJScrollPane’smain viewport),which may resultin partofthe table being clipped from view.Ifa
table is contained in a JScrollPane and itoccupies more than the available visible width,a horizontal
scrollbar will be presented.

AtanytimewecancallTableColumn’ssizeWidthToFit() methodtoresizeacolumntooccupyawidth
corresponding to the preferred width ofitstable header renderer.Thisisoften used in assigning minimum
widths for each TableColumn. JTable’s sizeColumnsToFit() method takes an int parameter
specifying the indexoftheTableColumn toactasthesourceofaresizeinanattempttomakeallcolumnsfit
within the available visible space. Also note thatTableColumnModel’s getTotalColumnWidth()
method will return the sum of the current width of all TableColumns including all margin space.

W ecanspecifytheamountofemptyspacebetweenrowswithJTable’ssetRowMargin() method,andwe
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can assign all rows a specific height with setRowHeight(). JTable’s setIntercellSpacing()
method takesa Dimension instance and usesitto assign a new width and heightto use asmargin space
between cells (this method will redisplaythe table it is invoked on after all sizes have been changed).

18.1.19 JTable Appearance

W e can change the background and foreground colors used to highlight selected cells by setting the
selectedBackground and setSelectedForeground properties. The default colors used for each
TableColumn’stable headerrendererare determined from the currentJTableHeader’sbackground and
foreground colors (recall that JTableHeader extends JComponent).

W e can turn on and offhorizontaland verticalgrid lines(which arealwayshave a thicknessof1 pixel)by
changing the showHorizontalLines and showVerticalLines.properties.The showGrid property
willoverpowerthese propertieswhen setwithsetShowGrid() becauuse thismethod reasignsthem to the
specified value. So setShowGrid() turns on/off both vertical and horizontal lines as specified. The
gridColor propertyspecifiestheColor touseforbothverticalandhorizontalgridlines.setGridColor()
will assign the specified value to this property and then repaint the whole table.

UIGuideline:VisualNoiseGrid Linesadd visualnoiseto thedisplay ofatable.Removing someofthem can aid
thereading ofthetabledata.Ifyou intend thereaderto read rowsacrossthen switch offtheverticalgrid lines.
Ifyou have columns offigures forexample,then you mightpreferto switch offthe horizontalgrid lines,
making the columns easier to read.

W hen switching off the horizontal grid lines on thetable,youmaywishtousethecolumncellrenderertochangethe
background colorofalternate rowson the table to ease the reading ofrows.Using thiscombination ofvisual
techniques,grid linesto distinguish columnsand colourto distinguish rows,helpsguidethereaderto interpret
data as required.

18.1.20 JTable scrolling

JTable implementstheScrollable interface(see7.1.4)and isintended to beplaced in aJScrollPane.
JTableHeaders will not be displayed otherwise,disabling any column resize capabilities.Among the
required Scrollable methods, JTable implements getScrollableTracksViewportWidth() to
return true,which forcesJTable to attemptto size itselfhorizontally to fitwithin the currentscrollpane
viewport width.getScrollableTracksViewportHeight(), however, returns false as it is most
commonfortablestobeverticallyscrolledbutnothorizontallyscrolled.Horizontalscrollingisoftenawkward
and we advise avoiding it whenever possible.

JTable’sverticalblockincrementisthenumberofvisiblerowslessone,anditsverticalunitincrementisthe
currentrow height.The horizontalblock inrementis the width of the viewport,and the horizontalunit
increment defaults to 100.

UIGuideline :sm allgrids,no colum n headersIfyou have a requirementto show two orthree piecesofdata,
grouped and aligned together, consider using a JTablewithoutJScrollPane. Thisgivesyouasmallgridwhichis
already aligned and neat and tidy for displaywithout column headers.

18.2 Stocks Table: part I - Basic JTable example
Thisbasic example showshow to constructaJTable to display information aboutstock marketdata fora
givenday.Despiteofitssimplicity,itdemonstratesthemostfundamentalfeaturesofJTable,and servesasa
good basis for the more advanced examples that follow.



97

Stocksand stock trading ischaracterized by many attributes.The following are selected fordisplay in our
example:

Nam e Type Description
Symbol String Stock’s symbol (NYSE or NASDAQ)
Name String Company name
Last double Price at the end of the trade day
Open double Price at the beginning of the trade day
Change double Absolute change in price with respect to previous closing
Change % double Percent change in price with respect to previous closing
Volume long Day’s volume of trade (in $) for this stock

Each stock attribute represents a column in ourtable,and each row represents a specific company’s stock
information.

Figure 18.1 JTable in a JScrollPane w ith 7 TableColum ns and 16 row s of data.

<<file figure18-1.gif>>

The Code: StocksTable.java
see\Chapter18\1

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.text.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.table.*;

public class StocksTable extends JFrame 
{
  protected JTable m_table;
  protected StockTableData m_data;
  protected JLabel m_title;
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  public StocksTable() {
    super("Stocks Table");
    setSize(600, 340);

    m_data = new StockTableData();

    m_title = new JLabel(m_data.getTitle(), 
      new ImageIcon("money.gif"), SwingConstants.LEFT);
    m_title.setFont(new Font("TimesRoman",Font.BOLD,24));
    m_title.setForeground(Color.black);
    getContentPane().add(m_title, BorderLayout.NORTH);

    m_table = new JTable();
    m_table.setAutoCreateColumnsFromModel(false);
    m_table.setModel(m_data); 

    for (int k = 0; k < StockTableData.m_columns.length; k++) {
      DefaultTableCellRenderer renderer = new 
        DefaultTableCellRenderer();
      renderer.setHorizontalAlignment(
        StockTableData.m_columns[k].m_alignment);
      TableColumn column = new TableColumn(k, 
        StockTableData.m_columns[k].m_width, renderer, null);
      m_table.addColumn(column);
    }

    JTableHeader header = m_table.getTableHeader();
    header.setUpdateTableInRealTime(false);

    JScrollPane ps = new JScrollPane();
    ps.getViewport().add(m_table);
    getContentPane().add(ps, BorderLayout.CENTER);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {

   System.exit(0);
      }
    };
    addWindowListener(wndCloser);
    setVisible(true);
  }

  public static void main(String argv[]) {
    new StocksTable();
  }
}

class StockData
{
  public String m_symbol;
  public String m_name;
  public Double m_last;
  public Double m_open;
  public Double m_change;
  public Double m_changePr;
  public Long m_volume;

  public StockData(String symbol, String name, double last, 
   double open, double change, double changePr, long volume) {
    m_symbol = symbol;

  m_name = name;
    m_last = new Double(last);
    m_open = new Double(open);
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    m_change = new Double(change);
    m_changePr = new Double(changePr);
    m_volume = new Long(volume);
  }
}

class ColumnData
{
  public String  m_title;
  public int     m_width;
  public int     m_alignment;

  public ColumnData(String title, int width, int alignment) {
    m_title = title;
    m_width = width;
    m_alignment = alignment;
  }
}

class StockTableData extends AbstractTableModel 
{
  static final public ColumnData m_columns[] = {
    new ColumnData( "Symbol", 100, JLabel.LEFT ),
    new ColumnData( "Name", 150, JLabel.LEFT ),
    new ColumnData( "Last", 100, JLabel.RIGHT ),
    new ColumnData( "Open", 100, JLabel.RIGHT ),
    new ColumnData( "Change", 100, JLabel.RIGHT ),
    new ColumnData( "Change %", 100, JLabel.RIGHT ),
    new ColumnData( "Volume", 100, JLabel.RIGHT )
  };

  protected SimpleDateFormat m_frm;
  protected Vector m_vector;
  protected Date   m_date;

  public StockTableData() {
    m_frm = new SimpleDateFormat("MM/dd/yyyy");
    m_vector = new Vector();
    setDefaultData();
  }

  public void setDefaultData() {
    try { 
      m_date = m_frm.parse("04/06/1999"); 
    }
    catch (java.text.ParseException ex) { 
      m_date = null; 
    }

    m_vector.removeAllElements();
    m_vector.addElement(new StockData("ORCL", "Oracle Corp.", 
      23.6875, 25.375, -1.6875, -6.42, 24976600));
    m_vector.addElement(new StockData("EGGS", "Egghead.com", 
      17.25, 17.4375, -0.1875, -1.43, 2146400));
    m_vector.addElement(new StockData("T", "AT&T", 
      65.1875, 66, -0.8125, -0.10, 554000));
    m_vector.addElement(new StockData("LU", "Lucent Technology", 
      64.625, 59.9375, 4.6875, 9.65, 29856300));
    m_vector.addElement(new StockData("FON", "Sprint", 
      104.5625, 106.375, -1.8125, -1.82, 1135100));
    m_vector.addElement(new StockData("ENML", "Enamelon Inc.", 
      4.875, 5, -0.125, 0, 35900)); 
    m_vector.addElement(new StockData("CPQ", "Compaq Computers", 
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      30.875, 31.25, -0.375, -2.18, 11853900));
    m_vector.addElement(new StockData("MSFT", "Microsoft Corp.", 
      94.0625, 95.1875, -1.125, -0.92, 19836900));
    m_vector.addElement(new StockData("DELL", "Dell Computers", 
      46.1875, 44.5, 1.6875, 6.24, 47310000));
    m_vector.addElement(new StockData("SUNW", "Sun Microsystems", 
      140.625, 130.9375, 10, 10.625, 17734600));
    m_vector.addElement(new StockData("IBM", "Intl. Bus. Machines", 
      183, 183.125, -0.125, -0.51, 4371400));
    m_vector.addElement(new StockData("HWP", "Hewlett-Packard",
      70, 71.0625, -1.4375, -2.01, 2410700));
    m_vector.addElement(new StockData("UIS", "Unisys Corp.", 
      28.25, 29, -0.75, -2.59, 2576200));
    m_vector.addElement(new StockData("SNE", "Sony Corp.", 

96.1875, 95.625, 1.125, 1.18, 330600));
    m_vector.addElement(new StockData("NOVL", "Novell Inc.", 
      24.0625, 24.375, -0.3125, -3.02, 6047900));
    m_vector.addElement(new StockData("HIT", "Hitachi, Ltd.", 
      78.5, 77.625, 0.875, 1.12, 49400));
  }

  public int getRowCount() {
    return m_vector==null ? 0 : m_vector.size(); 
  }

  public int getColumnCount() { 
    return m_columns.length; 
  } 

  public String getColumnName(int column) { 
    return m_columns[column].m_title; 
  }

  public boolean isCellEditable(int nRow, int nCol) {
    return false;
  }

  public Object getValueAt(int nRow, int nCol) {
    if (nRow < 0 || nRow >= getRowCount())
      return "";
    StockData row = (StockData)m_vector.elementAt(nRow);
    switch (nCol) {
      case 0: return row.m_symbol;
      case 1: return row.m_name;
      case 2: return row.m_last;
      case 3: return row.m_open;
      case 4: return row.m_change;
      case 5: return row.m_changePr;
      case 6: return row.m_volume;
    }
    return "";
  }

  public String getTitle() {
    if (m_date==null)
      return "Stock Quotes";
    return "Stock Quotes at "+m_frm.format(m_date);
  }
}

Understanding the Code
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Class StocksTable

This class extends JFrame to implementthe frame container for our table.Three instance variables are
declared (to be used extensively in more complex examples that follow):

JTable m_table: table component to display stock data.

StockTableData m_data: TableModel implementation to manage stock data (see below).

JLabel m_title: used to display stocks table title (date which stock prices are referenced).

The StocksTable constructor first initializes the parent frame object and builds an instance of
StockTableData.M ethod getTitle()isinvoked to setthe textforthe titlelabelwhich isadded to the
northern region ofthecontentpane.Then aJTable iscreated bypassing theStockTableData instanceto
theconstructor.NotethetheautoCreateColumnsFromModel methodissettofalse becauseweplan on
creating our own TableColumns.

Aswewillseebelow,thestaticarraym_columns oftheStockTableData classdescribesallcolumnsof
our table. It is used here to create each TableColumn instance and set their text alignment and width.

M ethod setHorizontalAlignment() (inherited by DefaultTableCellRenderer from JLabel)is
used to set the proper alignment for each TableColumn’s cell renderer.TheTableColumn constructortakes
a column index,width,and rendererasparameters.Note thatTableCellEditor issetto null since we
don’twantto allow editing ofstock data.Finally,columns are added to the table’s TableColumnModel
(whichJTable created by default because we didn’t specify one) with the addColumn() method.

Inthenextstep,aninstanceofJTableHeader iscreatedforthistable,andtheupdateTableInRealTime
propertyissettofalse (thisisdonetodemonstratetheeffectthishasoncolumndragging--onlyacolumn’s
table header is displayed during a drag).

Lastly a JScrollPane instance is used to provide scrolling capabilities,and our table is added to its
JViewport. This JScrollPane is then added to the center of our frame’s content pane.

Class StockData

Thisclassencapsulatesaunitofstock dataasdescribed in thetableabove.Theinstancevariablesdefined in
this class have the following meaning:

String m_symbol: stock’s symbol (NYSE or NASDAQ)

String m_name: company name

Double m_last: the price of the last trade

Double m_open: price at the beginning of the trade day

Double m_change: absolute change in price with respect to previous closing

Double m_changePr: percent change in price with respect to previous closing

Long m_volume: day’svolume of trade (in $) for this stock

Notethatallnumericaldataareencapsulated inObject-derived classes.Thisdesign decision simplifiesdata
exchangewith thetable(aswewillseebelow).Theonlyconstructorprovided assignseach ofthesevariables
from the data passed as parameters.

Note:W eusepublic instancevariablesinthisandseveralotherclassesin thischapter to avoid overcomplication.
Inmost professional apps these would either be protected or private.
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Class ColumnData

Thisclassencapsulatesdatadescribing thevisualcharacteristicsofasingleTableColumn ofourtable.The
instancevariables defined in this class have the following meaning:

String m_title: column title

int m_width: column width in pixels

int m_alignment: text alignment as defined in JLabel

The only constructor provided assigns each of these variables the data passed as parameters.

Class StockTableData

This class extends AbstractTableModel to serve as the data model for our table. Recall that
AbstractTableModel is an abstract class, and three methodsmust be implemented to instantiate it:

public int getRowCount(): returns the number of rows in the table.

public int getColumnCount(): returns the number of columns in the table.

public Object getValueAt(int row, int column):returns data in the specified cellas an
Object instance.

Note:AnalternativeapproachistoextendtheDefaultTableModel classwhichisaconcreteimplementationof
AbstractTableModel. However, this is not recommended, as the few abstract methods in
AbstractTableModel can be easily implemented. Usage of DefaultTableModel often creates
unnecessary overhead.

By design,thisclassmanagesallinformation aboutourtable,including the title and column data.A static
array ofColumnData,m_columns,isprovided to hold information aboutourtable’scolumns(itisused in
theStocksTable constructor, see above). Three instance variables have the following meaning:

SimpleDateFormat m_frm: used to format dates

Date m_date: date of currently stored market data

Vector m_vector: collection of StockData instances for each row in the table

The only constructor of the StockTableData class initializes two of these variables and calls the
setDefaultData() method to assign the pre-defined defaultdata to m_date and m_vector (in a later
examplewe’llseehow to useJDBC to retrievedatafrom adatabaseratherthan using hard-coded dataaswe
do here).

Aswediscussed above,thegetRowCount() and getColumnCount() methodsshould return thenumber
ofrowsand columns,respectively.So theirimplementation isfairly obvious.Theonly catch isthatthey may
becalledbytheAbstractTableModel constructorbeforeanymembervariableisinitialized.Sowehaveto
checkforanull instanceofm_vector.Notethatm_columns,asastaticvariable,willbeinitializedbefore
any non-static code is executed (so we don’t have to check m_columns against null).

The remainder of the StockTableData class implements the following methods:

getColumnName(): returns the column title.

isCellEditable(): always returns false, because we want to disable all editing.

getValueAt():retrievesdataforagiven cellasanObject.Depending on thecolumn index,oneofthe
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StockData fields is returned.

getTitle():returnsourtable’stitleasaString to beused in aJLabel in thenorthern region ofour
frame’s content pane.

Running the Code

Figure 18.1 shows StocksTable in action displaying our hard-coded stock data. Note that the
TableColumns resizeproperly in responseto theparentframesize.Also note thatthe selected row in our
table can be moved by changed with the mouse or arrow keys, but no editing is allowed.

18.3 Stocks Table: part II - Custom renderers
Now we’llextend StocksTable to usecolorand smalliconsin rendering ourtablecells.To enhance data
visibility, we’llmake the following two enhancements:

Render absolute and percent changes in green for positivevalues and red for negativevalues.

Add an icon next to each stock symbol: arrow up for positive changes and arrow down for negative.

To do this we need to build our own custom TreeCellRenderer.

Figure 18.2 JTable using a custom  cell renderer.

<<file figure18-2.gif>>

The Code: StocksTable.java
see\Chapter18\2

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.text.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.table.*;
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public class StocksTable extends JFrame 
{
  // Unchanged code from section 18.2

  public StocksTable() {
    // Unchanged code from section 18.2

    for (int k = 0; k < StockTableData.m_columns.length; k++) {
      DefaultTableCellRenderer renderer = new 
        ColoredTableCellRenderer();
      renderer.setHorizontalAlignment(
        StockTableData.m_columns[k].m_alignment);
      TableColumn column = new TableColumn(k, 
        StockTableData.m_columns[k].m_width, renderer, null);
      m_table.addColumn(column);
    }

    // Unchanged code from section 18.2
  }

  public static void main(String argv[]) {
    new StocksTable();
  }
}

class ColoredTableCellRenderer extends DefaultTableCellRenderer
{
  public void setValue(Object value) {
    if (value instanceof ColorData) {
      ColorData cvalue = (ColorData)value;
      setForeground(cvalue.m_color);
      setText(cvalue.m_data.toString());
    }
    else if (value instanceof IconData) {
      IconData ivalue = (IconData)value;
      setIcon(ivalue.m_icon);
      setText(ivalue.m_data.toString());
    }
    else
      super.setValue(value);
  }
}

class ColorData
{
  public Color  m_color;
  public Object m_data;
  public static Color GREEN = new Color(0, 128, 0);
  public static Color RED = Color.red;

  public ColorData(Color color, Object data) {
    m_color = color;
    m_data  = data;
  }

  public ColorData(Double data) {
    m_color = data.doubleValue() >= 0 ? GREEN : RED;
    m_data  = data;
  }

  public String toString() {
    return m_data.toString();
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  }
}

class IconData
{
  public ImageIcon  m_icon;
  public Object m_data;

  public IconData(ImageIcon icon, Object data) {
    m_icon = icon;
    m_data = data;
  }

  public String toString() {
   return m_data.toString();

  }
}

class StockData
{
  public static ImageIcon ICON_UP = new ImageIcon("ArrUp.gif");
  public static ImageIcon ICON_DOWN = new ImageIcon("ArrDown.gif");
  public static ImageIcon ICON_BLANK = new ImageIcon("blank.gif");

public IconData  m_symbol;
  public String  m_name;
  public Double  m_last;
  public Double  m_open;
  public ColorData  m_change;
  public ColorData  m_changePr;
  public Long    m_volume;

  public StockData(String symbol, String name, double last, 
double open, double change, double changePr, long volume) {

    m_symbol = new IconData(getIcon(change), symbol);
    m_name = name;
    m_last = new Double(last);
    m_open = new Double(open);
    m_change = new ColorData(new Double(change));
    m_changePr = new ColorData(new Double(changePr));
    m_volume = new Long(volume);
  }

  public static ImageIcon getIcon(double change) {
    return (change>0 ? ICON_UP : (change<0 ? ICON_DOWN : 
      ICON_BLANK));
  }
}

// Class StockTableData unchanged from section 18.2

Understanding the Code

Class StocksTable

The only change we need to make in the base frame classisto change the column rendererto a new class,
ColoredTableCellRenderer. ColoredTableCellRenderer should be able to draw icons and
colored text (but not both at the same time-- although this could be done using this same approach).

Class ColoredTableCellRenderer

This class extends DefaultTableCellRenderer and overrides only one method:setValue().This
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method willbecalled priorto the rendering ofa cellto retrieve itscorresponding data (ofany nature)asan
Object. Our overridden setValue() method is able to recognize two specific kinds of cell data:
ColorData,which adds colorto a data object,and IconData,which adds an icon (both are described
below).If a ColorData instanceisdetected,itsencapsulatedcolorissetastheforegroundfortherenderer.If
an IconData instance is detected,its encapsulated icon is assigned to the rendererwith thesetIcon()
method(whichisinheritedfrom JLabel).IfthevalueisneitheraColorData oran IconData instancewe
call the super-classsetValue() method.

Class ColorData

This class is used to bind a specific color,m_color,to a data objectofany nature,m_data.Two static
Colors,RED and GREEN,aredeclaredtoavoidcreationofnumeroustemporaryobjects.Twoconstructorsare
provided for this class.The firstconstructor takes Color and Object parameters and assigns them to
instance variablesm_color and m_data respectively.The second constructortakes a Double parameter
whichgetsassignedtom_data,andm_color isassignedthegreencoloriftheparameterispositive,andred
if negative. The toString() method simply calls the toString() method of the data object.

Class IconData

Thisclassisused to bind ImageIcon m_icon to adataobjectofany nature,m_data.Itsonly constructor
takes ImageIcon and Object parameters. The toString() method simply calls the toString()
method of the data object.

Class StockData

This class has been enhanced from its previous version to to provide images and new variable data types.
W e’ve prepared three staticImageIcon instancesholding images:arrow up,arrow down,and a blank (all
transparent)image.ThestaticgetIcon() method returnsoneoftheseimagesdepending on thesign ofthe
given double parameter.W e’vealso changed threeinstancevariablesto bind datawith thecolorand image
attributes according to the following table:

Field New type Data object Description
m_symbol IconData String Stock’s symbol (NYSE or NASDAQ)
m_change ColorData Double Absolute change in price 
m_changePr ColorData Double Percent change in price

The corresponding changes are also required in the StockData constructor.

Running the Code

Figure18.2showsStocksTable withcustom rendering in action.Notethecorrectusageofcolorand icons,
which considerably enhances the visualization of our data.

UI Guideline :Im proving visualcom m unication Tablescan be data intensive and consequently itcan be very
difficultfortheviewerto quickly pick outtheimportantinformation.Thetablein fig 18.1 highlighted this.In
fig 18.2, we are improving the visual communicationwith the introduction of visual layers.Theiconsinthefirst
column quickly telltheviewerwhetherapriceis rising orfalling.Thisisvisually re-inforced with thered and
green introduced on the change columns.

Redparticularlyisaverystrong color.Byintroducing red and green onlyon thechangecolumnsand notacrossthe
entirerow,weavoid thedangerof thered becoming overpowering.Ifwehad introduced red and green across
the full width of the table, the colors may have become intrusive and impaired the visual communication.
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18.4 Stocks Table: part III - Data formatting
Tofurtherenhancethepresentationofourstockdata,inthissectionwewlltakeinto accountthatactualstock
prices(atleaston NYSE and NASDAQ)areexpressed in fractionsof32,notin decimals.Anotherissuethat
we willdealwith is the volume oftrade,which can reach hundredsofmillions ofdollars.Volume is not
immediately legible without separating thousands and millions places with commas.

Figure 18.3 JTable w ith custom  num ber form atting cell renderer to display fractions and com m a-delim ited num bers.

<<file figure18-3.gif>>

The Code: StocksTable.java
see\Chapter18\3

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.text.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.table.*;

// Unchanged code from section 18.3

class Fraction
{
  public int m_whole;
  public int m_nom;
  public int m_den;

  public Fraction(double value) {
    int sign = value <0 ? -1 : 1;
    value = Math.abs(value);
    m_whole = (int)value;
    m_den = 32;
    m_nom = (int)((value-m_whole)*m_den);
    while (m_nom!=0 && m_nom%2==0) {
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      m_nom /= 2;
      m_den /= 2;
    }
    if (m_whole==0)
      m_nom *= sign;
    else
      m_whole *= sign;
  }

  public double doubleValue() {
    return (double)m_whole + (double)m_nom/m_den;
  }

  public String toString() {
    if (m_nom==0)
      return ""+m_whole;
    else if (m_whole==0)
      return ""+m_nom+"/"+m_den;
    else
      return ""+m_whole+" "+m_nom+"/"+m_den;
  }
}

class SmartLong
{
  protected static NumberFormat FORMAT;

  static {
    FORMAT = NumberFormat.getInstance();
    FORMAT.setGroupingUsed(true);
  }

  public long m_value;

  public SmartLong(long value) { m_value = value; }

  public long longValue() { return m_value; }

  public String toString() { return FORMAT.format(m_value); }
}

class ColorData
{
  public ColorData(Fraction data) {
    m_color = data.doubleValue() >= 0 ? GREEN : RED;
    m_data  = data;
  }

  // Unchanged code from section 18.3
}

class StockData
{
  public static ImageIcon ICON_UP = new ImageIcon("ArrUp.gif");
  public static ImageIcon ICON_DOWN = new ImageIcon("ArrDown.gif");
  public static ImageIcon ICON_BLANK = new ImageIcon("blank.gif");

  public IconData  m_symbol;
  public String  m_name;
  public Fraction  m_last;
  public Fraction  m_open;
  public ColorData  m_change;
  public ColorData  m_changePr;
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  public SmartLong  m_volume;

  public StockData(String symbol, String name, double last, 
   double open, double change, double changePr, long volume) {
    m_symbol = new IconData(getIcon(change), symbol);
    m_name = name;
    m_last = new Fraction(last);
    m_open = new Fraction(open);
    m_change = new ColorData(new Fraction(change));
    m_changePr = new ColorData(new Double(changePr));
    m_volume = new SmartLong(volume);
  }

  // Unchanged code from section 18.3
}

Understanding the Code

Class Fraction

This new data class encapsulates fractions with denominator 32 (or in a reduced form).Three instance
variablesrepresentthewholenumber,numerator,and denominatorofthefraction.Theonlyconstructortakes
a double parameterand carefully extractsthese values,performing numeratorand denominatorreduction,if
possible. Note that negative absolute values are taken into account.

M ethod doubleValue() performstheoppositetask:itconvertsthefraction into adouble value.M ethod
toString() forms a String representation of the fraction. 

Notethatazero wholenumberorazero nominatorareomitted to avoid unseemly outputlike"0 1/2"or"12
0/32".

Class SmartLong

This class encapsulateslong values.The only constructortakes a long as parameterand stores itin the
m_value instance variable.The realpurpose ofcreating thisclassisthe overriddentoString() method,
which inserts commas separating thousands, millions, etc. places. For this purpose we use the
java.text.NumberFormat class.An instance ofthisclassiscreated asa static variable,and formatting
values using NumberFormat’sformat() method couldn’t be easier.

Note:SmartLong cannotextend Long (although itwould be natural),because java.lang.Long is a final
class.

Class ColorData

Thisclassrequiresanew constructorto cooperatewith thenew Fraction datatype.Thisthird constructor
takesaFraction instanceasparameterand usesitscolorattributein thesameway itdid previously:green
for positivevalues, and red for negativevalues.

Class StockData

This class uses new data types forits instance variables.The listofinstance variables now looks like the
following:

Field Type Data object Description
m _sym bol IconData String Stock sym bol (NYSE or NASDAQ)
m _nam e String N/A Com pany nam e
m _last Fraction N/A The price of the last trade
m _open Fraction N/A The price at the beginning of the trade day
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m _change ColorData Fraction Absolute change in price
m _changePr ColorData Double Percent change in price
m _volum e Sm artLong N/A Day’s volum e of trade (in $) for this stock

The StockData constructor is modified accordingly. M eanwhile the parameters in the StockData
constructor have notchanged,so there is no need to make any changes to the data modelclass using
StockData.

Note.W ecould usethedifferentapproach ofjustformatting theinitialcontentsofourtable’scellsinto textstrings
and operating on them withoutintroducing new data classes.Thisapproach,however,isnotdesirable from a
design pointofview,asitstripsthe data ofitstrue nature:numbers.Using ourmethod we are stillable to
retrieve number values, if necessary, through the doubleValue() orlongValue() methods.

Running the Code

Figure18.3 showsStocksTable in action with numberformatting.Presented thisway,ourdatalooksmuch
more familiar to most of those who follow the stock trade on a regular basis.

UIGuideline:TalkingtheUserslanguage In thisexample,wehavechangedtherenderingofthestockpricesinto
fractionsratherthan decimals.Thisisa good example ofproviding bettervisualcommunication by speaking
thesamelanguageastheviewers.IntheNorthAmericanstockmarkets,pricesarequotedinfractionalamounts
ofdollarsratherthan dollarsand cents.Switching to thistypeofdisplay helpstheapplication to communicate
more quickly and more influentially to the viewer, improving usability.

18.5 Stocks Table: part IV - sorting columns

Note: This and the following StocksTable examples require Java 2 as they make use of the new
java.util.Collections functionality.

In this section we add the ability to sortany column in ascending ordescending order.The mostsuitable
graphicalelementforselection ofsortorderare the column headers.W e adoptthe following modelforour
sorting functionality:

1. A single click on the header of a certain column causes the table to re-sort based on this column.
2. A repeated click on the same column changesthe sortdirection from ascending to descending and

viceversa.
3. The header of the column which provides the current sorting should be marked.

To do this we add a mouse listenerto the table headerto capture mouse clicks and triggera table sort.
Fortunately sorting can be accomplished fairly easily using the new Collections functionality in Java 2. 

Note:Class java.util.Collections contains a setofstatic methods used to manipulate Java collections,
includingjava.util.Vector which is used in this example.

W e use the java.util.Collections.sort(List lst, Comparator c) method to sort any
collection implementing thejava.util.List interface based on a given Comparator.A Comparator
implementation requires two methods:

int compare(Object o1, Object o2): Compares two objects and returns the resultas an int
(zero ifequal,negativevalueifthefirstislessthan thesecond,positivevalueifthefirstismorethan the
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second).

boolean equals(Object obj): Returnstrue if the given object is equal to this Comparator.

Figure 18.4 JTable w ith ascending and descending sorting of all colum ns.

<<file figure18-4.gif>>

The Code: StocksTable.java
see\Chapter18\4

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.text.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.table.*;

public class StocksTable extends JFrame 
{
  // Unchanged code from section 18.4

  public StocksTable() {
    // Unchanged code from section 18.4

    JTableHeader header = m_table.getTableHeader();
    header.setUpdateTableInRealTime(true);
    header.addMouseListener(m_data.new ColumnListener(m_table));
    header.setReorderingAllowed(true);

    // Unchanged code from section 18.4
  }

  public static void main(String argv[]) {
    new StocksTable();
  }
}
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// Unchanged code from section 18.4

class StockTableData extends AbstractTableModel
{
  // Unchanged code from section 18.2

  protected SimpleDateFormat m_frm;
  protected Vector m_vector;
  protected Date   m_date;

  protected int m_sortCol = 0;
  protected boolean m_sortAsc = true;

  public StockTableData() {
    m_frm = new SimpleDateFormat("MM/dd/yyyy");
    m_vector = new Vector();
    setDefaultData();
  }

  public void setDefaultData() {
    // Unchanged code from section 18.4

    Collections.sort(m_vector, new 
      StockComparator(m_sortCol, m_sortAsc));
  }

  // Unchanged code from section 18.4

  public String getColumnName(int column) {
    String str = m_columns[column].m_title;
    if (column==m_sortCol)
      str += m_sortAsc ? " »" : " «";
    return str;
  }

  // Unchanged code from section 18.4

  class ColumnListener extends MouseAdapter
  {
    protected JTable m_table;

    public ColumnListener(JTable table) {
      m_table = table;
    }

    public void mouseClicked(MouseEvent e) {
      TableColumnModel colModel = m_table.getColumnModel();
      int columnModelIndex = colModel.getColumnIndexAtX(e.getX());
      int modelIndex = colModel.getColumn(columnModelIndex).getModelIndex();

      if (modelIndex < 0)
        return;
      if (m_sortCol==modelIndex)
        m_sortAsc = !m_sortAsc;
      else
        m_sortCol = modelIndex;

      for (int i=0; i < m_columns.length; i++) {
        TableColumn column = colModel.getColumn(i);
        column.setHeaderValue(getColumnName(column.getModelIndex()));
      }
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      m_table.getTableHeader().repaint();

      Collections.sort(m_vector, new 
        StockComparator(modelIndex, m_sortAsc));
     m_table.tableChanged(

        new TableModelEvent(StockTableData.this)); 
      m_table.repaint();
    }
  }
}

class StockComparator implements Comparator
{
  protected int     m_sortCol;
  protected boolean m_sortAsc;

  public StockComparator(int sortCol, boolean sortAsc) {
    m_sortCol = sortCol;
    m_sortAsc = sortAsc;
  }

  public int compare(Object o1, Object o2) {
    if(!(o1 instanceof StockData) || !(o2 instanceof StockData))
      return 0;
    StockData s1 = (StockData)o1;
    StockData s2 = (StockData)o2;
    int result = 0;
    double d1, d2;
    switch (m_sortCol) {
      case 0:    // symbol
        String str1 = (String)s1.m_symbol.m_data;
        String str2 = (String)s2.m_symbol.m_data;
        result = str1.compareTo(str2);

    break;
      case 1:    // name
        result = s1.m_name.compareTo(s2.m_name);
        break;
      case 2:    // last
        d1 = s1.m_last.doubleValue();
        d2 = s2.m_last.doubleValue();
        result = d1<d2 ? -1 : (d1>d2 ? 1 : 0);

break;
      case 3:    // open
        d1 = s1.m_open.doubleValue();
        d2 = s2.m_open.doubleValue();
        result = d1<d2 ? -1 : (d1>d2 ? 1 : 0);
        break;
      case 4:    // change
        d1 = ((Fraction)s1.m_change.m_data).doubleValue();
        d2 = ((Fraction)s2.m_change.m_data).doubleValue();
        result = d1<d2 ? -1 : (d1>d2 ? 1 : 0);
        break;
      case 5:    // change %
        d1 = ((Double)s1.m_changePr.m_data).doubleValue();
        d2 = ((Double)s2.m_changePr.m_data).doubleValue();
        result = d1<d2 ? -1 : (d1>d2 ? 1 : 0);
        break;
      case 6:    // volume
        long l1 = s1.m_volume.longValue();
        long l2 = s2.m_volume.longValue();
        result = l1<l2 ? -1 : (l1>l2 ? 1 : 0);
        break;
    }
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    if (!m_sortAsc)
      result = -result;
    return result;
  }

  public boolean equals(Object obj) {
    if (obj instanceof StockComparator) {
      StockComparator compObj = (StockComparator)obj;
      return (compObj.m_sortCol==m_sortCol) && 

  (compObj.m_sortAsc==m_sortAsc);
    }
    return false;
  }
}

Understanding the Code

Class StocksTable

In theStocksTable constructorwesettheupdateTableInRealTime property to show column contents
whilecolumnsaredragged,and weadd an instanceoftheColumnListener class(see below)asa mouse
listener to the table’s header.

Class StockTableData

Here we declare two new instance variables:int m_sortCol toholdtheindexofthecurrentcolumnchosen
forsorting,and boolean m_sortAsc,which istrue when sorting in ascending order,and false when
sorting in descending order.Thesevariablesdeterminetheinitialsorting order.To be consistentwe sortour
tableinitiallybycalling theCollections.sort() method in oursetDefaultData() method (which is
called from the StockTableData constructor).

W e also add a special marker for the sorting column’s header: ‘»’ forascendingand ‘«’ fordescendingsorting.
This changes the way we retrieve a column's name, which no longer is a constant value:

  public String getColumnName(int column) {
    String str = m_columns[column].m_title;
    if (column==m_sortCol)
      str += m_sortAsc ? " »" : " «";
    return str;
  }

Class StockTableData.ColumnListener

Because this class interacts heavily with our table data, it is implemented as an inner class in
StockTableData.ColumnListener takes a reference to a JTable in its constructor and stores that
reference in its m_table instance variable.

ThemouseClicked() method isinvoked when theuserclickson aheader.Firstitdeterminestheindex of
the TableColumn clicked based on the coordinate of the click.If for any reason the returned index is
negative (i.e.the column cannotbe determined)the method cannotcontinue and we return.Otherwise,we
check whetherthisindex correspondsto the column which already hasbeen selected forsorting.Ifso,we
invertthem_sortCol flagtoreversethesorting order.Iftheindex correspondsto newlyselected column we
store the new sorting index in the m_sortCol variable.

Then we refresh the header names by iterating through the TableColumns and assinging them a name
corresponding to the column they representin theTableModel.To do thiswe passeach TableColumn’s
modelIndex propertyto ourgetColumnName() method (seeabove).Finally ourtabledataisre-sorted by
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calling the Collections.sort() method and passing in a new StockComparator object.W e then
refresh the table by calling tableChanged() and repaint().

Class StockComparator

This class implements the rule of comparisonfor two objects, which inourcaseareStockDatas.Instancesof
theStockComparator class are passed to the Collections.sort() method to perform data sorting.

Two instance variables are defined: 

int m_sortCol represents the index of the column which performs the comparison

boolean m_sortAsc is true for ascending sorting and false for descending. 

TheStockComparator constructor takes  two  parameters and stores them in these instance variables.

Thecompare() methodtakestwoobjectsto becompared and returnsan integervalueaccording to therules
determined in the Comparator interface:

0 if object 1 equals 2

A positive number if object 1 is greater than object 2,

A negative number if object 1 is less than object 2.

Since we are dealing only with StockData objects,firstwe castboth objectsand return 0 ifthiscastisn't
possible.ThenextissueistodefinewhatitmeanswhenoneStockData objectsisgreater,equal,orlessthan
another.Thisisdoneinaswitch-case structure,which,dependingontheindexofthecomparisoncolumn,
extractstwo fieldsand formsan integerresultofthecomparison.W hen theswitch-case structurefinishes,
weknow theresultofanascendingcomparison.Fordescendingcomparison wesimplyneed to invertthesign
of the result.

Theequals() methodtakesanotherComparator instanceasparameterand returnstrue ifthatparameter
represents the same Comparator. W e determine this by comparing Comparator instance variables:
m_sortCol and m_sortAsc.

Running the Code

Figure18.4showsStocksTable sortedbydecreasing “Change% .” Clickdifferentcolumnheadersandnote
thatresorting occursasexpected.Click thesamecolumn headertwice and note thatsorting orderflipsfrom
ascendingtodescending and viceversa.Also note thatthecurrentlyselected sorting column headerismarked
by the '»'or '«'symbol.Thissorting functionality isvery useful.Particularly,forstock marketdata we can
instantly determine which stocks have the highest price fluctuations or the most heavy trade.

UIGuideline :Sortby header selection idiom Introducing tablesorting using thecolumn headersisintroducing
anotherdesign idiom to theUserInterface.Thisdesign idiom isbecoming widely accepted and widely used in
many applications.Itisausefuland powerfultechniquewhich you can introduce when sorting table data isa
requirement.Thetechniqueisnotintuitiveand theirislittlevisualaffordanceto suggestthatclicking acolumn
headerwillhave any effect.So considerthatthe introduction ofthis technique may require additionalUser
training.

18.6 Stocks Table: part V - JDBC
Despiteallofoursorting functionalityand enhanced datadisplay,ourapplication isstillquiteboring because
itdisplaysonlydataforapre-definedday!Ofcourse,intherealworldweneedtoconnectsuchanapplication
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tothesourceoffreshinformationsuch asadatabase.Veryoften tablesareused to displaydataretrieved from
databases,orto editdatato bestored in databases.In thissection we show how to feed ourStocksTable
data extracted from a database using the Java Database Connectivity (JDBC) API.

First, we need to create the database. W e chose to use two SQL tables (do notconfuseSQL tablewithJTable)
whose structure precisely corresponds to the market data structure described in section 18.2:

Table SYM BOLS
Field Nam e Type
symbol Text
name Text

Table DATA
Field Nam e Type
symbol Text
date1 Date/Time
last Number
change Number
changeproc Number
open Number
volume Number

Forthisexamplewe use the JDBC-ODBC bridge which isa standard partofJDK since the 1.1 release and
linksJava programsto M icrosoftAccessdatabases.Ifyou are using anotherdatabase engine,you can work
withthisexampleaswell,butyoumustmakesurethatthestructureofyourtablesisthesame.Beforerunning
the example in a W indows environment we need to register a database in an ODBC DataSourceAdministrator
which is accessible through the Control Panel (this is not a JDBC tutorial, so we’ll skip the details).

Figure 18.5 Retrieving stock data from  a database for display in JTable.

<<file figure18-5.gif>>

The Code: StocksTable.java
see\Chapter18\5

import java.awt.*;
import java.awt.event.*;
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import java.util.*;
import java.io.*;
import java.text.*;
import java.sql.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.table.*;

public class StocksTable extends JFrame
{

protected JTable m_table;
protected StockTableData m_data;
protected JLabel m_title;

  public StocksTable() {
    // Unchanged code from section 18.4

    JMenuBar menuBar = createMenuBar();
      setJMenuBar(menuBar);

    // Unchanged code
  }

  protected JMenuBar createMenuBar() {
    JMenuBar menuBar = new JMenuBar();

    JMenu mFile = new JMenu("File");
    mFile.setMnemonic('f');

    JMenuItem mData = new JMenuItem("Retrieve Data...");
    mData.setMnemonic('r');
    ActionListener lstData = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        retrieveData();
      }
    };
    mData.addActionListener(lstData);
    mFile.add(mData);
    mFile.addSeparator();

    JMenuItem mExit = new JMenuItem("Exit");
    mExit.setMnemonic('x');
    ActionListener lstExit = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        System.exit(0);
      }
    };
    mExit.addActionListener(lstExit);
    mFile.add(mExit);
    menuBar.add(mFile);

    return menuBar;
  }

  public void retrieveData() {
    SimpleDateFormat frm = new SimpleDateFormat("MM/dd/yyyy");
    String currentDate = frm.format(m_data.m_date);
    String result = (String)JOptionPane.showInputDialog(this, 
      "Please enter date in form mm/dd/yyyy:", "Input", 
      JOptionPane.INFORMATION_MESSAGE, null, null, 
      currentDate);
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    if (result==null)
      return;

    java.util.Date date = null;
    try { 
      date = frm.parse(result); 
    }
    catch (java.text.ParseException ex) { 
      date = null; 
    }

    if (date == null) {
      JOptionPane.showMessageDialog(this,
        result+" is not a valid date",
        "Warning", JOptionPane.WARNING_MESSAGE);
      return;
    }

    setCursor( Cursor.getPredefinedCursor(Cursor.WAIT_CURSOR) );
    switch (m_data.retrieveData(date)) {
      case 0:    // Ok with data
        m_title.setText(m_data.getTitle());
        m_table.tableChanged(new TableModelEvent(m_data)); 
        m_table.repaint();
        break;
      case 1: // No data
        JOptionPane.showMessageDialog(this, 
          "No data found for "+result,
          "Warning", JOptionPane.WARNING_MESSAGE);
        break;
      case -1: // Error
        JOptionPane.showMessageDialog(this, 
          "Error retrieving data",
          "Warning", JOptionPane.WARNING_MESSAGE);
        break;
    }

  setCursor(Cursor.getPredefinedCursor(Cursor.DEFAULT_CURSOR));
  }

  public static void main(String argv[]) {
    new StocksTable();
  }
}

// Unchanged code from section 18.4

class StockTableData extends AbstractTableModel 
{
  static final public ColumnData m_columns[] = {
    // Unchanged code from section 18.2
  };

  protected SimpleDateFormat m_frm;
  protected Vector m_vector;
  protected java.util.Date m_date; // conflict with

  protected int m_sortCol = 0;
  protected boolean m_sortAsc = true;

  protected int m_result = 0;

  public StockTableData() {
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    m_frm = new SimpleDateFormat("MM/dd/yyyy");
    m_vector = new Vector();
    setDefaultData();
  }

  // Unchanged code from section 18.4

  public int retrieveData(final java.util.Date date) {
    GregorianCalendar calendar = new GregorianCalendar();
    calendar.setTime(date);
    int month = calendar.get(Calendar.MONTH)+1;
    int day = calendar.get(Calendar.DAY_OF_MONTH);
    int year = calendar.get(Calendar.YEAR);

    final String query = "SELECT data.symbol, symbols.name, "+
      "data.last, data.open, data.change, data.changeproc, "+
      "data.volume FROM DATA INNER JOIN SYMBOLS "+
      "ON DATA.symbol = SYMBOLS.symbol WHERE "+
      "month(data.date1)="+month+" AND day(data.date1)="+day+
      " AND year(data.date1)="+year;

    Thread runner = new Thread() {
      public void run() {
        try {
          // Load the JDBC-ODBC bridge driver
          Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");
          Connection conn = DriverManager.getConnection(
            "jdbc:odbc:Market", "admin", "");

          Statement stmt = conn.createStatement();
          ResultSet results = stmt.executeQuery(query);

          boolean hasData = false;
          while (results.next()) {

    if (!hasData) {
              m_vector.removeAllElements();
              hasData = true;
            }
            String  symbol = results.getString(1);
            String  name = results.getString(2);
            double  last = results.getDouble(3);
            double  open = results.getDouble(4);
            double  change = results.getDouble(5);
            double  changePr = results.getDouble(6);
            long volume = results.getLong(7);
            m_vector.addElement(new StockData(symbol, name, last, 
              open, change, changePr, volume));
          }
          results.close();
          stmt.close();
          conn.close();

          if (!hasData)    // We've got nothing
            m_result = 1;
        }
        catch (Exception e) {
          e.printStackTrace();
          System.err.println("Load data error: "+e.toString());
          m_result = -1;
        }
        m_date = date;
        Collections.sort(m_vector, 
          new StockComparator(m_sortCol, m_sortAsc));
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m_result = 0;
      }
    };
    runner.start();

    return m_result;
  }

  // Unchanged code from section 18.4
}

// Class StockComparator unchanged from section 18.4

Understanding the Code

Class StocksTable

A JMenuBar instance is created with our custom createMenuBar() method and added to our frame.

ThecreateMenuBar() method createsamenu barcontaining asinglemenu titled“File.” Two menu items
are added:“Retrieve Data...” and “Exit” with a separatorin between.AnonymousActionListeners are
added to each.The first calls our custom retrieveData() method,and the second simply kills the
application using System.exit(0).

The retrieveData() method is called in response to a “Retrieve Data...” menu item activation.Firstit
promptstheuserto enterthedatebydisplaying aJOptionPane dialog.Oncethedatehasbeen entered,this
methodparsesitusing aSimpleDateFormat object.Iftheentered string cannotbeparsed into avalid date,
themethod showsawarning messageand returns.Otherwise,weconnectto JDBC and retrievenew data.To
indicate thatthe program willbe busy forsome time the waitmouse cursoris displayed.The main job is
performed byournew StockTableData retrieveData() method (seebelow),which isinvoked on the
m_data object.StockTableData’sretrieveData() method returnsan errorcode thatthe restofthis
method depends on:

0: Normal finish, some data retrieved. The table model is updated and repainted.

1:Normalfinish,no dataretrieved.A warning messageisdisplayed,and no changesin thetablemodelare
made.

-1: An error has occurred. An error message is displayed, and no changes in the table model are made.

Class StockTableData

First,a minorchange isrequired in the declaration ofthem_date variable.Since now we’ve imported the
java.sql package,which also includestheDate class,wehaveto do providethefullyqualified callsname
java.util.Date.

A new instance variable is added to store the resultofa data retrievalrequestin theretrieveData()
method.As mentioned above,retrieveData() retrieves a table’s data for a given date of trade.Our
implementationusestheJDBC bridgedriverandshouldbefamiliartoJDBC-awarereaders.Thefirstthingwe
do isconstructan SQL statement.Since we cannotcompare ajava.util.Date objectand an SQL date
stored in the database,we have to extractthe date’scomponents(year,month,and day)and compare them
separately. An instance of GregorianCalendar is used to manipulate the date object.

W e load the JDBC-ODBC bridge drivertoM icrosoftAccessbyusingtheClass.forName method,andthen
connecttoadatabasewiththeDriverManager.getConnection() method.Ifnoexceptionisthrown,we
can createaStatement instanceforthenewly created Connection objectand retrieveaResultSet by
executing the previously constructed query.
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W hile new data isavailable (checked with theResultSet.next() method),we retrieve new data using
basic getXX() methods,create a new StockData instance to encapsulate the new data,and add itto
m_vector.

Notehow thehasData localvariableisused to distinguish thecasein which wedo nothaveanydatain our
RecordSet.Thefirsttimewereceivesomevalid datafrom ourRecordSet in thewhile loop,wesetthis
variable to true and clean up ourm_vector collection.Ifno data isfound,we have an unchanged initial
vector and the hasData flag is set to false. Finally we close our ResultSet, Statement, and
Connection instances.Ifany exception occurs,the method printsthe exception trace and returnsa –1 to
indicate an error. Otherwise ournewlyretrieveddataissortedwiththeCollections.sort() methodanda
0 is returned to indicate success.

Running the Code

Figure18.6 showsStocksTable with dataretrieved from adatabase.Try loading datafor differentdatesin
yourdatabase.A sample M icrosoftAccessdatabase,market.mdb,containing some realmarketdata,can be
found in the \swing\Chapter18 directory.

18.7 Stocks Table: part VI - column addition and removal
JTable allows us to dynamically add and remove TableColumns on the fly. Recall that the
TableColumnModel interface provides the methods addColumn() and removeColumn() to
programmatically add or remove a TableColumn respectively.In this section we add dynamic column
addition and removal to ourStocksTable application.

Figure 18.6 JTable w ith dynam ic colum n addition and rem oval.

<<file figure18-6.gif>>

The Code: StocksTable.java
see\Chapter18\6

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.text.*;
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import java.sql.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.table.*;

public class StocksTable extends JFrame 
{
  // Unchanged code from section 18.5

  public StocksTable() {
    // Unchanged code from section 18.5
    header.setReorderingAllowed(true);

    m_table.getColumnModel().addColumnModelListener(
      m_data.new ColumnMovementListener());

    // Unchanged code from section 18.5
  }

  protected JMenuBar createMenuBar() {
 // Unchanged code from section 18.5

    JMenu mView = new JMenu("View");
    mView.setMnemonic('v');
    TableColumnModel model = m_table.getColumnModel();
    for (int k = 0; k < StockTableData.m_columns.length; k++) {
      JCheckBoxMenuItem item = new JCheckBoxMenuItem(
        StockTableData.m_columns[k].m_title);
      item.setSelected(true);
      TableColumn column = model.getColumn(k);
      item.addActionListener(new ColumnKeeper(column, 
        StockTableData.m_columns[k]));
      mView.add(item);
    }
    menuBar.add(mView);

    return menuBar;
  }

  // Unchanged code from section 18.5

  class ColumnKeeper implements ActionListener
  {
    protected TableColumn m_column;
    protected ColumnData  m_colData;

    public ColumnKeeper(TableColumn column, ColumnData  colData) {
      m_column = column;
      m_colData = colData;
    }

    public void actionPerformed(ActionEvent e) {
      JCheckBoxMenuItem item = (JCheckBoxMenuItem)e.getSource();
      TableColumnModel model = m_table.getColumnModel();
      if (item.isSelected()) {
        model.addColumn(m_column);
      }
      else {
        model.removeColumn(m_column);
      }
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      m_table.tableChanged(new TableModelEvent(m_data)); 
      m_table.repaint();
    }
  }

  public static void main(String argv[]) {
    new StocksTable();
  }
}

// Unchanged code from section 18.5

class StockTableData extends AbstractTableModel 
{
  // Unchanged code from section 18.5

  protected SimpleDateFormat m_frm;
  protected Vector m_vector;
  protected java.util.Date m_date;
  protected int m_columnsCount = m_columns.length;

  // Unchanged code from section 18.5 

  public int getColumnCount() { 
    return m_columnsCount;
  }

  // Unchanged code from section 18.5

  class ColumnListener extends MouseAdapter
  {
    // Unchanged code from section 18.4

    public void mouseClicked(MouseEvent e) {
      // Unchanged code from section 18.4

      for (int i=0; i < m_columnsCount; i++) {
        TableColumn column = colModel.getColumn(i);
        column.setHeaderValue(getColumnName(column.getModelIndex()));
      }
      m_table.getTableHeader().repaint();

      // Unchanged code from section 18.4
    }
  }

  class ColumnMovementListener implements TableColumnModelListener
  {
    public void columnAdded(TableColumnModelEvent e) {
      m_columnsCount++;
    }

    public void columnRemoved(TableColumnModelEvent e) {
      m_columnsCount--;
    }

    public void columnMarginChanged(ChangeEvent e) {}
    public void columnMoved(TableColumnModelEvent e) {}
    public void columnSelectionChanged(ListSelectionEvent e) {}
  }
  // Unchanged code from section 18.5
}
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// Class StockComparator unchanged from section 18.4

Understanding the Code

Class StocksTable

TheStocksTable constructornow addsan instanceofStockTableData.ColumnMovementListener
(see below) to our table’sTableColumnModel to listen for column additions and removals.

OurcreateMenuBar() method now addsseveralcheckbox menu itemsto anew “View” menu --onefor
each column. Each of these check box menu items recieves a ColumnKeeper instance (see below)as
ActionListener.

Class StocksTable.ColumnKeeper

This inner class implements the ActionListener interface and serves to keep track of when the user
removes and adds columns to the table. The constructor receives a TableColumn instance and a
ColumnData object. The actionPerformed() method adds this column to the model with the
addColumn() method ifthecorresponding menu item ischecked,and removesthiscolumn from themodel
with removeColumn() ifitisunchecked.To updatethetableto properly reflectthese changes,we callits
tableChanged() method followed by a repaint() request.

Class StockTableData

StockTableData now containsinstance variablem_columnsCount to keep track ofthe currentcolumn
count.This variable is decremented and incremented in the columnRemoved() and columnAdded()
methods of inner class ColumnMovementListener. It is also used in the
StockTableData.ColumnListener class’s mouseClicked() method for properly setting header
values for the visible columns only.

Class StockTableData.ColumnM ovementListener

This class implementsTableColumnModelListener to incrementand decrementStockTableData’s
m_columnsCount variable when a column addition orremovaloccurs,respectively.Aninstanceofthisinner
class is added to our table’sTableColumnModel in the StocksTable constructor.

Running the Code

Figure18.7 showsthenew “View” menu with an unchecked “Change % ” menu item,and thecorresponding
column hidden.Reselecting thismenu item willplacethecolumn back in thetableattheend position.Verify
that each menu item functions similarly.

18.8 Custom models, editors, and renderers
In constructing our StocksTable application we talked mostly aboutdisplaying and retrieving data in
JTable.In this section we willconstructa basic expense reportapplication,and in doing so we will
concentrateon tablecellediting.W e willalso see how to implementdynamic addition and removaloftable
rows.

The editing of data generally follows this scheme:

Create an instance oftheTableCellEditor interface.W e can use theDefaultCellEditor classor
implementourown.The DefaultCellEditor class takes a GUIcomponentas a parameterto its
constructor:JTextField,JCheckBox or JComboBox. This component will be used for editing.

Ifwe are developing a custom editor,we need to implementthegetTableCellEditorComponent()
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method which will be called each time a cell is about to be edited.

In ourtablemodelweneed to implementthesetValueAt(Object value, int nRow, int nCol)
method which willbe called to change a value in the table when an editends.This is where we can
perform any necessary data processing and validation.

The data model for this example is designed as follows (where each row represents a column in our JTable):

Nam e Type Description
Date String Date of expense
Amount Double Amount of expense
Category Integer Category from pre-defined list
Approved Boolean Sign of approval for this expense.
Description String Brief description

Figure 18.7 An expense report app illustrating custom  cell editing, rendering, and row  addition/rem oval.

<<file figure18-7.gif>>

Note:Sincetheonly math thatisdonewith our“Amount” valuesisaddition,using Doublesisfine.However,in
more professionalimplementationswe may need to use rounding techniquesora custom rendererto remove
unneccessary fractional amounts.

The Code: ExpenseReport.java
see\Chapter18\7

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.text.SimpleDateFormat;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.table.*;

public class ExpenseReport extends JFrame 
{
  protected JTable m_table;
  protected ExpenseReportData m_data;
  protected JLabel m_title;

  public ExpenseReport() {
    super("Expense Report");
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    setSize(570, 200);

    m_data = new ExpenseReportData(this);

    m_table = new JTable();
    m_table.setAutoCreateColumnsFromModel(false);
    m_table.setModel(m_data);
    m_table.setSelectionMode(ListSelectionModel.SINGLE_SELECTION);

    for (int k = 0; k < ExpenseReportData.m_columns.length; k++) {
      TableCellRenderer renderer;
      if (k==ExpenseReportData.COL_APPROVED)
        renderer = new CheckCellRenderer();
      else {
        DefaultTableCellRenderer textRenderer = 
          new DefaultTableCellRenderer();
        textRenderer.setHorizontalAlignment(
          ExpenseReportData.m_columns[k].m_alignment);
        renderer = textRenderer;
      }

      TableCellEditor editor;

      if (k==ExpenseReportData.COL_CATEGORY)
        editor = new DefaultCellEditor(new JComboBox(
          ExpenseReportData.CATEGORIES));
      else if (k==ExpenseReportData.COL_APPROVED)
        editor = new DefaultCellEditor(new JCheckBox());
      else
        editor = new DefaultCellEditor(new JTextField());

      TableColumn column = new TableColumn(k, 
        ExpenseReportData.m_columns[k].m_width, 
          renderer, editor);
        m_table.addColumn(column);
    }

    JTableHeader header = m_table.getTableHeader();
    header.setUpdateTableInRealTime(false);

    JScrollPane ps = new JScrollPane();
    ps.setSize(550, 150);
    ps.getViewport().add(m_table);
    getContentPane().add(ps, BorderLayout.CENTER);

    JPanel p = new JPanel();
    p.setLayout(new BoxLayout(p, BoxLayout.X_AXIS));

    ImageIcon penny = new ImageIcon("penny.gif");
    m_title = new JLabel("Total: $", 
      penny, JButton.LEFT);
    m_title.setForeground(Color.black);

 m_title.setAlignmentY(0.5f);
    p.add(m_title);
    p.add(Box.createHorizontalGlue());

    JButton bt = new JButton("Insert before");
    bt.setMnemonic('b');
    bt.setAlignmentY(0.5f);
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        int row = m_table.getSelectedRow();
        m_data.insert(row);
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        m_table.tableChanged(new TableModelEvent(
          m_data, row, row, TableModelEvent.ALL_COLUMNS, 
          TableModelEvent.INSERT)); 

    m_table.repaint();
      }
    };
    bt.addActionListener(lst);
    p.add(bt);

    bt = new JButton("Insert after");
    bt.setMnemonic('a');
    bt.setAlignmentY(0.5f);
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        int row = m_table.getSelectedRow();
        m_data.insert(row+1);
        m_table.tableChanged(new TableModelEvent(
          m_data, row+1, row+1, TableModelEvent.ALL_COLUMNS,
          TableModelEvent.INSERT)); 
        m_table.repaint();
     }

    };
    bt.addActionListener(lst);
    p.add(bt);

    bt = new JButton("Delete row");
    bt.setMnemonic('d');
    bt.setAlignmentY(0.5f);
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        int row = m_table.getSelectedRow();
        if (m_data.delete(row)) {
          m_table.tableChanged(new TableModelEvent(
            m_data, row, row, TableModelEvent.ALL_COLUMNS,
            TableModelEvent.INSERT)); 
          m_table.repaint();
          calcTotal();
        }
      }
    };
    bt.addActionListener(lst);
    p.add(bt);

    getContentPane().add(p, BorderLayout.SOUTH);

    calcTotal();

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {

    System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  public void calcTotal() {
    double total = 0;
    for (int k=0; k<m_data.getRowCount(); k++) {
      Double amount = (Double)m_data.getValueAt(k, 

    ExpenseReportData.COL_AMOUNT);
      total += amount.doubleValue();
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    }
    m_title.setText("Total: $"+total);
  }

  public static void main(String argv[]) {
    new ExpenseReport();
  }
}

class CheckCellRenderer extends JCheckBox implements TableCellRenderer
{
  protected static Border m_noFocusBorder;

  public CheckCellRenderer() {
    super();
    m_noFocusBorder = new EmptyBorder(1, 2, 1, 2);
    setOpaque(true);
    setBorder(m_noFocusBorder);
  }

  public Component getTableCellRendererComponent(JTable table,
   Object value, boolean isSelected, boolean hasFocus, 
   int row, int column) 
  {
    if (value instanceof Boolean) {
      Boolean b = (Boolean)value;
      setSelected(b.booleanValue());
    }

    setBackground(isSelected && !hasFocus ? 
      table.getSelectionBackground() : table.getBackground());
    setForeground(isSelected && !hasFocus ? 
      table.getSelectionForeground() : table.getForeground());

    setFont(table.getFont());
    setBorder(hasFocus ? UIManager.getBorder(
      "Table.focusCellHighlightBorder") : m_noFocusBorder);

    return this;
  }
}

class ExpenseData
{
  public Date    m_date;
  public Double  m_amount;
  public Integer m_category;
  public Boolean m_approved;
  public String  m_description;

public ExpenseData() {
    m_date = new Date();
    m_amount = new Double(0);
    m_category = new Integer(1);
    m_approved = new Boolean(false);
    m_description = "";
  }

  public ExpenseData(Date date, double amount, int category, 
   boolean approved, String description) 
  {
    m_date = date;
    m_amount = new Double(amount);
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    m_category = new Integer(category);
    m_approved = new Boolean(approved);
    m_description = description;
  }
}

class ColumnData
{
  public String  m_title;
  int m_width;
  int m_alignment;

  public ColumnData(String title, int width, int alignment) {
    m_title = title;
    m_width = width;
    m_alignment = alignment;
  }
}

class ExpenseReportData extends AbstractTableModel 
{
  public static final ColumnData m_columns[] = {
    new ColumnData( "Date", 80, JLabel.LEFT ),
    new ColumnData( "Amount", 80, JLabel.RIGHT ),
    new ColumnData( "Category", 130, JLabel.LEFT ),
    new ColumnData( "Approved", 80, JLabel.LEFT ),
    new ColumnData( "Description", 180, JLabel.LEFT )
  };

  public static final int COL_DATE = 0;
  public static final int COL_AMOUNT = 1;
  public static final int COL_CATEGORY = 2;
  public static final int COL_APPROVED = 3;
  public static final int COL_DESCR = 4;

  public static final String[] CATEGORIES = {
    "Fares", "Logging", "Business meals", "Others"
  };

  protected ExpenseReport m_parent;
  protected SimpleDateFormat m_frm;
  protected Vector m_vector;

  public ExpenseReportData(ExpenseReport parent) {
    m_parent = parent;

 m_frm = new SimpleDateFormat("MM/dd/yy");
    m_vector = new Vector();
    setDefaultData();
  }

  public void setDefaultData() {
    m_vector.removeAllElements();
    try {
      m_vector.addElement(new ExpenseData(
      m_frm.parse("04/06/99"), 200, 0, true, 
        "Airline tickets"));
      m_vector.addElement(new ExpenseData(
        m_frm.parse("04/06/99"), 50,  2, false, 
        "Lunch with client"));
      m_vector.addElement(new ExpenseData(
        m_frm.parse("04/06/99"), 120, 1, true, 

    "Hotel"));
    }
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    catch (java.text.ParseException ex) {}
  }

  public int getRowCount() {
    return m_vector==null ? 0 : m_vector.size(); 
  }

  public int getColumnCount() { 
    return m_columns.length; 
  } 

  public String getColumnName(int column) { 
    return m_columns[column].m_title; 
  }

  public boolean isCellEditable(int nRow, int nCol) {
    return true;
  }

  public Object getValueAt(int nRow, int nCol) {
    if (nRow < 0 || nRow>=getRowCount())
      return "";
    ExpenseData row = (ExpenseData)m_vector.elementAt(nRow);
    switch (nCol) {
      case COL_DATE: return m_frm.format(row.m_date);
      case COL_AMOUNT: return row.m_amount;
      case COL_CATEGORY: return CATEGORIES[row.m_category.intValue()];
      case COL_APPROVED: return row.m_approved;
      case COL_DESCR: return row.m_description;
    }
    return "";
  }

  public void setValueAt(Object value, int nRow, int nCol) {
    if (nRow < 0 || nRow>=getRowCount())
      return;
    ExpenseData row = (ExpenseData)m_vector.elementAt(nRow);
    String svalue = value.toString();

    switch (nCol) {
      case COL_DATE: 
        Date  date = null;
        try { 
          date = m_frm.parse(svalue); 
        }
        catch (java.text.ParseException ex) { 
          date = null;
        }
        if (date == null) {
          JOptionPane.showMessageDialog(null, 
            svalue+" is not a valid date",
            "Warning", JOptionPane.WARNING_MESSAGE);
          return;
        }
        row.m_date = date; 
        break;
      case COL_AMOUNT:
        try { 
          row.m_amount = new Double(svalue); 
        }
        catch (NumberFormatException e) { break; }
        m_parent.calcTotal();
        break;
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      case COL_CATEGORY:
        for (int k=0; k<CATEGORIES.length; k++)
          if (svalue.equals(CATEGORIES[k])) {
            row.m_category = new Integer(k);
            break;
          }
        break;
      case COL_APPROVED:
        row.m_approved = (Boolean)value; 
        break;
      case COL_DESCR:

   row.m_description = svalue; 
        break;
    }
  }

  public void insert(int row) {
    if (row < 0)
      row = 0;
    if (row > m_vector.size())
      row = m_vector.size();
    m_vector.insertElementAt(new ExpenseData(), row);
  }

  public boolean delete(int row) {
    if (row < 0 || row >= m_vector.size())
      return false;
    m_vector.remove(row);
      return true;
  }
}

Understanding the Code

Class ExpenseReport

ClassExpenseReport extends JFrame and defines three instance variables:

JTable m_table: table to edit data.

ExpenseReportData m_data: data model for this table.

JLabel m_total: label to dynamically display total amount of expenses.

TheExpenseReport constructorfirstinstantiatesourtablemodel,m_data,and then instantiatesourtable,
m_table.Theselectionmodeissettosingleselectionandweiteratethroughthenumberofcolumnscreating
cellrenderersand editorsbased on each specific column.The “Approved” column usesan instance ofour
custom CheckCellRenderer classasrenderer.AllothercolumnsuseaDefaultTableCellRenderer.
All columns also use a DefaultCellEditor. However, the component used for editing varies: the
“Category” column usesaJComboBox,the “Approved” column usesa JCheckBox,and allothercolumns
use a JTextField. These components are passed to the DefaultTableCellRenderer constructor. 

Severalcomponents are added to the bottom ofourframe:JLabel m_total,used to display the total
amountofexpenses,and three JButtons used to manipulate tables rows.(Note thatthe horizontalglue
component added betweenthelabelandthebuttonpushesbuttonstotherightsideofthepanel,sotheyremain
glued to the right when our frame is resized.)

Thesethreebuttons,titled “Insertbefore,” “Insertafter,” and “Delete row,” behave astheirtitlesimply.The
firsttwo use theinsert() method from the ExpenseReportData modelto inserta new row before or
afterthe currently selected row.The lastone deletes the currently selected row by calling the delete()
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method.In all cases the modified table is updated and repainted.

M ethodcalcTotal() calculates the total amountofexpensesincolumnCOL_AMOUNT usingourtable'sdata
model,m_data.

Class CheckCellRenderer

Sinceweusecheck boxesto editourtable’s“Approved” column,to beconsistentwealso need to usecheck
boxesforthatcolumn’scellrenderer(recallthatcellrenderersjustactas“rubberstamps” and are notatall
interactive).Theonly GUIcomponentwhich can beused in theexistingDefaultTableCellRenderer is
JLabel,so wehaveto provideourown implementation oftheTableCellRenderer interface.Thisclass,
CheckCellRenderer,usesJCheckBox asasuper-class.Itsconstructorsetstheborderto indicatewhether
the component has the focus and sets its opaquepropertytotrue toindicatethatthecomponent’sbackground
will be filled with the background color.

The only method which must be implemented in the TableCellRenderer interface is
getTableCellRendererComponent().This method willbe called each time the cellis aboutto be
rendered to deliver new data to the renderer. It takes six parameters:

JTable table: reference to table instance.

Object value: data object to be sent to the renderer.

boolean isSelected:true if the cell is currently selected.

boolean hasFocus:true if the cell currently has the focus.

int row: cell's row.

int column: cell's column.

Ourimplementation setswhethertheJCheckBox ischecked depending on thevalue passed asBoolean.
Then itsetsthe background,foreground,font,and borderto ensure thateach cellin the table hasa similar
appearance.

Class ExpenseData

ClassExpenseData representsa single row in the table.Itholdsfive variablescorresponding to ourdata
structure described in the beginning of this section.

Class ColumnData

ClassColumnData holds each column’s title, width, and header alignment.

Class ExpenseReportData

ExpenseReportData extendsAbstractTableModel and should look somewhatfamiliarfrom previous
examples in this chapter (e.g.StockTableData),so we willnotdiscuss this class in complete detail.
However,we need to take a closerlook atthesetValueAt() method,which isnew forthisexample (all
previousexamplesdid notacceptnew data).Thismethod iscalled each time an editismade to a tablecell.
First we determine which ExpenseData instance (table’s row) is affected, and if it is invalidwesimplyreturn.
Otherwise,depending on the column ofthe changed cell,we define severalcasesin aswitch structure to
accept and store a new value, or to reject it:

Forthe “Date” column the inputstring is parsed using ourSimpleDateFormat instance.Ifparsing is
successful, a new date is saved as a Date object, otherwise an error message is displayed.

Forthe “Amount” column the inputstring is parsed as a Double and stored in the table ifparsing is
successful. Also a new total amount is recalculated and displayed in the “Total” JLabel.
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Forthe “Category” column theinputstring isplaced in theCATEGORIES array atthecorresponding index
and is stored in the table model.

For the “Approved” column the input object is cast to a Boolean and stored in the table model.

For the “Description” column the input string is directly saved in our table model.

Running the Code

Tryediting differentcolumnsand notehow thecorresponding celleditorswork.Experimentwith adding and
removing table rowsand note how the totalamountisupdated each time the“Amount” column isupdated.
Figure 18.8 shows ExpenseReport with a combo box opened to change a cell’svalue.

18.9 A JavaBeans property editor
Now thatwe'refamiliarwiththetableAPIwecancompletetheJavaBeanscontainerintroducedinthechapter
4andgiveitthecapabilitytoeditthepropertiesofJavaBeans.Thisdramaticallyincreasesthepossibleusesof
our simple container and makes it a quite powerful tool for studying JavaBeans.
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Figure 18.8 BeanContainer JavaBeans property editor using JTables as editing form s.

<<file figure18-8.gif>>

The Code: BeanContainer.java
see\Chapter18\8

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.beans.*;
import java.lang.reflect.*;
import java.util.*;

import javax.swing.*;
import javax.swing.table.*;
import javax.swing.event.*;

import dl.*;
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public class BeanContainer extends JFrame implements FocusListener
{
  protected Hashtable m_editors = new Hashtable();

  // Unchanged code from section 4.7

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 4.7

    JMenu mEdit = new JMenu("Edit");
    mItem = new JMenuItem("Delete");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        if (m_activeBean == null)
          return;
        Object obj = m_editors.get(m_activeBean);
        if (obj != null) {
          BeanEditor editor = (BeanEditor)obj;
          editor.dispose();
          m_editors.remove(m_activeBean);
        }
        getContentPane().remove(m_activeBean);
        m_activeBean = null;
        validate();
        repaint();
      }
    };
    mItem.addActionListener(lst);
    mEdit.add(mItem);

    mItem = new JMenuItem("Properties...");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        if (m_activeBean == null)
          return;
        Object obj = m_editors.get(m_activeBean);
        if (obj != null) {
          BeanEditor editor = (BeanEditor)obj;
          editor.setVisible(true);
          editor.toFront();
        }
        else {
          BeanEditor editor = new BeanEditor(m_activeBean);
          m_editors.put(m_activeBean, editor);
        }
      }
    };
    mItem.addActionListener(lst);
    mEdit.add(mItem);
    menuBar.add(mEdit);

    // Unchanged code from section 4.7

    return menuBar;
  }

  // Unchanged code from section 4.7
}

class BeanEditor extends JFrame implements PropertyChangeListener
{
  protected Component m_bean;



136

  protected JTable m_table;
  protected PropertyTableData m_data;

  public BeanEditor(Component bean) {
    m_bean = bean;
    m_bean.addPropertyChangeListener(this);

    Point pt = m_bean.getLocationOnScreen();
    setBounds(pt.x+50, pt.y+10, 400, 300);
    getContentPane().setLayout(new BorderLayout());

    m_data = new PropertyTableData(m_bean);
    m_table = new JTable(m_data);

    JScrollPane ps = new JScrollPane();
    ps.getViewport().add(m_table);
    getContentPane().add(ps, BorderLayout.CENTER);

    setDefaultCloseOperation(HIDE_ON_CLOSE);
    setVisible(true);
  }

  public void propertyChange(PropertyChangeEvent evt) {
    m_data.setProperty(evt.getPropertyName(), evt.getNewValue());
  }

  class PropertyTableData extends AbstractTableModel 
  {
    protected String[][] m_properties;
    protected int m_numProps = 0;
    protected Vector m_v;

    public PropertyTableData(Component bean) {
      try {
        BeanInfo info = Introspector.getBeanInfo(
          m_bean.getClass());
        BeanDescriptor descr = info.getBeanDescriptor();
        setTitle("Editing "+descr.getName());
        PropertyDescriptor[] props = info.getPropertyDescriptors();
        m_numProps = props.length;

        m_v = new Vector(m_numProps);
        for (int k=0; k<m_numProps; k++) {
          String name = props[k].getDisplayName();
          boolean added = false;
          for (int i=0; i<m_v.size(); i++) {
            String str = ((PropertyDescriptor)m_v.elementAt(i)).
              getDisplayName();
            if (name.compareToIgnoreCase(str) < 0) {
              m_v.insertElementAt(props[k], i);
              added = true;
              break;
            }
          }

      if (!added)
            m_v.addElement(props[k]);
        }

        m_properties = new String[m_numProps][2];
        for (int k=0; k<m_numProps; k++) {
          PropertyDescriptor prop = 
            (PropertyDescriptor)m_v.elementAt(k);

 m_properties[k][0] = prop.getDisplayName();
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          Method mRead = prop.getReadMethod();
          if (mRead != null && 
           mRead.getParameterTypes().length == 0) {
            Object value = mRead.invoke(m_bean, null);
            m_properties[k][1] = objToString(value);
          }
          else
            m_properties[k][1] = "error";
        }
      }
      catch (Exception ex) {
        ex.printStackTrace();
        JOptionPane.showMessageDialog(
          BeanEditor.this, "Error: "+ex.toString(),
          "Warning", JOptionPane.WARNING_MESSAGE);
      }
    }

    public void setProperty(String name, Object value) {
      for (int k=0; k<m_numProps; k++)
        if (name.equals(m_properties[k][0])) {
          m_properties[k][1] = objToString(value);
          m_table.tableChanged(new TableModelEvent(this, k)); 
          m_table.repaint();
          break;
        }
    }

    public int getRowCount() { return m_numProps; }

    public int getColumnCount() { return 2; } 

    public String getColumnName(int nCol) { 
      return nCol==0 ? "Property" : "Value";
    }

    public boolean isCellEditable(int nRow, int nCol) { 
       return (nCol==1);
    }

    public Object getValueAt(int nRow, int nCol) {
      if (nRow < 0 || nRow>=getRowCount())
        return "";
      switch (nCol) {
        case 0: return m_properties[nRow][0];
        case 1: return m_properties[nRow][1];
      }
      return "";
    }

    public void setValueAt(Object value, int nRow, int nCol) {
      if (nRow < 0 || nRow>=getRowCount())
        return;
      String str = value.toString();
      PropertyDescriptor prop = (PropertyDescriptor)m_v.
        elementAt(nRow);
      Class cls = prop.getPropertyType();
      Object obj = stringToObj(str, cls);
      if (obj==null)
        return;        // can't process

      Method mWrite = prop.getWriteMethod();
      if (mWrite == null || mWrite.getParameterTypes().length != 1)
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        return;
      try {
        mWrite.invoke(m_bean, new Object[]{ obj });

     m_bean.getParent().doLayout();
        m_bean.getParent().repaint();
        m_bean.repaint();
      }
      catch (Exception ex) {
        ex.printStackTrace();
        JOptionPane.showMessageDialog(
          BeanEditor.this, "Error: "+ex.toString(),
          "Warning", JOptionPane.WARNING_MESSAGE);
      }
      m_properties[nRow][1] = str;
    }

    public String objToString(Object value) {
      if (value==null)
        return "null";
      if (value instanceof Dimension) {
        Dimension dim = (Dimension)value;
        return ""+dim.width+","+dim.height;
      }
      else if (value instanceof Insets) {
        Insets ins = (Insets)value;
        return ""+ins.left+","+ins.top+","+ins.right+","+ins.bottom;
      }
      else if (value instanceof Rectangle) {
        Rectangle rc = (Rectangle)value;
        return ""+rc.x+","+rc.y+","+rc.width+","+rc.height;
      }
      else if (value instanceof Color) {
        Color col = (Color)value;
        return ""+col.getRed()+","+col.getGreen()+","+col.getBlue();
      }
      return value.toString();
    }

    public Object stringToObj(String str, Class cls) {
      try {
        if (str==null)
          return null;
        String name = cls.getName();
        if (name.equals("java.lang.String"))
         return str;

        else if (name.equals("int"))
          return new Integer(str);
        else if (name.equals("long"))
          return new Long(str);
        else if (name.equals("float"))
          return new Float(str);
        else if (name.equals("double"))
          return new Double(str);
        else if (name.equals("boolean"))
          return new Boolean(str);
        else if (name.equals("java.awt.Dimension")) {
          int[] i = strToInts(str);
          return new Dimension(i[0], i[1]);
        }
        else if (name.equals("java.awt.Insets")) {
          int[] i = strToInts(str);
          return new Insets(i[0], i[1], i[2], i[3]);
        }
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        else if (name.equals("java.awt.Rectangle")) {
          int[] i = strToInts(str);
          return new Rectangle(i[0], i[1], i[2], i[3]);
        }
        else if (name.equals("java.awt.Color")) {
          int[] i = strToInts(str);
          return new Color(i[0], i[1], i[2]);
        }
        return null;    // not supported

}
      catch(Exception ex) { return null; }
    }

    public int[] strToInts(String str) throws Exception {
      int[] i = new int[4];
      StringTokenizer tokenizer = new StringTokenizer(str, ",");
      for (int k=0; k<i.length && 
       tokenizer.hasMoreTokens(); k++)
        i[k] = Integer.parseInt(tokenizer.nextToken());
      return i;
    }
  }
}

Understanding the Code

Class BeanContainer

This class (formerly BeanContainer from section 4.7) has received a new collection,Hashtable
m_editors,addedasaninstancevariable.ThisHashtable holdsreferencestoBeanEditor frames(used
to edit beans, see below) as values and the corresponding Components being edited as keys.

A new menuitem titled“Properties...” isaddedtothe“Edit” menu.Thisitem isusedtocreateanew editorfor
theselected bean oractivatean existing one (ifany).The attachedActionListener looksforan existing
BeanEditor corresponding to the currently selected m_activeBean component in the m_editors
collection.Ifsuch aneditorisfound itismadevisibleand broughtto thefront.Otherwise,anew instanceof
BeanEditor is created to edit the currently active m_activeBean component, and is added to the
m_editors collection.

The ActionListener attached to menu item “Delete,” which removes the currently active component,
receivesadditionalfunctionality.The added code looksforan existing BeanEditor corresponding to the
currently selected m_activeBean componentin them_editors collection.Ifsuch an editorisfound it is
disposed and its’ reference is removed from the hashtable.

Class BeanEditor

ThisclassextendsJFrame and implements the PropertyChangeListener interface. BeanEditor is
used to display and edit the properties exposed by a given JavaBean. Three instance variables are declared:

Component m_bean: JavaBean component to be edited.

JTable m_table: table component to display a bean’s properties.

PropertyTableData m_data: table model for m_table.

The BeanEditor constructortakes a reference to the JavaBean componentto be edited,and stores itin
instancevariablem_bean.Theinitiallocation oftheeditorframeisselected depending on thelocation ofthe
component being edited.
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The table component,m_table,iscreated and added to a JScrollPane to provide scrolling capabilities.
Note thatwe do notadd a WindowListener to thisframe.Instead we use the HIDE_ON_CLOSE default
close operation (see chapter 3):

        setDefaultCloseOperation(HIDE_ON_CLOSE);
        setVisible(true);

Uponclosing,thisframewillbehiddenbutnotdisposed.Its’ referencewillstillbepresentinthem_editors
collection,and thisframewillbere-activated iftheuserchoosesto seethepropertiesoftheassociated bean
again.

Note that an instance of the BeanEditor class is added as a PropertyChangeListener to the
corresponding bean being edited.ThepropertyChange() method isinvoked ifthe bean haschanged it's
stateduring editing and aPropertyChangeEvent hasbeen fired.Thismethod simply triggersacallto the
setProperty() method of the table model.

Class BeanEditor.PropertyTableData

PropertyTableData extendsAbstractTableModel and providesthetablemodelforeach bean editor.
Three instance variables are declared:

String[][] m_properties: an array of data displayed in the table.

int m_numProps: number of a bean properties (corresponds to the number of rows in the table).

Vector m_v: collection of PropertyDescriptor objects sorted in alphabetical order.

TheconstructorofthePropertyTableData classtakesagiven bean instanceand retrievesit'sproperties.
First it uses the Introspector.getBeanInfo() method to get a BeanInfo instance:

      BeanInfo info = Introspector.getBeanInfo(
        m_bean.getClass());
      BeanDescriptor descr = info.getBeanDescriptor();

setTitle("Editing "+descr.getName());
      PropertyDescriptor[] props = info.getPropertyDescriptors();
      m_numProps = props.length;

Thisprovidesuswith allavailable information abouta bean (see chapter2).W e determine the bean'sname
and use itas the editorframe's title (note thatthis is an innerclass,so setTitle() refers to the parent
BeanEditor instance). W e then extract an array of PropertyDescriptors which will provideuswiththe
actual information about a bean's properties.

Bean propertiesaresorted by name in alphabeticalorder.The name ofeach property isdetermined with the
getDisplayName() method. The sorted PropertyDescriptors are stored in our m_v Vector
collection.Then wecan createthe 2-dimensionalarray,m_properties,which holdsdatato bedisplayed in
the table.Thisarray hasm_numProps rowsand 2 columns(forproperty name and value).To determine a
property’svalueweneed to obtain areferenceto itsgetXX() method withgetReadMethod() and makea
callusing thereflection API.W ecan callonly getXX() methodswithoutparameters(since we don’tknow
anything aboutthese parameters).Note thatourobjToString() helpermethod is invoked to translate a
property’svalue into a display string (see below).

ThesetProperty() method searchesforthegiven namein the 0-th column ofthem_properties array.
If such a property is found this method sets it’s new value and updates the table component.

Severalothersimple methodsincluded in thisclasshave already been presented in previous examples and
need not be explainedagainhere.However,notethattheisCellEditable() methodreturnstrue onlyfor
cells in the second column (property names, obviously, cannot be changed).
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The setValueAt() method deservesadditionalexplanation because itnotonly savesthe modified data in
the table model,butitalso sendsthese modificationsto the bean componentitself.To do thiswe obtain a
PropertyDescriptor instance stored in the m_v Vector collection.The modified property value is
alwaysaString,so firstweneed to convertitinto itsproperobjecttypeusing ourstringToObj() helper
method (if we can do this, see below). If the conversion succeeds (i.e. the result is not null), we can continue.

To modify a bean value we determine the reference to it's setXX()method (corresponding to a certain
property)and invoke it.Note thatan anonymous array containing one elementis used as parameter(these
constructionsare typicalwhen dealing with the reflection API).Then the bean componentand it'scontainer
(which can also beaffected bychangesin such propertiesassizeand color)arerefreshed to reflectthebean’s
new property value. Finally, if the above procedures were successful, we store the new value in the
m_properties data array.

TheobjToString() helpermethod convertsagiven Object into aString suitableforediting.In many
casesthetoString() method returnsalong string starting with theclassname.Thisisnotveryappropriate
for editable data values.So for severalclasses we provide our own conversion into a string of comma-
delimited numbers.Forinstance a Dimension objectis converted into a “width,height” form,Color is
convertedinto “red,green,blue” form,etc.Ifnospecialimplementationisprovided,anobject'stoString()
string is returned.

The stringToObj() helpermethod convertsa given String into an Object ofthe given Class.The
class'snameisanalyzed and aconversion method ischosen to build the correcttype ofobjectbased on this
name.ThesimplestcaseistheString class:wedon'tneed to do any conversion atallin thiscase.Forthe
primitive data types such asint orboolean we return the corresponding encapsulating (wrapperclass)
objects.Forthe severalclasseswhich receive specialtreatmentin the objToString() method (such asa
Dimension orColor object),we parse the comma-delimited string ofnumbers and constructthe proper
object.Forallotherclasses (orifa parsing exception occurs)we return null to indicate thatwe cannot
perform the required conversion.

Running the Code

Figure18.9showstheBeanContainer containerandtwoeditingframesdisplayingthepropertiesofClock
and JButton components.Thisapplication providesasimplebutpowerfultoolforinvestigating Swing and
AW T componentsaswellascustom JavaBeans.W ecanseeallexposed propertiesand modifymanyofthem.
If acomponent’spropertieschangeasaresultofuserinteraction,ourcomponentproperlynotifiesits’ listeners
and weseean automaticeditortable update.Try serializing a modified componentand restoring itfrom its’
file. Note how the previouslymodified properties are saved as expected.

It is natural to imagine using this example as a base for constructing a custom Swing IDE (Interface
DevelopmentEnvironment).BeanContainer,combinedwiththecustom resizeedgecomponentsdeveloped
in chapters 15 and 16, provides a fairly powerful base to work from.
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Chapter 19. Inside Text Components
In this chapter:

• Text package overview

• Date and time editor by David M . Karr

19.1 Text package overview
A truly exhaustivediscussion ofthetextpackageisbeyond thescopeofthisbook.1 However,in thischapter
we hope to provide enough information abouttextcomponents,andtheirunderlyingconstituents,toleaveyou
with a solid understanding oftheirinnerworkings.Picking up where chapter11 leftoff,we continue our
discussion ofthemostsignificantaspectsofthetextpackageclassesand interfaces.2 Thischapterconcludes
with an example ofa custom textfield used forseveralvariations ofdate and time selection.In the next
chapter,we continue ourstudy oftextcomponentswith the developmentofa full-featured word processor
application.The examplesin chapter20 demonstrate practicalapplications ofmany ofthe complex topics
covered in this chapter.

19.1.1 M ore about JTextComponent

abstract class javax.swing.text.JTextComponent

Associated with each JTextComponent is a set of Actions which are normally bound to specific
KeyStrokes (see 2.13)and managed in a hierarchically resolving setof Keymaps (see 19.1.23).W e can
retrieve a textcomponent’s Actions as an array with the getActions() m ethod.W e can retrieve and
assign a new Keymap with getKeymap() and setKeymap() respectively.

All text components share a set of default Actions. Each of these Actions are instances of TextAction by
default(see19.1.24).JTextComponent providesaprivatestatic EditorKit (see19.1.25)which consists
ofasetoffourpre-builtTextActionsshared by alltextcomponentsthrough theuseofadefaultKeymap
instance (see 19.1.26).

JTextComponent m aintainsaprivatereferenceto thetextcomponentthatmostrecently had the keyboard
focus.TextActions are designed to take advantage ofthis,and each TextAction willoperate on this
component when invoked in the event that the source of the invoking event is not a text component.

Document contentis structured hierarchically by Element implementations (see 19.1.9).Each Element
m aintainsasetofattributesencapsulated in implementationsofthe AttributeSet interface(see19.1.12).
M anyElements alsocontainoneormorechild Elements.Attributesthatapplytooneelementalso applyto
allchild Elements,butnotvice versa.Each Element has an associated startand end Position (see
19.1.6).

1 The html, html.parser, and rtf packages were still under construction at the time of this writing. Due to their 
complexity, as well as space and time constraints placed on this book, we decided that detailed coverage of these 
packages would best be left for a future edition.
2 If, after reading this chapter, you require a more thorough treatment of the text package, we recommend Java
Swing, by Robert Eckstein, M arc Loy, and Dave W ood, O’Reilly & Associates, 1998. This book includes roughly
300 pages of detailed class and interface descriptions. In particular, the discussion of Views and EditorKits provides 
indispensable knowledge for any developer working on support for a custom content type.
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AttributeSetscan be applied manually to a region oftext.However,itisoften more convenientto use
Styles (see 19.1.14).Styles are AttributeSet implementations thatwe do notinstantiate directly.
Rather,Stylesarecreated and maintained by instancesofStyleContext (see19.1.16),and each Style
has an associated name allowing easy reference. StyleContext also provides a means for sharing
AttributeSets across a documentor possibly multiple documents,and is particularly usefulin large
documents.

Thecursorofatextcomponentisdefined by implementationsofthe Caret interface(see19.1.19).W ecan
retrievethecurrentCaret with getCaret(),andassignanew onewith setCaret().A textcomponent’s
Caret is instantiated (but not maintained) by its UI delegate. So when the L&F of a particular text component 
changes,the Caret in usewillalso change.JTextComponent supportstheaddition ofCaretListeners
that will receive CaretEvents whenever the position of the Caret changes.

Text components also support an arbitrary number of highlights through implementations of the
Highlighter interface(see 19.1.17).Highlightersare mostoften used to indicate a specific selection.
They can also be used formany otherthingssuch asmarking new textadditions.Highlighter m aintains
each highlighted region asan implementation ofHighligher.Highlight,and each Highlight can be
rendered using a Highlighter.HighlightPainter implementation.As with Carets,a text area’s
Highlighter isinstantiated by itsUIdelegate.W ecan assign/retrieveatextcomponent’sHighlighter
withsetHighlighter() and getHighlighter() respectively.

JTextComponent also maintainsa bound focusAccelerator property,aswe discussed in chapter11,
which isa char thatisused to transferfocusto a textcomponentwhen the corresponding key ispressed
simultaneously with the ALT key.JTextComponent defines a private Action called focusAction whose 
actionPerformed() m ethod callsrequestFocus().Initially focusAction isnotattached to thetext
component(thatis,itisturned off). To activateitweusethe setFocusAccelerator() m ethod.Sending
‘\0’ to the setFocusAccelerator() m ethod turnsitoff.Internally,thismethod searches through all
registered KeyStrokes and checks whether any are associated with focusAction, using the
getActionForKeyStroke() m ethod. If any are found they are unregistered, using the
unregsiterKeyboardAction() m ethod of JComponent.Finally the character passed in is used to
constructa KeyStroke to registerand associate with focusAction.Thisaction isregistered such thatit
will be invoked whenever the top-level window containing the given text component has the focus:

    // from JTextComponent.java
    registerKeyboardAction(
      focusAction,KeyStroke.getKeyStroke(aKey,ActionEvent.ALT_MASK),
      JComponent.WHEN_IN_FOCUSED_WINDOW);

Eachtextcomponentusesasub-classofBasicTextUI asitsUIdelegate.Aswementionedabove,eachtext
componentalso hasan EditorKit forstoring Actions.ThisEditorKit isreferenced bytheUIdelegate.
JTextField and JTextArea havedefaulteditorkitsassigned by theUIdelegate,whereas JEditorPane
andJTextPane maintain their own editor kits independent of their UI delegate. 

Unlike mostSwing components,a textcomponent’s UI delegate does notdirectly define how thattext
componentisrendered and laid out.Rather,itimplementsthe ViewFactory interface (see 19.1.29)which
requiresthe implementation ofone method:create(Element e).Thismethod returnsa View instance
(see 19.1.28)responsible forrendering the given Element.Each Element hasan associated View thatis
usedtorenderit.Therearemanydifferentviewsprovided in thetextpackage,and itisrarethatwewillneed
to implement our own (although this is certainly possible). JTextArea, JTextField, and
JPasswordField havespecific Viewsreturned by theirUIdelegate’screate() m ethod.JEditorPane
andJTextPane Views are created by the current EditorKit.

W ecan retrievea Point location in thecoordinatesystem ofatextcomponentcorresponding to acharacter
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offset with JTextComponent’s viewToModel() m ethod. Similarly, we can retrieve a Rectangle
instance describing the size and location ofthe View responsible forrendering an Element occupying a
given character offset with modelToView().

JTextComponent’smargin property specifies the space tousebetweenitsborderanditsdocumentcontent.
Also note thatstandard clipboard operationscan be programmatically performed with the cut(),copy(),
andpaste() methods.

19.1.2 The Document interface

abstract interface javax.swing.text.Document

In M VC terms,themodelofatextcomponentcontainsthetextitself,and theDocument interfacedescribes
this model. A hierarchical set of Elements (see 19.1.9) define the structure ofa Document.EachDocument
contains one or more root Elements,potentiallyallowingmorethanonewayofstructuringthesamecontent.
M ostdocumentsonly have one structure,and hence one rootelement.This elementcan be accessed with
getDefaultRootElement().Allrootelements,including the defaultrootelement,are accessible with
getRootElements(), which returns an Element array.

Note:W ewillnotdiscussthedetailsofmaintaining multiplestructures,asthisisvery rarely desired.SeetheAPI
docs for examples of situations in which multiple structures might be useful.

Documentsmaintain two Positionswhich keep track ofthe beginning and end positionsofthe content.
These can be accessed with getStartPosition() and getEndPosition() respectively.Documents
also maintain a length property,accessible with getLength(),thatmaintainsthe numberofcontained
characters.

TheDocument interfacedeclaresmethodsforadding and removing DocumentListeners(see19.1.8),for
notification of any content changes, and UndoableEditListeners (allowing easy access to built-in
undo/redo support -- refer back to chapter 11 for an example of adding undo/redo support to a text area). 

M ethodsforretrieving,inserting,and removing contentarealso declared:getText(),insertString(),
and remove().Each ofthesethrowsa BadLocationException ifan illegal(i.e.nonexistent)location in
thedocumentisspecified.The insertString() m ethod requiresan AttributeSet instance describing
theattributesto applyto thegiven text (null can beused forthisparameter).Plain textcomponentswillnot
pay any attention to thisattributeset.Textcomponents using a StyledDocument instancemostlikely will
pay attention to these attributes.

The createPosition() m ethod isintended forinserting a Position instance ata given index,and the
putProperty() and getProperty() methods aremeanttoinsertandretrievevariouspropertiesstoredin
an internal collection.

Therender() m ethod isunique.Ittakesa Runnable asparameter,and isintended to ensurethread safety
by notallowing documentcontentto changewhilethatRunnable isrunning.Thismethod isused by each
text component’s UI delegate during painting.

19.1.3 The StyledDocument interface

abstract interface javax.swing.StyledDocument

This interface extends the Document interface to add functionality for working with Styles and other
AttributeSets. Implementations are expected to maintain a collection of Style implementations.This
interfacealso declaresthenotion ofcharacterand paragraph attributes,and logicalstyles.W hatthesemean is
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specific to each StyledDocument implementation (we will discuss these more when we talk about
DefaultStyledDocument in 19.1.11).

ThesetCharacterAttributes() m ethod isintended to assign agiven setofattributesto agiven range
ofdocumentcontent.A boolean parameterisalso required which ismeantto specify whetherornotpre-
existing attributes of the affected contentshould be overwritten (true) or merged (false -- only new
attributes are assigned). The setParagraphAttributes() m ethod should work the same as
setCharacterAttributes(),butis meantto apply to the numberofparagraphs spanned by a given
range of content. The getFont(), getBackground(), and getForeground() m ethods take an
AttributeSet parameter,and areintended to beused forconvenientaccessto thecorresponding attribute
in the given set (if it exists).

StyledDocuments are meant to allow addition, removal, and retrieval of Styles from an internalcollection
ofStyles.The addStyle() m ethod isintended to take a String and parentStyle asparametersand
return a new Style withthegivennameandgiven Style asitsresolvingparent.ThegetLogicalStyle()
m ethod should return a Style corresponding to the paragraph containing the given characteroffset.The
setLogicalStyle() method is intended to assign a Style totheparagraphcontainingthegivencharacter
offset.The getStyle() and removeStyle() m ethods should retrieve and remove a Style with the
given name, respectively, in the internal collection.

The getCharacterElement() and getParagraphElement() m ethodsare intended to allow retrieval
ofElements corresponding to a given character offset. The definition of these methods will vary based on the 
definition of paragraph and character Elements in a StyledDocument implementation. Typically, a
characterElement representsarangeoftextcontaining agiven offset,and aparagraph Element represents
a paragraph containing the given offset.

19.1.4 AbstractDocument

abstract class javax.swing.text.AbstractDocument

AbstractDocument implements the Document interface and provides a base implementation for text
componentmodels.Two provided classes thatextend AbstractDocument are used by the Swing text
components as their default model: PlainDocument and DefaultStyledDocument.PlainDocument is 
used by all the plain text components, such as JTextArea, JTextField and its subclass,
JPasswordField.Itprovides supportforcharacterdata contentonly and does notsupportmarkup (i.e.
multiple fonts,colors,etc.)ofthiscontent.DefaultStyledDocument isused by more sophisticated text
componentssuch asJEditorPane and itssubclass,JTextPane.Itprovidessupportformarkup oftextby
implementing the StyleDocument interface.

AbstractDocument specifiesamechanism thatseparatesthestorageofcharacterdatafrom thestructuring
ofthatdata.Thus,we have the capability to store ourtexthoweverwe like withoutconcern forhow the
documentisstructured and marked up.Similarly,wecan structureadocumentwith littleconcern forhow its
data is stored.The significance of this structure-storage separation willmake more sense after we have
discussed Elements and attributes below.Characterdata is stored in an instance ofthe inner Content
interface which we will also discuss below.

Thisclassdefinesfunctionality forabasicread/writelocking scheme.Thisschemeenforcestherulethatno
writecanoccurwhileareadisoccurring.However,multiplereadscanoccursimultaneously.Toobtainaread
lock we use the render() m ethod.This method releases the read lock when itfinishes executing the
Runnable passed to it.No otheraccessmethodsacquire such a lock (making them non-thread safe).The
getText() m ethod,forexample,does notacquire a read lock.In a multithreaded environment,any text
retrieved with this method may be corrupted if a write was occurring at the time the text was retrieved.

Theread lock isbasically justan incrementin an internalvariablethatkeepstrack ofthenumberofreaders.
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ThereadLock() m ethoddoesthisforus,andwillforcethecurrentthread to waituntilno writelocks exist.
W hen the Runnable finishes executing, the internal reader-count variable is decremented. The
readUnlock() m ethod isresponsibleforthis.Notethatboth ofthesemethodswillsimply do nothing and
return ifthecurrentthread isthewriterthread.Also notethata StateInvariantError exception willbe
thrown if a read unlock is requested when there are no readers.

Thewritelock isareferenceto thewriting thread.The writeLock() and writeUnlock() m ethodstake
care ofthisforus.W henevera modification isrequested the write lock mustfirstbe obtained.Ifthe writer
threadisnotnull,and isnotthesameastheinvoking thread,writeLock() blocksthecurrentthread until
the current writer releases the lock by calling writeUnlock().

If we intend to use the protected reader and writer locking methods ourselves in a sub-class,we are
encouragedtoensurethata readUnlock() callwillbemadenomatterwhathappensinthetryblock,using
the following semantics:

  // From AbstractDocument.java
  try {
    readLock();
  // do something

  } finally {
    readUnlock();
  }

Allmethodsthatmodify documentcontentmustobtain awritelock beforeany modification can takeplace.
These methods include insertString() and remove().

AbstractDocument’s dump() m ethod prints the document’s Element hierarchy to the given
PrintStream for debugging purposes. For example, the following class will dump a JTextArea’s
Element hierarchy to standard output.

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.text.*;

public class DumpDemo extends JFrame
{
  JTextArea m_editor;

  public DumpDemo() {
    m_editor = new JTextArea();

    JScrollPane js1 = new JScrollPane(m_editor);
    getContentPane().add(js1, BorderLayout.CENTER);

    JButton dumpButton = new JButton("Dump");
    dumpButton.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        ((PlainDocument) m_editor.getDocument()).dump(System.out);
      }
    });

    JPanel buttonPanel = new JPanel();
    buttonPanel.add(dumpButton);

    getContentPane().add(buttonPanel, BorderLayout.SOUTH);

    setSize(300,300);
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    setVisible(true);
  }

  public static void main(String[] args) {
    new DumpDemo();
  }
}

Typing this text in the JTextArea:

Swing is
powerful!!

...producesthe following outputwhen the dump() m ethod isinvoked (thiswillmake more sense afterwe
discussElements in 19.1.9).

<paragraph>
  <content>
    [0,9][Swing is
]
  <content>
    [9,20][powerful!!
]
<content>

    [20,21][
]
<bidi root>
  <bidi level
    bidiLevel=0
  >
    [0,21][Swing is
powerful!!
]

AbstractDocument also includesseveralsignificantinnerclassesand interfaces.M ostwe willdiscussin
appropriate places later in this chapter. A brief overview is appropriate here:

abstract class AbstractDocument.AbstractElement: This class implements the Element
and MutableAttributeSet interfaces,allowing instancesto actboth as Elementsand the mutable
AttributeSetsthatdescribethem.Thisclassalso implementsthe TreeNode interface,providing an
easy means of displaying document structure with a JTree.

class AbstractDocument.BranchElement: A concrete sub-class of
AbstractDocument.AbstractElement thatrepresents an Element which can contain multiple
childElements (see 19.1.9).

class AbstractDocument.LeafElement: A concrete sub-class of
AbstractDocument.AbstractElement thatrepresents an Element which cannotcontain child
Elements (see 19.1.9).

static abstract interface AbstractDocument.Content:Defines thedatastoragemechanism
used byAbstractDocument sub-classes (see 19.1.9).

static abstract interface AbstractDocument.AttributeContext: Used for efficient
AttributeSet management (see 19.1.16).

static class AbstractDocument.ElementEdit: Extends AbstractUndoableEdit,
implements DocumentEvent.ElementChange (see 19.1.7), and allows document changes to be
undone and redone.

class AbstractDocument.DefaultDocumentEvent: Extends CompoundEdit and implements
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DocumentEvent (see 19.1.7).Instancesofthisclassareusedbydocumentstocreate UndoableEdits,
which can be used to create UndoableEditEvents fordispatching to UndoableEditListeners.
Instances ofthis class are also fired to any registered DocumentListeners (see 19.1.8)forchange
notification.

19.1.5 The Content interface

abstract static interface javax.swing.text.AbstractDocument.Content

In orderto implementadatastoragemechanism fortext,AbstractDocument providesthestaticContent
interface.Every Document characterstorage mechanism mustimplementthisinterface.(Imagesand other
embedded objects are notconsidered partofa document’s content.)Each Content instance represents a
sequence ofcharacterdata,and providesthe ability to insert,remove,and retrieve characterdata with the
insertString(),remove(),getString(), and getChars() methods.

Note:A specialconvenienceclasscalledSegment allowsaccessto fragmentsofactualdocumenttextwithoutthe
needtocopycharactersintoanew arrayforprocessing. Thisisusedinternallybytextcomponentstospeedup
searching and rendering large documents. 

ImplementationsofContent m ustalso provide the ability to create position markersthatkeep track ofa
certain location between characters in storage with the createPosition() m ethod. These markers are
implementations of the Position interface.

Content implementations provide UndoableEdit objects that represent the state of storage before and after 
any change is made. The insertString() and remove() m ethodsaremeanttoreturn suchanobjecteach
time they are invoked, allowing insertions and removals to be undone and redone.

Two Content implementationsare included in the javax.swing.text package:StringContent and
GapContent.StringContent storescharacterdatainanormalchar array.GapContent alsostoresdata
in a char array butitpurposefully leavesan empty space,a gap,in thisarray. “The gap ismoved to the
location ofchanges to take advantage ofcommon behaviorwhere mostchanges are in the same location.
Changes thatoccurata gap boundary are generally cheap and moving the gap is generally cheaperthan
moving the array contents directly to accommodate the change”API.This gap is strictly used for internal
efficiency purposes and is not accessible outside of this class.

Note: StringContent was used in earlier implementations of PlainDocument and
DefaultStyledDocument,buthas been replaced by GapContent (which extends a package private
classcalled GapVector).Thegap bufferalgorithm used inGapContent isveryefficientforkeeping track
of large numbers of Positions and, interestingly, is used in the popular emacs editor.

19.1.6 The Position interface

abstract interface javax.swing.text.Position

Thisinterfaceconsistsofonemethod,getOffset(),which returns an int valuerepresenting thelocation,
oroffset,from thebeginning ofthedocument’scontent.Figure19.1 illustrateswhathappensto a Position
m arkerwhen textisinserted and removed from storage.Thisfigurestartsby showing adocumentcontaining
“Swing text” as its content.  There are initiallyPosition markers at offsets 0, 4, and 7.W hen we remove the 
charactersfrom offset4 through 9 the Position atoffset7 ismoved to offset4. Atthispointtherearetwo
Positions at offset 4 and the documentcontentis “Swin”. W hen we insert “g is” atoffset4 both
Positions at offset 4 are moved to offset 8 and the document content becomes “Swing is”.
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Note: The term range refers to a sequence of characters between two Position markers as shown in figure 19.1.

Figure 19.1 Position m ovem ent

19.1.7 The DocumentEvent interface

abstract interface javax.swing.event.DocumentEvent

Changes to a Document’s content are encapsulated in implementations of the DocumentEvent interface, the 
defaultimplementation ofwhichisAbstractDocument.DefaultDocumentEvent.Therearethreetypes
ofchangesthatcan occurto documentcontent:CHANGE,INSERT,and REMOVE (fieldsdefined within the
DocumentEvent.EventType inner class).DocumentEvent also defines an interface within itcalled
ElementChange. Implementations of this interface, the default of which is
AbstractDocument.ElementEdit,areresponsibleforstoringinformation aboutchangesto thestructure
ofadocumentforuse in,among otherthings,undo and redo operations.AbstractDocument handlesthe
firing of DefaultDocumentEvents appropriately with its fireXXUpdate() methods. 

The getChange() m ethod ismeantto take an Element instance asparameter,and return an instance of
DocumentEvent.ElementChange describingtheelementsthatwereaddedand/orremoved,aswellasthe
location ofachange.The getDocument() m ethod should return areferenceto the Document instancethat
generated this event.The getLength() m ethod is intended to return the length of a change,and the
getOffset() m ethod should return theoffsetatwhich achangebegan.The getType() m ethod ismeant
to return an instance of Document.EventType specifying the type of change that occurred to the document.

19.1.8 The DocumentListener interface

abstract interface javax.swing.event.DocumentListener

Instancesofthisinterface can be attached to Document implementationsto be notified ofchangesin that
document’scontent.Itisimportantto notethatthisnotification willalwaysoccurafterany contenthasbeen
updated.Knowing this,itiseven more importantto realize thatwe should notperform any changesto the
contentofadocumentfrom within a DocumentListener.Thiscan potentially resultin an infiniteloop in
situations where a document event causes another to be fired.

Note: Never modify the contents of a document from within a DocumentListener.
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TheinsertUpdate() and removeUpdate() m ethodsaremeantto givenotification ofcontentinsertions
and removalsrespectively.The changedUpdate() m ethod isintended to provide notification ofattribute
changes.

19.1.9 The Element interface

abstract interface javax.swing.text.Element

Elements provide a hierarchical means of structuring a Document’s content. Associated with each
Element isasetofattributesencapsulatedinan AttributeSet implementation.Theseattributesprovidea
meansofspecifyingthemarkup ofcontentassociated with each Element.AttributeSetsmostoften take
the form of Style implementations and are grouped together inside a StyleContext object.
StyleContext objects are used by StyledDocument implementations such as
DefaultStyledDocument.The objects thatare responsible foractually rendering textcomponents are
implementations of the abstract View class. Each Element hasaseparateView objectassociatedwithit,and
eachView recognizes a predefined set of attributes used in the actual rendering and layout of that Element.

Note:Elements are objects thatimpose structure on a textcomponent’s content.They are actually partof the
document model, but they are also used by views for text component rendering.

ThegetAttributes() m ethod ismeantto retrievean AttributeSet collection ofattributesdescribing
an Element.The getElement() m ethod isintended to fetch a child Element atthe given index,where
the index isgiven in termsofthe numberofchild Elements.The getElementCount() m ethod should
return the index of the Element closest to the provided document content offset. The getElementCount()
m ethod ismeantto return the numberofchild Elementsan Element contains (0 ifthe parentElement
itself is a leaf). The isLeaf() method is intended to tell us whether or not an Element is a leaf element, and 
getParentElement() should return an Element’s parent Element.

The getDocument() m ethod is meantto retrieve the Document instance an Element belongs to.The
getStartOffset() and getEndOffset() m ethodsshould return theoffsetofthebeginning and end of
anElement, respectively, from the beginning of the document. The getName() method is intended to return 
a short String description of an Element.

AbstractDocument defines the inner class AbstractElement, which implements the Element interface.
As we mentioned earlier, there are two subclasses of AbstractElement defined within
AbstractDocument:LeafElement and BranchElement.Each LeafElement hasaspecific range of
contenttextassociated with it(thisrangecan changewhen contentisinserted,removed,orreplaced--figures
19.2 and 19.3 illustrate). LeafElements cannot have any child Elements.BranchElements can have any
numberofchild Elements.Therangeofcontenttextassociated with BranchElementsistheunion ofall
contenttextassociated with theirchild LeafElements.(Thusthe startoffsetofa BranchElement isthe
loweststartoffsetofallitschild LeafElements,and itsend offsetisthe highestend offsetofallitschild
LeafElements.)DefaultStyledDocument providesa third type ofelementcalled SectionElement
which extends BranchElement. The meaning ofeach type ofelem entdiffers depending on the type of
document.

The textpackage also includes an ElementIterator class,which is designed to traverse an Element
hierarchy in a depth firstfashion (i.e.postorder--see 17.1.2).M ethods first(),current(),depth(),
next(),and previous() can be used to obtain information about,and programmatically traverse,an
Element hierarchy.W ecan constructan ElementIterator objectby providing eithera Document oran
Element to the ElementIterator constructor.Ifa Document isprovided,thedefaultrootElement of
that document is used as the root of the Element hierarchy traversed byElementIterator.

Note:ElementIterator doesnotprovideany thread safety by default,so itisourresponsibility to ensurethat
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noElement changes occur during traversal.

19.1.10 PlainDocument

class javax.swing.text.PlainDocument

This class extends AbstractDocument and is used by the basic text components: JTextField,
JPasswordField,and JTextArea.W henenforcingcertaininput,usuallyina JTextField,wenormally
override AbstractDocument’s insertString() m ethod in a PlainDocument sub-class (see the
discussion of JTextField in chapter 11 for an example).

PlainDocument usesaBranchElement asitsrootand hasonly LeafElementsaschildren.In this case
each LeafElement representsalineoftextand therootBranchElement representsthewholedocument
text.PlainDocument identifies a BranchElement as “paragraph” and a LeafElement as “content”.
Note thatthe notion of a paragraph in PlainDocument is much differentthan our normalnotion of a
paragraph. Usually we think of paragraphs as sections of text separated by line breaks. However,
PlainDocument considerseach section oftextending with alinebreak asalineof “content” in itsnever-
ending “paragraph”. Figure 19.2 and 19.3 show thestructureofasample PlainDocument andillustratehow
Elements and their associated Positions can change when document content changes.

Figure 19.2 Sam ple PlainDocum ent structure

In figure 19.2 we see a PlainDocument containing three elements. Two LeafElements represent two lines 
oftextand arechildren oftherootBranchElement.Notethatthethisrootelementbeginsatoffset0,the
startoffsetof the first LeafElement,and ends at19,the end offsetof the lastLeafElement.This
document would be displayed in a JTextArea as:

Swing is
powerful!!

Note:Thelinebreak attheend ofthesecondLeafElement isalwayspresentattheend ofthelastElement in
any PlainDocument.Itdoesnotrepresentalinebreak thatwasactually inserted into the documentand is
notcounted when the documentlength isqueried using thegetLength() method.Thusthe length ofthe
document shown in figure 19.2 would be returned as 19.

Now supposeweinserttwolinebreaksatoffset5.Figure19.3showsthestructurethatwould resultfrom this
addition.
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Figure 19.3 Sam ple PlainDocum ent structure after inserting tw o line breaks at offset 19

This document would now be displayed in a JTextArea as:

Swing

 is
powerful!!

JTextArea, JTextField, and JPasswordField use PlainDocument as their model. Only
JTextArea allows its document to contain multiple LeafElements. JTextField and its
JPasswordField subclass allow only one LeafElement.

19.1.11 DefaultStyledDocument

class javax.swing.text.DefaultStyledDocument

DefaultStyledDocument provides significantly more power over the PlainDocument structure
described above.This StyledDocument implementation (see 19.1.3)isused formarked up (styled)text.
JTextPane usesaninstanceofDefaultStyledDocument bydefault(although thismaychangebased on
its content type).

DefaultStyledDocument usesand instance ofitsinner SectionElement classasitsrootElement,
which hasonly instancesofAbstractDocument.BranchElement aschildren.These BranchElements
represent paragraphs, referred to as paragraph Elements, and they contain instances of
AbstractDocument.LeafElement aschildren.These LeafElementsrepresentwhatare referred to as
character Elements. Character Elements represent regions of text (possibly multiple lines within a
paragraph) that share the same attributes.

W e can retrieve the character Element occupying a given offsetwith the getCharacterElement()
m ethod, and we can retrieve the paragraph Element occupying a given offset with the
getParagraphElement() method.
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W ewilldiscussattributes,AttributeSets,andtheirusagedetailssoonenough.However,itisimportantto
understand here that AttributeSets assigned to DefaultStyledDocument Elements resolve
hierarchically.Forinstance,a characterElement willinheritallattributesassigned to itself,aswellasthose
assigned to the parentparagraph Element.CharacterElement attributesoverride those ofthe same type
defined in the parent paragraph Element’sAttributeSet.

Note: The Elements used by DefaultStyledDocument are derived from
AbstractDocument.AbstractElement, which implements both the Element and
MutableAttributeSet interfaces.Thisallowsthese Elementsto actastheirown AttributeSets,
and use each other as resolving parents.

Figure 19.4 shows a simple DefaultStyledDocument in a JTextPane with two paragraphs.

Figure 19.4 A tw o-paragraph DefaultStyledDocum ent,w ith several different attributes, in a JTextPane.

Using AbstractDocument’s dump() m ethod to display this docum ent’s Element structure to standard
output (see 19.1.4), we get the following:

<section>
  <paragraph
    RightIndent=0.0
    LeftIndent=0.0
    resolver=NamedStyle:default {name=default,nrefs=2}
    FirstLineIndent=0.0
  >
    <content
      underline=false
      bold=true
      foreground=java.awt.Color[r=0,g=128,b=0]
      size=22
      italic=false
      family=SansSerif
    >
      [0,6][Swing
]
  <paragraph
    RightIndent=0.0
    LeftIndent=0.0
    resolver=NamedStyle:default {name=default,nrefs=2}
    FirstLineIndent=0.0
  >
    <content
      underline=false
      bold=false
      foreground=java.awt.Color[r=0,g=0,b=0]
      size=12
      italic=false
      family=SansSerif
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    >
      [6,9][is ]
    <content
      underline=false
      bold=false
      foreground=java.awt.Color[r=0,g=0,b=0]
      size=12
      italic=false
      family=SansSerif
    >
      [9,19][extremely ]
    <content
      underline=false
      bold=false
      foreground=java.awt.Color[r=0,g=0,b=192]
      size=18
      italic=true
      family=SansSerif
    >
      [19,27][powerful]
    <content
      underline=false
      bold=true
      foreground=java.awt.Color[r=255,g=0,b=0]
      size=20
      italic=false
      family=SansSerif
    >
      [27,28][!]
    <content>

 [28,29][
]
<bidi root>
  <bidi level
    bidiLevel=0
  >
    [0,29][Swing
is extremely powerful!
]

Note the use of <section>, <paragraph>, and <content> to denote SectionElement,
BranchElement,and LeafElement respectively.Also notethatthe <paragraph> and <content> tags
eachcontainseveralattributes.The <paragraph> attributesrepresentparagraph Element attributesandthe
<content> attributes representcharacter Element attributes.W e willdiscuss specific attributes in more
detailbelow.Note thatthe <bidi root> tag specifiesa second rootElement allowing bidirectionaltext
(this functionality is incomplete as of Java 2 FCS).

W e can assign paragraph and character attributes to a region of text with the setParagraphAttributes()
and setCharacterAttributes() m ethods respectively.These methods require a startand end offset,
specifying theregion to apply theattributesto,aswellasan AttributeSet containing theattributes,and a
boolean flag specifying whether or not to replace pre-existing attributes with the new attributes. 

Regarding therangeoftext,paragraph attributeswillbeapplied to paragraph Elementsthatcontain atleast
some portion of the specified range.Character attributes willbe applied to allcharacter Elements that
intersect that range.IfthespecifiedrangeonlypartiallyextendsintoacharacterElement,thatElement will
be split into two, so that only the specified range of text will receive the new attributes (this splitting is handled 
by an instance of the ElementBuffer inner class). 

Regarding theboolean flag,iftheflag istrue,allpre-existing paragraph Element attributesareremoved
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before the new setis applied.Otherwise,the new setis merged with the old set,and any new attributes
overwritepre-existingattributes.Characterattributesworkinasimilarway,buttheydonotchangeparagraph
attributes at all--they simply override them.

DefaultStyledDocument also defines the notion of logical paragraph Styles.A logical paragraph
Style actsasthe resolving parentofa paragraph Element’sAttributeSet.So attributesdefined in a
paragraph Element’s AttributeSet override those defined in thatparagraph’s logicalStyle.W e can
change a specific paragraph Element’slogicalstyle with the setLogicalStyle() m ethod.The logical
style of each paragraph defaults to StyleContext.DEFAULT_STYLE (which is empty by default).

JTextPane implements getParagraphAttributes(), setParagraphAttributes(),
getLogicalStyle(), and setLogicalStyle() m ethods which communicate directly with its
StyledDocument.JTextPane’s paragraph attributes and logicalstyle setXX() m ethods apply to the
paragraph the caret currently resides in if there is no selection. If there is a selection, these methods apply to all 
paragraphs spanned by the selected region.JTextPane’s paragraph attributes and logicalstyle getXX()
m ethods apply to the paragraph currently containing the caret.

JTextPane also implements getCharacterAttributes() and setCharacterAttributes()
m ethods.Ifthere is a selection,the setCharacterAttributes() m ethod willactas described above,
splittingElements as needed. If there is no selection, this method will modify JTextPane’sinput attributes.

Note:JTextPane’sinputattributesisareferenceto an AttributeSet which changeswith thelocation ofthe
caret.ThisreferencealwayspointstotheattributesofthecharacterElement atthecurrentcaretlocation.W e
can retrieve it at any time with JTextPane’sgetInputAttributes() method.W henevertextisinserted
in a JTextPane,the currentinputattributeswillbe applied to thattextby default.However,any attributes
explicitly assigned to newly inserted text will override those defined in the current input attributes.

A StyleContext instance (see 19.1.16) is associated with each DefaultStyledDocument.As we
mentioned in thebeginning ofthischapter,the Style interfacedescribesanamed mutable AttributeSet,
and the StyledDocument interface describes a Document which manages a set of Styles. A
DefaultStyledDocument’sStyleContext instanceiswhatperformstheactualmanagement,creation,
and assignment of that document’s Styles. If a StyleContext is not provided to the
DefaultStyledDocument constructor, a default version is created.

JTextPane defines several methods for adding,removing,and retrieving Styles,as well as specific
attributeswithinagiven AttributeSet (suchasthegetFont() and getForeground() m ethods).Calls
to thesemethodsareforwarded to methodsofthesamesignaturein JTextPane’sStyledDocument,and,
in thecaseofDefaultStyledDocument,thesecallsareforwarded to the StyleContext in chargeofall
theStyles.

DefaultStyledDocument also includes several significant inner classes:

static class DefaultStyledDocument.AttributeUndoableEdit: This class extends
AbstractUndoableEdit to allow AttributeSet undo/redo functionality with Elements.

class DefaultStyledDocument.ElementBuffer: Instances of this class are used to manage
structuralchangesin a DefaultStyledDocument,such asthesplitting ofElements,ortheinsertion
and removal of text,resulting in the modification of,and the insertion and/or removalof,various
Elements. This class also plays a critical role in constructing
AbstractDocument.DefaultDocumentEvents (see 19.1.4).

static class DefaultStyledDocument.ElementSpec: This class describes an Element that can 
be created and inserted into a document in the future with an ElementBuffer.

protected class DefaultStyledDocument.SectionElement: This class extends
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AbstractDocument.BranchElement and acts as a DefaultStyledDocument’s default root
Element. It contains onlyBranchElement children (representing paragraphs).

19.1.12 The AttributeSet interface

abstract interface javax.swing.text.AttributeSet

An attribute is simply a key/value pair (as in a Hashtable) thatshould be recognized by some View
implementation available to the textcomponentbeing used.Aswe know from ourdiscussion above,each
Element in aDefaultStyledDocument hasan associated setofattributeswhich resolveshierarchically.
Theattributesplayacriticalroleinhow thatpieceofthedocumentwillberenderedbya View.Forexample,
one commonly used attribute is FontFamily. The FontFamily attribute key is an Object consisting of the 
String “family”.The FontFamily attribute value is a String representing the name of a font(i.e.
“monospaced”). Other examples of attribute keys include “Icon” and “Component,” whose values are
instances of Icon and Component respectively.

Ifan attribute is notrecognized by a View,the Element associated with thatview willnotbe rendered
correctly.Thus,thereisapredefined setofattributesthatisrecognized bytheSwing View classes,and these
attributekeysshould beconsidered reserved --in otherwords,allnew attributesshould usenew keys.These
predefined attribute keys are all accessible as static Objects in the StyleConstants class (see 19.1.15).

Sets of attributes are encapsulated in implementations of either the AttributeSet interface, the
MutableAttributeSet interface (see 19.1.13),or the Style interface (see 19.1.14). Style extends
MutableAttributeSet which,inturn,extendsAttributeSet.TheAttributeSet interfacedescribes
aread-only setofattributesbecauseitdoesnotprovidemethodsforchanging,adding,orremoving attributes
from that set. 

The containsAttribute() and containsAttributes() m ethodsare intended forchecking whether
an AttributeSet contains a given attribute key/value pair, or any number of such pairs. The
copyAttributes() method is meant to return a fresh, immutable copy of the AttributeSet it is invoked 
on.The getAttributeCount() m ethod should return the numberofattributes contained in a set,and
getAttributeNames() should retrieve an Enumeration of the keys describing each attribute.The
isDefined() m ethod is intended forchecking whethera given attribute key corresponds to an attribute
directly stored in the AttributeSet the method isinvoked on (resolving parentsare notsearched).The
isEqual() m ethod is meantto compare two AttributeSets and return whether or notthey contain
identicalattribute key/value pairs.The getResolveParent() m ethod should return a reference to an
AttributeSet’sresolvingparent,ifany,andthegetAttribute() m ethodisintendedtoreturnthevalue
of an attribute corresponding to a given key.

The AttributeSet interface also provides four empty static interfaces: CharacterAttribute,
ColorAttribute,FontAttribute,ParagraphAttribute.Theonlyreason theseinterfacesexististo
provideasignature(i.e.information abouttheclassin which itisdefined)which isexpected ofeach attribute
key.  This signature can be used to verify whether an attribute belongs to a certain category (see 19.1.15).

Only one direct implementation of the AttributeSet interface exists within the text package:
StyleContext.SmallAttributeSet.A SmallAttributeSet isan array ofattribute key/value pairs
stored in thealternating pattern:key1,value1,key2,value2,etc.(thusthenumberofattributescontained in a
SmallAttributeSet is actually half the size of its array). An array is used for storage because
AttributeSet describes a read-only setofattributes,and using an array is more memory-efficientthan
dynamically resizable storage such asthatprovided by a Hashtable.However,itislesstime-efficientto
search through an array than a Hashtable. Forthisreason,SmallAttributeSet isintended to beused
onlyforsmallsetsofattributes.ThesesetsareusuallysharedbetweenseveralElements.Becauseoftheway
sharing works (see 19.1.16), the smaller the set of attributes the better candidate that set is for being shared.
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19.1.13 The M utableAttributeSet interface

abstract interface javax.swing.text.M utableAttributeSet

The MutableAttributeSet interface extends the AttributeSet interface and declares additional
methodsintended to allow attributeaddition,removal,and resolving parentassignment:addAttribute(),
addAttributes(), setResolveParent(), removeAttribute(), and two variations of
removeAttributes().

MutableAttributeSet also has two direct im plementations within the text package:
AbstractDocument.AbstractElement and SimpleAttributeSet. The fact that
AbstractElement implements MutableAttributeSet allows such Elements to act as resolving
parentsto oneanother.Italso reducesobjectoverhead by combining structuralinformation aboutaregion of
text with that region’s stylistic attributes.

SimpleAttributeSet usesaHashtable tostoreattributekey/valuepairsbecauseitmustbedynamically
resizable. By nature, a Hashtable islessefficientthananarrayinmemoryusage,butmoreefficientinlook-
up speed. For this reason, SimpleAttributeSets are used for large sets of attributes that are not shared.

Note:In thepastfew sectionswehavealluded to theimportanceofefficiencyin attributestorage. Efficiency here
refersto both memoryusageand speed ofattributelocation.To summarizetheissues:A View usesattributes
todeterminehow torenderitsassociatedElement.Theseattributevaluesmustbelocated,bykey,withinthat
Element’sattribute sethierarchy.The fasterthislocation occursthe quickerthe view isrendered and the
more responsive the user interface becomes. So look-up speed is a large factor indecidinghow tostoreattribute
key/value pairs.M emory usage is also a large issue.Obtaining efficientlook-up speed involves sacrificing
efficient memory usage, and vice-versa. This necessary trade-off is taken into account through the
implementation ofthedifferentattributestoragemechanismsdescribed above,and theintelligentmanagement
of when each mechanism isused.W ewillsoonseethattheStyleContext classactsas,amongotherthings,
this intelligent manager.

19.1.14 The Style interface

abstract interface javax.swing.text.Style

The Style interface extends MutableAttributeSet and provides the ability to attach listeners for
notification ofchangesto itssetofattributes. Style also addsa String used fornameidentification.The
onlydirectimplementationoftheStyle interfaceisprovidedby StyleContext.NamedStyle.Internally,
NamedStyle m aintainsitsown private AttributeSet implementation thatcontainsallitsattributes.This
AttributeSet can be an instance of StyleContext.SmallAttributeSet or SimpleAttributeSet,
andmayswitchbackandforthbetweenthesetypesoverthecourseofitslifetime(thiswillbecomeclearafter
our discussion of StyleContext).

19.1.15 StyleConstants

class javax.swing.text.StyleConstants

TheStyleConstantsclasscategorizespredefined attributekeysinto membersoffourstaticinnerclasses:
CharacterConstants, ColorConstants, FontConstants, and ParagraphConstants. These
Objects are all aliased from their outer class, StyleConstants,so they are more easily accessible
(aliasing heremeansproviding areferenceto an objectofan inner class).Also,both ColorConstants and
FontConstants keysare aliased by CharacterConstants to provide a sensible hierarchy ofattribute
key organization.
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Note:Notallaliasedkeysusethesamenameineachclass.Forinstance,FontFamily in StyledConstants is
an alias of Family in StyledConstants.CharacterConstants. However, Family in
StyledConstants.CharacterConstants is an alias of Family (the actual key) in
StyledConstants.FontConstants. Each is a reference to the same key object and it makes no
difference which one we use.

M ostkeys are self-explanatory in meaning.The StyleConstants APIdocumentation page contains a
helpfuldiagram illustrating the meaning of some of the less self-explanitory attribute keys thatapply to
paragraphsofstyled text.(Each ofthekeysillustrated in thisdiagram isan aliasoftheactualkey defined in
StyleConstants.ParagraphConstants.)

StyleConstants also definesstaticmethodsforassigning and retrieving many predefined attributesin an
AttributeSet.Forexample,toassignaspecificfontfamilyattributetoan AttributeSet (assumingitis
mutable), we can use StyleConstants’ setFontFamily() method.

19.1.16 StyleContext

class javax.swing.text.StyleContext

StyleContext implementsthe AbstractDocument.AttributeContext interface,and declaresa set
ofmethodsused to modifyorfetch new instancesofAttributeSet implementations.AbstractContext
wasdesigned with the understanding thatthe implementormay use more than one type of AttributeSet
implementation to store sets ofattributes.The decision to use one type overanothermay be based on any
number of factors, and StyleContext takes full advantage of this design.

StyleContext‘s main role is to act as a container for Styles that may be used by one or more
DefaultStyledDocuments.Itmaintains a private NamedStyle instance used to store its Styles and
allow accessby name.Each ofthese contained Stylesisalso an instance ofNamedStyle.So,to clarify,
StyleContext m aintains a NamedStyle instance whose key/value pairs are of the form
String/NamedStyle.

StyleContext also maintains a subset of these NamedStyle values in a Hashtable. Only those
NamedStyle’swhose AttributeSet contains9 orlessattributesarestored in thisHashtable and their
AttributeSets are maintained as instances of SmallAttributeSet.Those NamedStyles with an
AttributeSet containing 10 or more attributes are not stored in the Hashtable, and their
AttributeSets are maintained as instances of SimpleAttributeSet.

This partitioning is managed dynamically by StyleContext, and is the result of combining the
AbstractContext design with the use of a compression threshold (a hard-coded int value of 9).
W heneveran attribute isadded orremoved,StyleContext checksthe numberofattributesin the target
AttributeSet. If the resulting setwillcontain 9 or less attributes itremains,or is converted to,a
SmallAttributeSet and isadded to the Hashtable ifitwasn’talready there. Ifthe resulting setwill
contain 10 ormoreattributesitremains,orisconverted to,a SimpleAttributeSet and isremoved from
theHashtable if it was already there.

The reason for this partitioning is to supportefficient AttributeSet sharing.M oststyled documents
contain many distinctregions of identically styled text.These regions normally have a smallnumber of
attributes associated with them.Itis clearthatthe bestthing to do in this situation is to assign the same
AttributeSet to each ofthese regions.And the bestAttributeSet implementation to use forthisis
SmallAttributeSet due to itssuperiormemory efficiency (since look-up speed isa minorissue with a
very smallnumberofattributes).Largersets ofattributes are,in general,rare.The best AttributeSet
implementation to use for this is SimpleAttributeSet due to its superior look-up capabilities (since
memory usage will most likely be a minor issue with a relatively small number of SimpleAttributeSets).



18

19.1.17 The Highlighter interface

abstract interface javax.swing.text.Highlighter

This interface describes how specific regions of text can be marked up with instances of the inner
Highlighter.Highlight interface.A Highlight m aintainsabeginning and end offset,and areference
to an instanceoftheinnerHighlighter.HighlightPainter interface.A HighlightPainter’sonly
responsibility is to render the background of a specific region of text.

A text component’s UI delegate is responsible for maintaining its Highlighter.For this reason the
Highlighter can change when a textcomponent’s look and feelchanges.JTextComponent provides
methods for working with a textcomponent’s Highlighter so we generally ignore the factthatsuch
methods really get forwarded to the UI delegate.

A Highlighter is intended to maintain an array of Highlighter.Highlight instances,and we are
meantto be able to add to this array using the addHighlight() m ethod.This method takes two ints
defining the range oftexttohighlight,aswellasa Highlighter.HighlightPainter instancespecifying
how thatHighlight should berendered.Thus,by defining variousHighlightPainters,wecan add an
arbitrary number of highlighted regions with distinct visual effects.

TherangeaHighlight encompassesismeantto bemodified with the changeHighlight() m ethod,and
Highlights can be removed from a Highlighter’s array with the removeAllHighlights() or
removeHighlight() m ethods. The paint() m ethod is meant to manage the rendering of all a
Highligher’sHighlights.

W e can assign a new Highlighter with JTextComponent’ssetHighlighter() method.Similarly,we
can retrieve a reference to the existing one with JTextComponent’sgetHighlighter() m ethod.Each
JTextComponent also maintains a selectionColor property which specifies the color to use in
rendering default highlights.

19.1.18 DefaultHighlighter

class javax.swing.text.DefaultHighlighter

DefaultHighlighter extends the abstract LayeredHighlighter class. LayeredHighlighter
implementsthe Highlighter interface and defines a paintLayeredHighlights() m ethod,which is
responsible for managing potentially multiple overlapping Highlights. LayeredHighlighter also
declares an inner abstract static class called LayerPainter from which the static
DefaultHighlighter.DefaultHighlightPainter extends. This implementation paints a solid
background, behind the specified region of text, in the current text component selection color.

19.1.19 The Caret interface

abstract interface javax.swing.text.Caret

Thisinterface describesa textcomponent’s cursor.The paint() m ethod is responsible forrendering the
caret,and the setBlinkRate()/getBlinkRate() m ethodsare meantto assign/retrieve a specific caret
blink interval(normally in milliseconds).The setVisible() and isVisible() m ethodsare intended to
hide/show the caret and check for caret visibility, respectively.

The setDot()/getDot() m ethods are meantto assign/retrieve the offsetofthe caretwithin the current
document. The getMark() method shouldreturnalocationinthedocumentwherethecaret’smarkhasbeen
assigned. The moveDot() method is intended to assign a markposition,andmovethecarettoanew location
while highlighting the text between the dot and the mark. The
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setSelectionVisible()/isSelectionVisible() m ethodsaremeanttoassign/querythevisiblestate
of the highlight specifying the currently selected text.

The setMagicCaretPosition()/getMagicCaretPosition() m ethods manage a dynamic caret
position used when moving thecaretup and down between lineswith thearrow keys.W hen moving up and
down between lineswith an unequalnumberofcharacters,themagicposition should placethecaretasclose
tothesamelocationwithineachlineaspossible.Ifthemagicpositionisgreaterthanthelengthofthecurrent
line,thecaretshould beplaced attheend oftheline.Notethatthisfeatureiscommon in almostallmodern
text applications, and is implemented for us in the DefaultCaret class.

The Caret interface also declares methods forthe registration of ChangeListeners fornotification of
changes in the caret’s position: addChangeListener(),removeChangeListener().

19.1.20 DefaultCaret

class javax.swing.text.DefaultCaret

This class extends java.awt.Rectangle, and represents a concrete implementation ofthe Caret interface
used by alltextcomponentsby default.Itisrendered asa blinking verticalline in the colorspecified by its
associated text component’scaretColor property.DefaultCaret alsoimplementstheFocusListener,
MouseListener, and MouseMotionListener interfaces. 

The only MouseListener m ethods without empty implementations are mouseClicked() and
mousePressed().Ifa mouse click occurs with the leftmouse button,and the click countis two (i.e.a
double-click), mouseClicked() will invoke the Action returned by
DefaultEditorKit.selectWordAction() to selecttheword containing thecaret.Iftheclick countis
three, mouseClicked() will invoke the Action returned by
DefaultEditorKit.selectLineAction() to select the line of text containing the caret. The
mousePressed() m ethod sends its MouseEvent parameter to DefaultCaret’s positionCaret()
m ethod,which setsthedot property to thedocumentoffsetcorresponding to themousepress,and clearsthe
magicCaretPosition property.The mousePressed() m ethod also checksto seeifthetextcomponent
is enabled, and if it is, its requestFocus() method is invoked.

The only MouseMotionListener m ethod withoutan empty implementation is mouseDragged().This
method simply passes its MouseEvent parameter to DefaultCaret’s moveCaret() m ethod. The
moveCaret() m ethod determines the offset of the caret destination by passing the MouseEvent’s
coordinatesto thetextcomponent’sviewToModel() m ethod.The moveDot() m ethod isthen invoked to
actuallymovethecarettothedeterminedposition(recallthatthe moveDot() m ethodsetsthemark property
and selects the text between themark position and the new dot position).

Both FocusListener m ethods are nonempty.The focusGained() m ethod checks whether the text
component is editable, and if it is, the caret is made visible. The focusLost() methodsimplyhidesthecaret.
These methods are invoked when the text component gains or loses the focus.

W e can customize the way a selection’s highlight appears by overriding DefaultCaret’s
getSelectionPainter() m ethod to return our own Highlighter.HighlightPainter
implementation.W ecan also customizetheappearanceofacaretby overriding the paint() m ethod.Ifwe
do reimplement the paint() method, however, we must also override the damage() method. The damage()
m ethod ispassed a Rectangle representing the region ofthe textcomponentto repaintwhen the caretis
moved.
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For instance, the following is a simple DefaultCaret sub-class that renders a wide black caret.3

class WideCaret extends DefaultCaret 
{
  protected int caretWidth = 6;

  protected void setWidth(int w) {
    caretWidth = w;
  }

  // Since DefaultCaret extends Rectangle, it inherits

  // the x, y, width, and height variables which are 

  // used here to allow proper repainting.

  protected synchronized void damage(Rectangle r) {
    if (r != null) {
      x = r.x - width;
    y = r.y;

      width = width;
      height = r.height;
      repaint();
    }
  }

  public void paint(Graphics g) {
    if(isVisible()) {
      try {
        TextUI mapper = getComponent().getUI();
        Rectangle r = mapper.modelToView(
          getComponent(), getComponent().getCaretPosition());
        g.setColor(getComponent().getCaretColor());
        g.fillRect(r.x, r.y, caretWidth, r.height - 1);
      } 
      catch (Exception e) {
        System.err.println("Problem painting cursor");

 }
    }
  }
}

19.1.21 The CaretListener interface

abstract interface javax.swing.event.CaretListener

This interface describes a listener thatis notified whenever a change occurs in a textcomponent’s caret
position.Itdeclaresonemethod,caretUpdate(),whichtakesaCaretEvent asparameter.W ecanattach
and remove CaretListeners to any JTextComponent with the addCaretListener() and
removeCaretListener() methods respectively.

19.1.22 CaretEvent

class javax.swing.event.CaretEvent

Thiseventsimply encapsulatesa reference to itssource object(normally a textcomponent).CaretEvents
are passed to all attached CaretListeners whenever the associated text component’s caret position changes.

3 W e have implemented a short example in a Swing Connection ‘Tips and Tricks’ article showing how to use a 
similar custom caret for designating an overwrite mode. In the same article we also show how to customize a 
PlainDocument model to allow ‘insert’ and ‘overwrite’ modes, and how to track caret position with a 
CaretListener. See http://java.sun.com/products/jfc/tsc/friends/tips_4/tips_4.html.
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19.1.23 The Keymap interface

abstract interface javax.swing.text.Keymap

This interface describes a collection of bindings between KeyStrokes (see 2.13.2) and Actions (see
12.1.23). W e are meant to add new KeyStroke/Action bindings to a Keymap with the
addActionForKeyStroke() m ethod. Like AttributeSets, Keymaps resolve hierarchically. Like
Styles,Keymaps have a name used to reference them by.

W e are meantto query the Action thatcorresponds to a specific KeyStroke with the getAction()
m ethod.Ifno corresponding Action islocated in theKeymap,itsresolving parentsshould besearched until
eitherno moreresolving parentsexist,oramatch isfound.Similarly,weareintended to retrievean array of
KeyStrokes mapped to a given Action with the getKeyStrokesForAction() m ethod.4  The 
isLocallyDefined() m ethod is meantto check whether or nota given KeyStroke is bound to an
Action in the Keymap under investigation. The removeBindings() method should remove all bindings in 
a Keymap,and the removeKeyStrokeBinding() m ethod is intended to remove only those bindings
corresponding to a given KeyStroke.

By default,all JTextComponents share the same Keymap instance.This is what enables the default
functionality of the Backspace, Delete, and left and rightarrow keysonanytextcomponent.Forthisreason,it
isnotagoodideato retrieveatextcomponent’sKeymap andmodifyitdirectly.Rather,weareencouragedto
create ourown Keymap instance,and assign the defaultKeymap asitsresolving parent.Also note thatby
assigning aresolving parentofnull,wecan effectively disableallbindingson atextcomponent,otherthan
those in the given component’s Keymap itself(the underlying role Keymaps play in textcomponents will
become clear after we discuss DefaultEditorKit below).

W ecan obtain atextcomponent’sKeymap with eitherofJTextComponent’sgetKeymap() m ethods.W e
canassignatextcomponentanew Keymap with thesetKeymap() m ethod,and wecan add anew Keymap
anywhere within the Keymap hierarchy with the addKeymap() method. W e can alsoremovea Keymap from
the hierarchy with the removeKeymap() method. 

For example, to create and add a new Keymap toaJTextField andusethedefaulttextcomponentKeymap
as resolving parent, we might do something like the following:

  Keymap keymap = myJTextField.getKeymap();
  Keymap myKeymap = myJTextField.addKeymap("MyKeymap", keymap);

W ecan then add KeyStroke/Action pairsto myKeymap with theaddActionForKeyStroke() m ethod
(we will see an example of this in the next section).

Note:Recallfrom section 2.13.4 thatKeyListenerswillreceivekeyeventsbeforeatextcomponent’sKeymap.
Although the use of Keymaps is encouraged, handling keyboard events with KeyListeners is still allowed.

19.1.24 TextAction

abstract class javax.swing.text.TextAction

EditorKits are,among otherthings,responsible formaking a setof Actions available forperforming
common texteditorfunctionsbased on agiven contenttype.EditorKitsnormally useinnersub-classesof
TextAction forthis,as itextends AbstractAction (see 12.1.24),and provides a relatively powerful
means ofdetermining the targetcomponentto invoke the action on (by taking advantage ofthe factthat

4 As of Java 2 FCS, this method simply returns null, and is marked as “TBD” (assumably meaning “to be done”).
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JTextComponent keepstrack ofthe mostrecenttextcomponentwith the focus,retrievable with itsstatic
getFocusedComponent() m ethod). The TextAction constructortakesthe String to be used asthat
action’s name,and passes itto its super-class constructor.W hen sub-classing TextAction,we normally
define an actionPerformed() method, which is responsible for performing the desired action when passed 
an ActionEvent.W ithin this method,we can use TextAction’s getTextComponent() m ethod to
determine which text component the action should be invoked on.

19.1.25 EditorKit

abstract class javax.swing.text.EditorKit

EditorKits are responsible for the following functionality:

Supportforan appropriate Document m odel.An EditorKit ismeantto specifically supportonetypeof
content,aString description ofwhich should beretrievablewith the getContentType() m ethod.A
corresponding Document instance should be returned by the createDefaultDocument() m ethod,
and the EditorKit should be able to read() and write() that Document to
InputStreams/OutputStreams and Readers/Writers, respectively

SupportforView production through a ViewFactory implementation.Thisbehaviorisactually optional,
as View production will default to a text component’s UI delegate if its EditorKit’s
getViewFactory() m ethod returns null (see 19.1.28 and 19.1.29 formore about Views and the
ViewFactory interface).

SupportforasetofActionsthatcan beinvoked on a textcomponentusing the appropriate Document.
Normally these Actions are instances of TextAction and are defined as inner classes. An
EditorKit’sActions are meant to be retrievable in an array with its getActions() method.

19.1.26 DefaultEditorKit

class javax.swing.text.DefaultEditorKit

DefaultEditorKit extends EditorKit, and defines a series of TextAction sub-classes and
correspondingnameStrings(seeAPIdocs).Eightoftheseforty-six inneraction classesarepublic,and can
be instantiated with a default constructor: BeepAction, CopyAction, CutAction,
DefaultKeyTypedAction, InsertBreakAction, InsertContentAction, InsertTabAction,
and PasteAction.DefaultEditorKit m aintainsinstancesofallitsinnerAction classes in an array
retrievable with its getActions() m ethod.W e can access any of these Actions easily by defining a
Hashtable with Action.NAME keys and Action values:5

  Hashtable actionTable = new Hashtable
  Action[] actions = myEditorKit.getActions();
  for (int i=0; i < actions.length; i++) {
    String actionName = (String) actions[i].getValue(Action.NAME);
    actionTable.put(actionName, actions[i]);
  }

W ecan then retrieveany ofthese Actionswith DefaultEditorKit’sstaticString fields.Forexample,
the following retrieves the action responsible for selecting all text in a document:

  Action selectAll = (Action) actionTable.get(
    DefaultEditorKit.selectAllAction);

TheseActionscanbeusedinmenusandtoolbars,orwithothercontrols,forconvenientcontrolofplaintext
components.

5 See p.918, Java Swing, by Robert Eckstein, M arcLoy, and Dave W ood, O ’Reilly & Associates, 1998.
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DefaultEditorKit’s getViewFactory() m ethod returns null, which means the UI delegate is
responsible forcreating the hierarchy of Viewsnecessary forrendering a textcomponentcorrectly.Aswe
mentioned in the beginning ofthis chapter,JTextField,JPasswordField,and JTextArea alluse a
DefaultEditorKit.

Although EditorKitsareresponsibleformanaging asetofActionsand theircorresponding names,they
arenotactuallydirectlyresponsibleformakingthese Actionsaccessibletospecifictextcomponents.Thisis
where Keymaps fit in. For instance, take a look at the following code showing how the default
JTextComponent Keymap is created (from JTextComponent.java):

/**
 * This is the name of the default keymap that will be shared by all
 * JTextComponent instances unless they have had a different
 * keymap set. 
 */
public static final String DEFAULT_KEYMAP = "default";

/**
 * Default bindings for the default keymap if no other bindings
 * are given.
 */
static final KeyBinding[] defaultBindings = {
  new KeyBinding(KeyStroke.getKeyStroke(KeyEvent.VK_BACK_SPACE, 0),
    DefaultEditorKit.deletePrevCharAction),
  new KeyBinding(KeyStroke.getKeyStroke(KeyEvent.VK_DELETE, 0),
    DefaultEditorKit.deleteNextCharAction),
  new KeyBinding(KeyStroke.getKeyStroke(KeyEvent.VK_RIGHT, 0),
    DefaultEditorKit.forwardAction),
  new KeyBinding(KeyStroke.getKeyStroke(KeyEvent.VK_LEFT, 0),
    DefaultEditorKit.backwardAction)
};

static {
  try {
    keymapTable = new Hashtable(17);
    Keymap binding = addKeymap(DEFAULT_KEYMAP, null);
    binding.setDefaultAction(new
      DefaultEditorKit.DefaultKeyTypedAction());
    EditorKit kit = new DefaultEditorKit();
    loadKeymap(binding, defaultBindings, kit.getActions());
  } catch (Throwable e) {
    e.printStackTrace();
    keymapTable = new Hashtable(17);
  }
}

19.1.27 StyledEditorKit

class javax.swing.text.StyledEditorKit

This class extends DefaultEditorKit and defines seven additional inner Action classes, each of which is 
publicly accessible: AlignmentAction, BoldAction, FontFamilyAction, FontSizeAction,
ForegroundAction,ItalicAction, and UnderlineAction. All seven Actions are sub-classesofthe
innerStyledTextAction convenience class which extends TextAction.

Each of StyledEditorKit’sActions apply to styled text documents, and they are used by JEditorPane
andJTextPane.StyledEditorKit does not define its own capabilities for reading and writing styled text. 
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Instead thisfunctionalityisinherited from DefaultEditorKit which only providessupportforsaving and
loading plain text. The two StyledEditorKit sub-classes included with Swing,
javax.swing.text.html.HTMLEditorKit and javax.swing.text.rtf.RTFEditorKit, do
support styled text saving and loading for HTM L and RTF content types respectively.

StyledEditorKit’sgetViewFactory() m ethod returnsan instanceofaprivatestaticinnerclasscalled
StyledViewFactory which implements the ViewFactory interface as follows (from
StyledEditorKit.java):

static class StyledViewFactory implements ViewFactory {
  public View create(Element elem) {
    String kind = elem.getName();
  if (kind != null) {
    if (kind.equals(AbstractDocument.ContentElementName)) {

        return new LabelView(elem);
  } else if (kind.equals(AbstractDocument.ParagraphElementName)) {
      return new ParagraphView(elem);
  } else if (kind.equals(AbstractDocument.SectionElementName)) {
      return new BoxView(elem, View.Y_AXIS);
  } else if (kind.equals(StyleConstants.ComponentElementName)) {

 return new ComponentView(elem);
  } else if (kind.equals(StyleConstants.IconElementName)) {
      return new IconView(elem);
  }

  }
  // default to text display

    return new LabelView(elem);
}

}

The Viewsreturned by thisfactory’screate() method are based on the name property ofthe Element
passed as parameter. If an Element is not recognized, a LabelView is returned. In sum, because
StyledEditorKit’sgetViewFactory() method doesn’t return null, styled text components depend on 
theirEditorKitsratherthan theirUIdelegatesforproviding Views.The opposite istrue with plain text
components, which rely on their UI delegate for View creation.

19.1.28 View

abstract class javax.swing.text.View

This class describes an object responsible for graphically representing a portion of a text component’s
documentmodel.Thetextpackageincludesseveralextensionsofthisclassmeantforuseby varioustypesof
Elements.W ewillnotdiscusstheseclassesin detail,butabriefoverview willbeenough to provideahigh
level understanding of how text components are actually rendered.6

abstract interface TabableView: Used byViews whose size depends on the size of tabs.

abstract interface TabExpander:This interface extends TabableView and is used by Views
that support TabStops and TabSets (a set of TabStops). A TabStop describes the positioning of a tab 
character and the text appearing immediately after it.

class ComponentView: Used as a gateway view to a fully interactive embedded Component.

class IconView: Used as a gatewayView to an embedded Icon.

class PlainView: Used for rendering one line of non-wrapped text with one font and one color.

6 W e have only included the most commonly used set of text component Views in this list. There are several others 
responsible for significant text rendering functionality. See the O’Reilly book and API docs for details.
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class FieldView:ExtendsPlainView andaddsspecializedfunctionalityforrepresentingasingle-line
editor view (i.e. the ability to center text in a JTextField).

class PasswordView:Extends FieldView and addsthe ability to renderitscontentusing the echo
character of the associated component if it is a JPasswordField.

class LabelView: Used to render a range of styled text.

abstract class CompositeView:A View containing multiple child Views.AllViewscan contain
child Views,butonlyinstancesofCompositeView and BasicTextUI’sRootView (discussedbelow)
actually contain child Views by default.

class BoxView: ExtendsCompositeView and arranges a group of child Views in a rectangular box.

class ParagraphView:ExtendsBoxView and isresponsible forrendering a paragraph ofstyled text.
ParagraphView is made up of a number of child Elements organized as, or within, Views
representingsinglerowsofstyled text.ThisView supportslinewrapping,and ifan Element within the
content paragraph spans multiple lines, more than one View will be used to represent it.

class WrappedPlainView:Extends BoxView and is responsible forrendering multi-line,plain text
with line wrapping.

Alltextcomponentsin Swing useUIdelegatesderived from BasicTextUI bydefault.Thisclassdefinesan
inner class called RootView which acts as a gateway between a textcomponentand the actual View
hierarchy used to render it. 

Note:In chapter 22 we willtake advantage ofBasicTextUI’s rootview while implementing a solution for
printing styled text.The solution also requiresusto implementa custom BoxView sub-classresponsible for
rendering each of its child Views to a Graphics instance used in the printing process (see 22.4).

19.1.29 The ViewFactory interface

abstract interface javax.swing.text.ViewFactory

Thisinterface declaresone method:create(Element elem).Thismethod isresponsible forreturning a
View, possibly containing a hierarchy of Views, used to render a given Element. BasicTextUI
implements this interface,and unless a textcomponent’s EditorKit provides its own ViewFactory,
BasicTextUI’screate() m ethod willberesponsible forproviding allViews.Thisisthecasewith plain
textcomponents:JTextField,JPasswordField,and JTextArea.However,styled textcomponents,
JEditorPane and JTextPane,vary greatly depending on theircurrentcontenttype.Forthisreason their
Viewsare provided by the currently installed EditorKit.In thisway,custom Viewscan be provided to
render different types of styled content.

19.2 Date and time editor 

...by David M . Karr of Best Consulting and TCSI Corporation
TheDateTimeEditor classisapanelcontaining atextfield thatallowsdisplay and editing ofadate,time,
or date/time value. It doesn't use direct entry of text,butusestheUpandDownarrow keysormouseclickson
“spinner” buttonsto incrementand decrementfield values(e.g.day,month,year,orhour,minute,second).
The mouse can also be used to selectparticularsubfields.The Leftand Rightarrow keys move the caret
between fields. 

Thisclassisdesigned to be internationalized,although itassumessome conventions,such as a left-to-right
reading direction.Itdoesn'thave any locale-specific code,itjustusesthe locale framework integrated into
Java 2.Ifthe VM used doesn'tsupporta particularlocale,neitherwillthiscomponent.The Locale class
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encapsulatesa"language","country",and optional"variant".Each ofthesearestrings.Thepossiblevaluesof
"language"and "country"aredefined in theISO 639 and ISO 3166 standards,respectively.Thevariantsare
notstandardized.Forinstance,thelanguagecodesforEnglish,French,Chinese,and Japaneseare"en","fr",
"zh", and "ja". The country codes for the USA, France, and Canada are "US", "FR", and "CA". 

The currentLocale setting isused to qualify the variety ofresource classorpropertiesfile to obtain.For
instance,a class name with a suffix of"_fr_FR" indicates resources forfrench in France.The suffix of
"_fr_CA" indicates resources for french in Canada. 

Java2 hasspecificresourcesettingsformostoftheknown locales,including currency formats,dateformats,
numberformats,common textstrings,etcetera.Thisistheinformation thatthe DateTimeEditor classuses
indirectly, without having to manually encode locale-specific information. 

DateTimeEditor uses several Swing classes including: JTextField, Keymap, AbstractAction,
TextAction,and Caret.Italso uses severalnon-Swing classes including:Collections,Calendar
(both in package java.util), FieldPosition, and DateFormat (both in package java.text). The
Collections class is used to sort a list of FieldPosition objects by the beginIndex of each
FieldPosition. A custom Spinner class, described below, is usedtoallow incrementingordecrementing
of values with the mouse. 

DateTimeEditor's text field is an ordinary JTextField,anditusesthemethodsofJTextComponent to
communicate with and manipulate its Caret.

The inner classes UpDownAction,BackwardAction,ForwardAction,BeginAction, and EndAction
are subclasses of TextAction and AbstractAction, and are used to handle the arrow keys, and the H ome
andEndkeys.Alloftheseinnerclassesareusedinconcertwiththe Keymap classtocombinekeydefinitions
with action definitions. 

TheDateTimeEditor textfield listensforcaretstatechanges.Itdoesthisso itknowsexactly which field
the caret is in, and also to constrain the caret position to always be at the beginning of the current field. 

The most interesting interactions are with DateFormat‘s fields and its format() m ethod. W hat
DateTimeEditor gains from this is the ability to know whatfield the caretis in,so itknows how to
interpret the "increment" and "decrement" actions. 

OneofDateFormat‘s format() m ethodstakesa Date value,a StringBuffer to write the stringified
result into, and a single FieldPosition object. This last param eter is the key to the entire
DateTimeEditor component.The format() m ethod willupdatethegiven FieldPosition objectwith
thebegin and end offset for that field inthegivendate/timestring.The DateTimeEditor hasahardcoded
listofallfieldsfrom DateFormat.In aloop,itplugsin each ofthoseconstantsinto the format function,
and then storesthe resulting FieldPosition object.Itthen usesthe Collections.sort() m ethod to
sortthe listofFieldPositions by the beginning index ofeach.Using this sorted listand a given caret
position, we can easily determine what field the caret resides in. 

TheCalendar classisusedtofillinsomefunctionalitythatthe Date.setTime() m ethoddoesn'tprovide.
In  particular, in the codewhichincrementsordecrementsthecurrentfieldvalue,therearefourDateFormat
fields which cannot be set using Date.setTime(). Those fields are MONTH, WEEK_OF_MONTH,
WEEK_OF_YEAR, and YEAR.Forthesefields,DateTimeEditor m anipulatesaCalendar instanceandthen
callsCalendar.getTime() to get a new Date value.
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Figure 19.5 DateTim eEditor in the en_US locale

<<file figure19-5.gif>>

Figure 19.6 Spinner

<<file figure19-6.gif>>

The Code: DateTim eEditor.java
see\Chapter19\Karr

import java.awt.event.*;
import java.text.*;
import java.util.*;
import java.awt.*;
import javax.swing.*;
import javax.swing.border.*;
import javax.swing.text.*;
import javax.swing.event.*;

public class DateTimeEditor extends JPanel {
  public static final long ONE_SECOND = 1000;
  public static final long ONE_MINUTE = 60*ONE_SECOND;
  public static final long ONE_HOUR = 60*ONE_MINUTE;
  public static final long ONE_DAY = 24*ONE_HOUR;
  public static final long ONE_WEEK = 7*ONE_DAY;
  public final static int TIME = 0;
  public final static int DATE = 1;
  public final static int DATETIME = 2;
  private int m_timeOrDateType;
  private int m_lengthStyle;
  private DateFormat m_format;
  private Calendar m_calendar = Calendar.getInstance();
  private ArrayList m_fieldPositions = new ArrayList();
  private Date m_lastDate = new Date();
  private Caret m_caret;
  private int m_curField = -1;
  private JTextField m_textField;
  private Spinner m_spinner;
  private AbstractAction m_upAction = 
    new UpDownAction(1, "up");
  private AbstractAction m_downAction = 
    new UpDownAction(-1, "down");
  private int[] m_fieldTypes = {
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    DateFormat.ERA_FIELD,
    DateFormat.YEAR_FIELD,
    DateFormat.MONTH_FIELD,
    DateFormat.DATE_FIELD,
    DateFormat.HOUR_OF_DAY1_FIELD,
    DateFormat.HOUR_OF_DAY0_FIELD,
    DateFormat.MINUTE_FIELD,
    DateFormat.SECOND_FIELD,
    DateFormat.MILLISECOND_FIELD,
    DateFormat.DAY_OF_WEEK_FIELD,
    DateFormat.DAY_OF_YEAR_FIELD,
    DateFormat.DAY_OF_WEEK_IN_MONTH_FIELD,
    DateFormat.WEEK_OF_YEAR_FIELD,
    DateFormat.WEEK_OF_MONTH_FIELD,
    DateFormat.AM_PM_FIELD,
    DateFormat.HOUR1_FIELD,
    DateFormat.HOUR0_FIELD
  };

  public DateTimeEditor() {
    m_timeOrDateType = DATETIME;
    m_lengthStyle = DateFormat.SHORT;
    init();
  }

  public DateTimeEditor(int timeOrDateType) {
    m_timeOrDateType = timeOrDateType;
    m_lengthStyle = DateFormat.FULL;
    init();
  }

  public DateTimeEditor(int timeOrDateType, int lengthStyle) {
    m_timeOrDateType = timeOrDateType;
    m_lengthStyle = lengthStyle;
    init();
  }

  private void init() {
    setLayout(new BorderLayout());
    m_textField = new JTextField();
    m_spinner = new Spinner();
    m_spinner.getIncrementButton().addActionListener(m_upAction);
    m_spinner.getDecrementButton().addActionListener(m_downAction);
    add(m_textField, "Center");
    add(m_spinner, "East");
    m_caret = m_textField.getCaret();
    m_caret.addChangeListener(new ChangeListener() {
      public void stateChanged(ChangeEvent evt) { 
        setCurField(); 
      }
    });
    setupKeymap();
    reinit();
  }

  public int getTimeOrDateType() { return m_timeOrDateType; }
  public void setTimeOrDateType(int timeOrDateType) {
    m_timeOrDateType = timeOrDateType;
    reinit();
  }

  public int getLengthStyle() { return m_lengthStyle; }
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 public void setLengthStyle(int lengthStyle) {
    m_lengthStyle = lengthStyle;
    reinit();
  }

  public Date getDate() { return (m_lastDate); }
  public void setDate(Date date) {
    m_lastDate = date;
    m_calendar.setTime(m_lastDate);
    m_textField.setText(m_format.format(m_lastDate));
    getFieldPositions();
  }

  private int getFieldBeginIndex(int fieldNum) {
    int beginIndex = -1;
    for (Iterator iter = m_fieldPositions.iterator(); 
     iter.hasNext(); )
    {
      FieldPosition fieldPos = (FieldPosition) iter.next();
      if (fieldPos.getField() == fieldNum) {
        beginIndex = fieldPos.getBeginIndex();
        break;
      }
    }
    return (beginIndex);
  }

  private FieldPosition getFieldPosition(int fieldNum) {
    FieldPosition result = null;
    for (Iterator iter = m_fieldPositions.iterator(); 
     iter.hasNext(); )
    {
      FieldPosition fieldPosition = (FieldPosition) iter.next();
      if (fieldPosition.getField() == fieldNum) {
        result = fieldPosition;
        break;
      }
    }
    return (result);
  }

  private void reinit() {
    setupFormat();
    setDate(m_lastDate);
    m_caret.setDot(0);
    setCurField();
    repaint();
  }

  protected void setupFormat() {
    switch (m_timeOrDateType) {
      case TIME:
        m_format = DateFormat.getTimeInstance(m_lengthStyle);
        break;
      case DATE:
        m_format = DateFormat.getDateInstance(m_lengthStyle);
        break;
      case DATETIME:
        m_format = DateFormat.getDateTimeInstance(m_lengthStyle,
        m_lengthStyle);
        break;
    }
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  }

  protected class UpDownAction extends AbstractAction 
  {
    int m_direction; // +1 = up; -1 = down

    public UpDownAction(int direction, String name) {
      super(name);

m_direction = direction;
    }

    public void actionPerformed(ActionEvent evt) {
      if (!this.isEnabled())
        return;
      boolean dateSet  = true;
      switch (m_curField) {
        case DateFormat.AM_PM_FIELD:
          m_lastDate.setTime(m_lastDate.getTime() +
            (m_direction * 12*ONE_HOUR));
          break;
        case DateFormat.DATE_FIELD:
        case DateFormat.DAY_OF_WEEK_FIELD:
        case DateFormat.DAY_OF_WEEK_IN_MONTH_FIELD:
        case DateFormat.DAY_OF_YEAR_FIELD:
          m_lastDate.setTime(m_lastDate.getTime() +
            (m_direction * ONE_DAY));
          break;
        case DateFormat.ERA_FIELD:
          dateSet = false;
          break;
        case DateFormat.HOUR0_FIELD:
        case DateFormat.HOUR1_FIELD:
        case DateFormat.HOUR_OF_DAY0_FIELD:
        case DateFormat.HOUR_OF_DAY1_FIELD:
          m_lastDate.setTime(m_lastDate.getTime() +
            (m_direction * ONE_HOUR));
          break; 
        case DateFormat.MILLISECOND_FIELD:

 m_lastDate.setTime(m_lastDate.getTime() + 
            (m_direction * 1));
          break;
        case DateFormat.MINUTE_FIELD:
          m_lastDate.setTime(m_lastDate.getTime() +
            (m_direction * ONE_MINUTE));
          break;
        case DateFormat.MONTH_FIELD:
          m_calendar.set(Calendar.MONTH,
            m_calendar.get(Calendar.MONTH) + m_direction);
          m_lastDate = m_calendar.getTime();
          break;
        case DateFormat.SECOND_FIELD:
          m_lastDate.setTime(m_lastDate.getTime() +
            (m_direction * ONE_SECOND));
          break;
        case DateFormat.WEEK_OF_MONTH_FIELD:
          m_calendar.set(Calendar.WEEK_OF_MONTH,
            m_calendar.get(Calendar.WEEK_OF_MONTH) +
            m_direction);

   m_lastDate = m_calendar.getTime();
          break;
        case DateFormat.WEEK_OF_YEAR_FIELD:
          m_calendar.set(Calendar.WEEK_OF_MONTH,
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            m_calendar.get(Calendar.WEEK_OF_MONTH) +
            m_direction);
          m_lastDate = m_calendar.getTime();
          break;
        case DateFormat.YEAR_FIELD:
          m_calendar.set(Calendar.YEAR,
            m_calendar.get(Calendar.YEAR) + m_direction);
          m_lastDate = m_calendar.getTime();
          break;
        default:

dateSet = false;
      }

      if (dateSet) { 
        int fieldId = m_curField;
        setDate(m_lastDate);
        FieldPosition fieldPosition = getFieldPosition(fieldId);
        m_caret.setDot(fieldPosition.getBeginIndex());

        m_textField.requestFocus();
        repaint();
      }
    } 
  }

  protected class BackwardAction extends TextAction
  {
    BackwardAction(String name) { super(name); }

    public void actionPerformed(ActionEvent e) {
      JTextComponent target = getTextComponent(e);
      if (target != null) {
        int dot = target.getCaretPosition();
        if (dot > 0) {
          FieldPosition position = getPrevField(dot);
          if (position != null)
            target.setCaretPosition(
              position.getBeginIndex());
          else {
            position = getFirstField();
            if (position != null)
              target.setCaretPosition(
                position.getBeginIndex());
          }
        }
        else
          target.getToolkit().beep();
        target.getCaret().setMagicCaretPosition(null);
      }
    }
  }

  protected class ForwardAction extends TextAction 
  {
    ForwardAction(String name) { super(name); }

    public void actionPerformed(ActionEvent e) {
      JTextComponent target = getTextComponent(e);
      if (target != null) {
        FieldPosition position = getNextField(
          target.getCaretPosition());
        if (position != null)
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          target.setCaretPosition(position.getBeginIndex());
        else {
          position = getLastField();
          if (position != null)
            target.setCaretPosition(
              position.getBeginIndex());
        }
        target.getCaret().setMagicCaretPosition(null);
      }
    }
  }

  protected class BeginAction extends TextAction
  {
    BeginAction(String name) { super(name); }

    public void actionPerformed(ActionEvent e) {
      JTextComponent target = getTextComponent(e);
      if (target != null) {
        FieldPosition position = getFirstField();
        if (position != null)
          target.setCaretPosition(position.getBeginIndex());
      }
    }
  }

  protected class EndAction extends TextAction
  {
    EndAction(String name) { super(name); }

    public void actionPerformed(ActionEvent e) {
      JTextComponent target = getTextComponent(e);
      if (target != null) {
        FieldPosition position = getLastField();
        if (position != null)
          target.setCaretPosition(position.getBeginIndex());
      }
    }
  }

  protected void setupKeymap() {
    Keymap keymap = m_textField.addKeymap("DateTimeKeymap", null);
    keymap.addActionForKeyStroke(KeyStroke.getKeyStroke(
      KeyEvent.VK_UP, 0), m_upAction);
    keymap.addActionForKeyStroke(KeyStroke.getKeyStroke(
      KeyEvent.VK_DOWN, 0), m_downAction);
    keymap.addActionForKeyStroke(KeyStroke.getKeyStroke(
      KeyEvent.VK_LEFT, 0), new BackwardAction(DefaultEditorKit.
      backwardAction));
    keymap.addActionForKeyStroke(KeyStroke.getKeyStroke(
      KeyEvent.VK_RIGHT, 0), new ForwardAction(DefaultEditorKit.
      forwardAction));
    keymap.addActionForKeyStroke(KeyStroke.getKeyStroke(
      KeyEvent.VK_HOME, 0), new BeginAction(DefaultEditorKit.
      beginAction));
    keymap.addActionForKeyStroke(KeyStroke.getKeyStroke(
      KeyEvent.VK_END, 0), new EndAction(DefaultEditorKit.
      endAction));
    m_textField.setKeymap(keymap);
  }

  private void getFieldPositions() {
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    m_fieldPositions.clear();
    for (int ctr = 0; ctr < m_fieldTypes.length; ++ ctr) {
      int fieldId = m_fieldTypes[ctr];
      FieldPosition fieldPosition = new FieldPosition(fieldId);
      StringBuffer formattedField = new StringBuffer();
      m_format.format(m_lastDate, formattedField, fieldPosition);
      if (fieldPosition.getEndIndex() > 0)
        m_fieldPositions.add(fieldPosition);
    }
    m_fieldPositions.trimToSize();
    Collections.sort(m_fieldPositions,
      new Comparator() {
        public int compare(Object o1, Object o2) {
          return (((FieldPosition) o1).getBeginIndex() -

   ((FieldPosition) o2).getBeginIndex());
        }
      }
    );
  }

  private FieldPosition getField(int caretLoc) {
    FieldPosition fieldPosition = null;
    for (Iterator iter = m_fieldPositions.iterator(); 
     iter.hasNext(); ) 
    {
      FieldPosition chkFieldPosition = 
        (FieldPosition) iter.next();
      if ((chkFieldPosition.getBeginIndex() <= caretLoc) &&
       (chkFieldPosition.getEndIndex() > caretLoc))
      {
        fieldPosition = chkFieldPosition;
        break;
      }

}
    return (fieldPosition);
  }

  private FieldPosition getPrevField(int caretLoc) {
    FieldPosition fieldPosition = null;
    for (int ctr = m_fieldPositions.size() - 1; ctr > -1; -- ctr) {
      FieldPosition chkFieldPosition =
        (FieldPosition) m_fieldPositions.get(ctr);
      if (chkFieldPosition.getEndIndex() <= caretLoc) {
        fieldPosition = chkFieldPosition;
        break;
      }
    }
    return (fieldPosition);
  }

  private FieldPosition getNextField(int caretLoc) {
    FieldPosition  fieldPosition = null;
    for (Iterator iter = m_fieldPositions.iterator(); 
     iter.hasNext(); )
    {
      FieldPosition chkFieldPosition = 
        (FieldPosition) iter.next();
      if (chkFieldPosition.getBeginIndex() > caretLoc) {
        fieldPosition = chkFieldPosition;
        break;
      }
    }
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    return (fieldPosition);
  }

  private FieldPosition getFirstField() {
    FieldPosition result = null;
    try { result = ((FieldPosition) m_fieldPositions.get(0)); }
    catch (NoSuchElementException ex) {}
    return (result);
  }

  private FieldPosition getLastField() {
    FieldPosition result = null;
    try {
      result =
        ((FieldPosition) m_fieldPositions.get(
          m_fieldPositions.size() - 1));
    }
    catch (NoSuchElementException ex) {}
    return (result);
  }

  private void setCurField() {
    FieldPosition fieldPosition = getField(m_caret.getDot());
    if (fieldPosition != null) {
      if (m_caret.getDot() != fieldPosition.getBeginIndex())
        m_caret.setDot(fieldPosition.getBeginIndex());
    }
    else {
      fieldPosition = getPrevField(m_caret.getDot());
      if (fieldPosition != null)
        m_caret.setDot(fieldPosition.getBeginIndex());
      else {
        fieldPosition = getFirstField();

  if (fieldPosition != null)
          m_caret.setDot(fieldPosition.getBeginIndex());
      }
    }

    if (fieldPosition != null)
      m_curField = fieldPosition.getField();
    else
      m_curField = -1;
  }

  public void setEnabled(boolean enable) {
    m_textField.setEnabled(enable);
    m_spinner.setEnabled(enable);
  }

  public boolean isEnabled() { 
    return (m_textField.isEnabled() && m_spinner.isEnabled()); 
  }

  public static void main (String[] args) {
    JFrame frame = new JFrame();
    frame.addWindowListener(new WindowAdapter() {
      public void windowClosing(WindowEvent evt)
      { System.exit(0); }
    });

    JPanel panel = new JPanel(new BorderLayout());
    panel.setBorder(new EmptyBorder(5, 5, 5, 5));
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    frame.setContentPane(panel);
    final DateTimeEditor field =
      new DateTimeEditor(DateTimeEditor.DATETIME, 
      DateFormat.FULL);
    panel.add(field, "North");

    JPanel buttonBox = new JPanel(new GridLayout(2, 2));
    JButton showDateButton = new JButton("Show Date");
    buttonBox.add(showDateButton);

    final JComboBox timeDateChoice = new JComboBox();
    timeDateChoice.addItem("Time");
    timeDateChoice.addItem("Date");
    timeDateChoice.addItem("Date/Time");
    timeDateChoice.setSelectedIndex(2);
    timeDateChoice.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent evt) {
        field.setTimeOrDateType(timeDateChoice.
        getSelectedIndex());
      }
    });
    buttonBox.add(timeDateChoice);

    JButton toggleButton = new JButton("Toggle Enable");
    buttonBox.add(toggleButton);
    showDateButton.addActionListener(new ActionListener() { 
      public void actionPerformed(ActionEvent evt)
      { System.out.println(field.getDate()); } 
    });
    toggleButton.addActionListener(new ActionListener() { 
      public void actionPerformed(ActionEvent evt)
      { field.setEnabled(!field.isEnabled());} 
    });
    panel.add(buttonBox, "South");

    final JComboBox lengthStyleChoice = new JComboBox();
    lengthStyleChoice.addItem("Full");
    lengthStyleChoice.addItem("Long");
    lengthStyleChoice.addItem("Medium");
    lengthStyleChoice.addItem("Short");
    lengthStyleChoice.addActionListener(new ActionListener() {
      public void actionPerformed(ActionEvent evt) {
        field.setLengthStyle(lengthStyleChoice.
          getSelectedIndex());
      }
    });
    buttonBox.add(lengthStyleChoice);

    frame.pack();
    Dimension dim = frame.getToolkit().getScreenSize();
    frame.setLocation(dim.width/2 - frame.getWidth()/2,
      dim.height/2 - frame.getHeight()/2);
    frame.show();
  }
}

The Code: Spinner.java
see\Chapter19\Karr

import java.util.*;
import java.lang.reflect.*;
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import java.awt.*;
import javax.swing.*;
import javax.swing.plaf.*;
import javax.swing.plaf.basic.*;

public class Spinner extends JPanel
{
  private int m_orientation = SwingConstants.VERTICAL;
  private BasicArrowButton m_incrementButton;
  private BasicArrowButton m_decrementButton;

  public Spinner() { createComponents(); }

 public Spinner(int orientation) {
    m_orientation = orientation;
    createComponents();
  }

  public void setEnabled(boolean enable) {
    m_incrementButton.setEnabled(enable);
    m_decrementButton.setEnabled(enable);
  }

  public boolean isEnabled() {
    return (m_incrementButton.isEnabled() &&
      m_decrementButton.isEnabled());
  }

  protected void createComponents() {
    if (m_orientation == SwingConstants.VERTICAL) {
      setLayout(new GridLayout(2, 1));
      m_incrementButton = new BasicArrowButton(
        SwingConstants.NORTH);
      m_decrementButton = new BasicArrowButton(
        SwingConstants.SOUTH);
      add(m_incrementButton);
      add(m_decrementButton);
    }
    else if (m_orientation == SwingConstants.HORIZONTAL) {

 setLayout(new GridLayout(1, 2));
      m_incrementButton = new BasicArrowButton(
        SwingConstants.EAST);
      m_decrementButton = new BasicArrowButton(
        SwingConstants.WEST);
      add(m_decrementButton);
      add(m_incrementButton);
    }
  }

  public JButton getIncrementButton() { 
    return (m_incrementButton); }
  public JButton getDecrementButton() { 
    return (m_decrementButton); }

  public static void main(String[] args) {
    JFrame frame = new JFrame();
    JPanel panel = (JPanel) frame.getContentPane();
    panel.setLayout(new BorderLayout());
    JTextField  field = new JTextField(20);
    Spinner spinner = new Spinner();

    panel.add(field, "Center");
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    panel.add(spinner, "East");

    Dimension dim = frame.getToolkit().getScreenSize();
    frame.setLocation(dim.width/2 - frame.getWidth()/2,
      dim.height/2 - frame.getHeight()/2);
    frame.pack();
    frame.show();
  }
}

Understanding the Code:

Class DateTimeEditor

The m_fieldTypes array containsallofthe field alignmentconstantsdefined in the DateFormat class.
Theseare allofthe piecesofa time ordate value thatwe should expectto see.The orderin thislistisnot
important.Each value is plugged into DateFormat.format() to determine where each field is in the
stringified date/time value. 

The defaultconstructormakesthe field display date and time,in a SHORT format,which the DateFormat
classdescribesas“completelynumeric",such as"12.13.52"or"3:30pm".Thesecond constructorcan specify
whether the field will display time, date, or date and time. In addition, it sets it into the FULL format, which the 
DateFormat class describes as "pretty completely specified",such as "Tuesday,April12,1952 AD" or
"3:30:42pm PST".The third constructorcan specify the time/date type,and the length style,being SHORT,
MEDIUM,LONG, or FULL (fields in DateFormat).

Each of the constructors calls a common init() m ethod, which initializes the caret, registers a
ChangeListener onthecaret(toupdatewhichfieldthe caretisin),setsupthekeymap(up,down,left,and
rightarrow keys),andcallsthereinit() m ethodwhichdoessomeadditionalinitialization(thismethodcan
be called any time, not just during initial construction).

ThesetupKeymap() m ethoddefinesthekeymapfortheUp,Down,Left,andRightarrow keys.Itfirstadds
anew keymapwithanull parent,sothatnootherkeymapswillbeused.ItassociatesActionswiththekey
strokes we want to allow. Then the setKeymap() method is called to assign this keymap to our text field.

Each time a new date is set, either at initialization or by changing one of the field values, the
getFieldPositions() m ethod is called. This method uses the DateFormat.format() m ethod,
plugging in the Date value,and each oneoftheDateFormat fields.A new FieldPosition objectisset
which specifies the beginning and end indices for each field of the given date. All of the resulting
FieldPosition objectsarestoredintothe m_fieldPositions list,andsortedusingthebeginning index
(using the Collections class).Itissorted in thisfashion to makeiteasy to determinethefield associated
with a particularcaretlocation.The BackwardAction and ForwardAction classes(see below)use this
sorted list to quickly move to the previous or next date/time value.

Afterthe m_fieldPositions listis set,severalmethods search thatlist,eitherdirectly orindirectly,to
moveto aparticularfield,orfind outwhatthe currentfield is.The getField(),getPrevField(),and
getNextField() methods all take a caret location and return the current, previous, or next field,
respectively. The getFirstField() and getLastField() m ethods return the first and last fields,
respectively.And finally,the setCurField() m ethod getsthefield thecaretisin and adjuststhecaretto
lieatthebeginning ofthefield.Thismethod isused when anew dateisset,ortheuserusesthemouseto set
the caret location.

The setEnabled() and isEnabled() m ethodsallow the componentto be disabled orenabled,and to
check on the enabled status of the component (which includes both the text field and the custom spinner).
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The main() m ethod of this class is used as a demonstration of its capabilities. It presents a
DateTimeEditor,a"Show Date"button,and a"Toggle Enable"button.W hen the"Show Date"button is
pressed,itprintsthecurrentdatevalueshown in thefield to standard output.(Thestring printed isalwaysin
the "english US" locale, irrespective of the current locale being used to display the DateTimeEditor.)W hen
the"ToggleEnable"button ispressed,itwilltoggletheenabled statusofthecomponentwhich graysoutthe
text field and the spinner buttons when disabled.

Asofthe firstofficialJava 2 public release there isa bug in the area ofdistribution ofkey events.In the
method setupKeymap(),wespecifically limitthekeymap so thatonly six keystrokesshould berecognized
in the component,the fourarrow keysand the Home and End keys.However,asa resultofthisbug,some
platforms will allow normal characters to be inserted into the field, violating the integrity of the Date value.

Toworkaroundthis,asmallamountofcodecanbeaddedtothisexampletoavoidtheproblem.Thesolution
requires two pieces:

1.In thesetDate() m ethod, which istheonly placewherethetextofthefield should bemodified,we
toggle a flag just before and after setting the text, indicating that we are trying to set the text of the field.

2.W e create a new class,DateTimeDocument,extending PlainDocument,and send an instance of
this class to the setDocument m ethod of JTextField. The insertString() m ethod of
DateTimeDocument only calls super.insertString() if the flag (from item 1) is true.

The exact changes are the following:

1. Add the declaration of m_settingDateText to the variables section:

    private boolean m_settingDateText = false;

2. Change the setDate method to the following:

    public void setDate(Date date) {
      m_lastDate = date;
      m_calendar.setTime(m_lastDate);
      m_settingDateText = true;
      m_textField.setText(m_format.format(m_lastDate));
      m_settingDateText = false;
      getFieldPositions();
    }

3.In the init m ethod,send an instance of DateTimeDocument to the setDocument m ethod of the
JTextField instance to set the Document:

    m_textField.setDocument(new DateTimeDocument());

3. Add the DateTimeDocument class:

    protected class DateTimeDocument extends PlainDocument 
    {
      public void insertString(int offset, 
       String str, AttributeSet a) throws BadLocationException 
      {
        if (m_settingDateText)
          super.insertString(offset, str, a);
      }
    }
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Class DateTimeEditor.UpDownAction

TheUpDownAction classisusedastheactionforthe"up"and"down"arrow keys.W henexecuted,thiswill
increment or decrement the value of the field the caret is in. W hen values "roll over" (or "roll
down"),likeincrementing thedayfrom "31"to "1",then thiswillchangeotherfields,likethemonth field,in
this example. One instance of this class is used to move in the "up" direction, and one instance is used to move 
in the"down"direction.foreach field,itcalculatesthenew timeordatevalue,and uses Date.setTime()
orCalendar.set() to setthe new date ortime.Itwillcheck forallof the field types specified in the
DateFormat class (also listed in the m_fieldTypes array), although several wouldneverbeseenincertain
locales. If the component is presently disabled, no modifications will be performed on the data. 

Class DateTimeEditor.BackwardAction

TheBackwardAction class is used as the action for the leftarrow key.W henexecuted,itwillmovethetext
caretfrom the beginning ofone field to the beginning ofthe previousfield.Itusesthe getPrevField()
m ethod to get the field previous to the current one.

Class DateTimeEditor.ForwardAction

TheForwardAction class is used as the action for therightarrow key.W henexecuted,itwillmovethetext
caretfrom thebeginning ofthecurrentfield to thebeginning ofthenextfield.It usesthegetNextField()
m ethod to get the field following the current one. 

Class DateTimeEditor.BeginAction & DateTimeEditor.EndAction

TheBeginAction and EndAction classesmovethetextcaretto thebeginning ofthefirstand lastfields,
respectively.

Class Spinner

The Spinner class justuses two BasicArrowButtons,in eithera verticalorhorizontalorientation.It
provides an API to get the increment or decrement buttons so you can attach listeners to them.

Running the Code

DateTimeEditor can be compiled and executed asis.By default,itwillpresenta date/time value in the
currentlocale.You can experimentwith thisby setting the “LANG” environmentvariable to a legallocale
string.It'spossible thatnotalllegallocale stringswillshow any difference in the presentation,oreven be
correctly recognized.Ifound only majorlocaleslike “es” (spanish),“fr” (french),and “it” (italian)would
work.

W hen you push the “Show Date"button,itwillprinttheenglish valueofthe Date to standard output.W hen
youpushthe “ToggleEnable” button,itwilltoggletheenabled stateofthetextfield.W hen itisdisabled,the
textisslightly grayed out,the up and down arrow keysdo nothing,and the spinnerbuttonsare insensitive.
Figure 19.5 shows DateTimeEditor in action.

In addition,the Spinner classcan be compiled and run asa standalone demonstration.W hen run,itwill
presentan empty textfield with the spinnerbuttonsto the rightofit.Aspresented,itdoesn'tdo much,not
showing any behavioralconnection between thecomponent(thetextfield)and the Spinner,butthisdoes
show whattheSpinner lookslikewhen connected to acomponent.Figure19.6 showswhatthe Spinner
class looks like when run.
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Chapter 20. Constructing a W ord 
Processor
In this chapter:

• W ord Processor: part I - Introducing RTF

• W ord Processor: part II - M anaging fonts

• W ord Processor: part III - Colors and images

• W ord Processor: part IV -W orking with styles

• W ord Processor: part V - Clipboard and undo/redo

• W ord Processor: part VI- Advanced font mangement

• W ord Processor: part VII - Paragraph formatting

• W ord Processor: part VIII - Find and replace

• W ord Processor: part IX - Spell checker [using JDBC and SQL]

This chapteris devoted to the construction ofa fully-functionalRTF word processorapplication.Though

Swing’sHTM L and RTF capabilitiesare very powerful,they are notyetcomplete.RTF supportisfurther

along than HTM L,and thisiswhywechoseto design ourword processorforusewith RTF documents.7 The 

examplesin thischapterdemonstratepracticalapplicationsofmany ofthetopicscovered in chapter19.The

main focus throughoutis working with styled textdocuments,and the techniques discussed here can be

applied to any styled text editor.

Note:W hen running theexamplesin thischapter,do notbesurprised when you seeaseriesof‘unknown keyword’
warningsorexception problemswith variousViews.You willalso see the following message displayed to
emphasizethefactthatRTF supportisstillintheworks:“Problemsencountered:NotethatRTF supportisstill
under development.”

20.1 W ord Processor: part I - Introducing RTF

This basic example uses the capabilities of JTextPane and RTFEditorKit to display and editRTF

documents.Itdemonstrates very basic word processorfunctionality,opening and saving an RTF file,and

serves as the foundation for our word processor application to be expanded upon throughout this chapter.

Note:In thisseriesofexamplesourgoalisto demonstratethemostsignificantavailablefeaturesofadvanced text
editing in Swing (even ifthey do notallcurrently work properly).To avoid losing focus ofthis goalwe
intentionallyomitseveraltypicalword processorfeaturessuch asan M DIinterface,statusbar,and promptsto
save the current file before closing.

7 Expect to see complete HTM L coverage and examples in a future edition of this book. Also keep an eye on the 
Swing Connection site for updates. As we go to print there are rumors of several HTM L editor examples in the 
works.
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Figure 20.1 JTextPane displaying an RTF docum ent.

<<file figure20-1.gif>>

The Code: W ordProcessor.java

see\Chapter20\1

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.text.*;
import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.text.rtf.*;

public class WordProcessor extends JFrame 
{
  protected JTextPane m_monitor;
  protected StyleContext m_context; 
  protected DefaultStyledDocument m_doc;
  protected RTFEditorKit m_kit;
  protected JFileChooser m_chooser;
  protected SimpleFilter m_rtfFilter;
  protected JToolBar m_toolBar;

  public WordProcessor() {
    super("RTF Word Processor");
    setSize(600, 400);

    // Make sure we install the editor kit before creating
    // the initial document.
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    m_monitor = new JTextPane();
    m_kit = new RTFEditorKit();
    m_monitor.setEditorKit(m_kit);
    m_context = new StyleContext();
    m_doc = new DefaultStyledDocument(m_context);
   m_monitor.setDocument(m_doc);

    JScrollPane ps = new JScrollPane(m_monitor);
    getContentPane().add(ps, BorderLayout.CENTER);

    JMenuBar menuBar = createMenuBar();
    setJMenuBar(menuBar);

    m_chooser = new JFileChooser(); 
    m_chooser.setCurrentDirectory(new File("."));
    m_rtfFilter = new SimpleFilter("rtf", "RTF Documents");
    m_chooser.setFileFilter(m_rtfFilter);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  protected JMenuBar createMenuBar() {
    JMenuBar menuBar = new JMenuBar();

    JMenu mFile = new JMenu("File");
    mFile.setMnemonic('f');

    ImageIcon iconNew = new ImageIcon("file_new.gif");
    Action actionNew = new AbstractAction("New", iconNew) { 
      public void actionPerformed(ActionEvent e) {
        m_doc = new DefaultStyledDocument(m_context);
        m_monitor.setDocument(m_doc);
      }
   };
    JMenuItem item =  mFile.add(actionNew);
    item.setMnemonic('n');

    ImageIcon iconOpen = new ImageIcon("file_open.gif");
    Action actionOpen = new AbstractAction("Open...", iconOpen) { 
      public void actionPerformed(ActionEvent e) {
       WordProcessor.this.setCursor(
          Cursor.getPredefinedCursor(Cursor.WAIT_CURSOR));
        Thread runner = new Thread() {
          public void run() {
            if (m_chooser.showOpenDialog(WordProcessor.this) != 
             JFileChooser.APPROVE_OPTION)
              return;
            WordProcessor.this.repaint();
            File fChoosen = m_chooser.getSelectedFile();

            // Recall that text component read/write operations are 
            // thread safe. Its ok to do this in a separate thread.
            try {
              InputStream in = new FileInputStream(fChoosen);
              m_doc = new DefaultStyledDocument(m_context);
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              m_kit.read(in, m_doc, 0);
              m_monitor.setDocument(m_doc);

 in.close();
            } 
            catch (Exception ex) {
              ex.printStackTrace();
            }
            WordProcessor.this.setCursor(Cursor.getPredefinedCursor(
              Cursor.DEFAULT_CURSOR));
          }
        };
        runner.start();
      }
    };
    item =  mFile.add(actionOpen);
    item.setMnemonic('o');

    ImageIcon iconSave = new ImageIcon("file_save.gif");
    Action actionSave = new AbstractAction("Save...", iconSave) {
      public void actionPerformed(ActionEvent e) {
        WordProcessor.this.setCursor(
          Cursor.getPredefinedCursor(Cursor.WAIT_CURSOR));
        Thread runner = new Thread() {
          public void run() {
            if (m_chooser.showSaveDialog(WordProcessor.this) !=
             JFileChooser.APPROVE_OPTION)
              return;
            WordProcessor.this.repaint();
            File fChoosen = m_chooser.getSelectedFile();

            // Recall that text component read/write operations are
            // thread safe. Its ok to do this in a separate thread.
            try {
              OutputStream out = new FileOutputStream(fChoosen);
              m_kit.write(out, m_doc, 0, m_doc.getLength());
              out.close();
            } 
            catch (Exception ex) {

       ex.printStackTrace();
            }

            // Make sure chooser is updated to reflect new file
            m_chooser.rescanCurrentDirectory();
            WordProcessor.this.setCursor(Cursor.getPredefinedCursor(
              Cursor.DEFAULT_CURSOR));
          }
        };
        runner.start();
      }
    };
    item = mFile.add(actionSave);
    item.setMnemonic('s');

    mFile.addSeparator();

    Action actionExit = new AbstractAction("Exit") { 
      public void actionPerformed(ActionEvent e) {
        System.exit(0);
      }
    };

    item =  mFile.add(actionExit);
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    item.setMnemonic('x');
    menuBar.add(mFile);

    m_toolBar = new JToolBar();
    JButton bNew = new SmallButton(actionNew, "New document");
    m_toolBar.add(bNew);

    JButton bOpen = new SmallButton(actionOpen, "Open RTF document");
    m_toolBar.add(bOpen);

    JButton bSave = new SmallButton(actionSave, "Save RTF document");
    m_toolBar.add(bSave);

    getContentPane().add(m_toolBar, BorderLayout.NORTH);

    return menuBar;
  }

  public static void main(String argv[]) {
    new WordProcessor();
  }
}

// Class SmallButton unchanged from section 12.4

// Class SimpleFilter unchanged from section 14.1.9

Understanding the Code

ClassW ordProcessor

ThisclassextendsJFrame to provide the supporting frame forthisexample.Severalinstance variablesare

declared:

JTextPane m_monitor: text component.

StyleContext m_context:a group ofstylesand theirassociated resourcesforthe documentsin this

example.

DefaultStyledDocument m_doc: current document model.

RTFEditorKit m_kit: editor kit that knows how to read/write RTF documents.

JFileChooser m_chooser: file chooser used to load and save RTF files.

SimpleFilter m_rtfFilter: file filter for “.rtf” files.

JToolBar m_toolBar: toolbar containing open, save, and new document buttons.

The WordProcessor constructorfirstinstantiatesourJTextPane and RTFEditorKit,and assignsthe

editor kitto the textpane (itis importantthatthis is done before any documents are created).Nextour

StyleContext is instantiated and we build our DefaultStyledDocument with it. The

DefaultStyledDocument is then set as our text pane’s current document.

The createMenuBar() m ethod createsa menu barwith a single menu titled “File.” M enu items “New,”

“Open,” “Save,” and “Exit” are added to the menu.The firstthree itemsare duplicated in the toolbar.This

codeisvery similarto thecodeused in theexamplesofchapter12.Theimportantdifferenceisthat w euse

InputStreams and OutputStreams ratherthan Readers and Writers.Thereason forthisisthatRTF



45

uses 1-byte encoding which is incompatible with the 2-byte encoding used by readers and writers.

W arning: An attempt to invoke read() will throw an exception when JTextPane is using an RTFEditorKit.

Running the Code

Use menu ortoolbarbuttonsto open an RTF file (a sample RTF file is provided in the \swing\Chapter20

directory). Save the RTF fileandopenitinanotherRTF-awareapplication(suchasM icrosoftW ord)toverify

compatibility.

20.2 W ord Processor: part II - M anaging fonts

Thefollowingexampleaddstheabilitytoselectanyfontavailableon thesystem.Thisfunctionalityissimilar

tothe“Font” menuusedintheexamplesofchapter12.The importantdifferencehereisthattheselected font

applies not to the whole text component (the only possible thing with plain text documents), but to the selected 

region of our RTF styled document text.

Figure 20.2 JTextPane w ord processor allow ing font attribute assignm ents to selected text.

<<file figure20-1.gif>>

The Code: W ordProcessor.java

see\Chapter20\2

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;
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import javax.swing.*;
import javax.swing.text.*;
import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.text.rtf.*;

public class WordProcessor extends JFrame 
{
  protected JTextPane m_monitor;
  protected StyleContext m_context; 
  protected DefaultStyledDocument m_doc;
  protected RTFEditorKit m_kit;
  protected JFileChooser m_chooser;
  protected SimpleFilter m_rtfFilter;
  protected JToolBar m_toolBar;

  protected JComboBox m_cbFonts;
  protected JComboBox m_cbSizes;
  protected SmallToggleButton m_bBold;
  protected SmallToggleButton m_bItalic;

  protected String m_fontName = "";
  protected int m_fontSize = 0;
  protected boolean m_skipUpdate;

  protected int m_xStart = -1;
  protected int m_xFinish = -1;

  public WordProcessor() {
    // Unchanged code from section 20.1

    CaretListener lst = new CaretListener() {
      public void caretUpdate(CaretEvent e) {
        showAttributes(e.getDot());
      }
    };
    m_monitor.addCaretListener(lst);

    FocusListener flst = new FocusListener() { 
      public void focusGained(FocusEvent e) {
        if (m_xStart>=0 && m_xFinish>=0)
          if (m_monitor.getCaretPosition()==m_xStart) {
            m_monitor.setCaretPosition(m_xFinish);
            m_monitor.moveCaretPosition(m_xStart);
          }
          else
            m_monitor.select(m_xStart, m_xFinish);
      }

      public void focusLost(FocusEvent e) {
        m_xStart = m_monitor.getSelectionStart();
        m_xFinish = m_monitor.getSelectionEnd();
      }
    };
    m_monitor.addFocusListener(flst);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);
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    showAttributes(0);
    setVisible(true);
  }

  protected JMenuBar createMenuBar() {
    // Unchaged code from section 20.1

    // The following line is added to the end of the
    // actionNew and actionOpen actionPerformed() methods:
    // 
    // showAttributes(0);
    //
    // (see source code; these methods are not shown here
    //  to conserve space)

    // Unchaged code from section 20.1

    GraphicsEnvironment ge = GraphicsEnvironment.
      getLocalGraphicsEnvironment();
    String[] fontNames = ge.getAvailableFontFamilyNames();

    m_toolBar.addSeparator();
    m_cbFonts = new JComboBox(fontNames);
    m_cbFonts.setMaximumSize(m_cbFonts.getPreferredSize());
    m_cbFonts.setEditable(true);

    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        m_fontName = m_cbFonts.getSelectedItem().toString();
        MutableAttributeSet attr = new SimpleAttributeSet();
        StyleConstants.setFontFamily(attr, m_fontName);
        setAttributeSet(attr);
        m_monitor.grabFocus();
      }
    };
    m_cbFonts.addActionListener(lst);
   m_toolBar.add(m_cbFonts);

    m_toolBar.addSeparator();
    m_cbSizes = new JComboBox(new String[] {"8", "9", "10", 
      "11", "12", "14", "16", "18", "20", "22", "24", "26", 
      "28", "36", "48", "72"});
    m_cbSizes.setMaximumSize(m_cbSizes.getPreferredSize());
    m_cbSizes.setEditable(true);

    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        int fontSize = 0;
        try {
          fontSize = Integer.parseInt(m_cbSizes.
            getSelectedItem().toString());
        }
        catch (NumberFormatException ex) { return; }

        m_fontSize = fontSize;
        MutableAttributeSet attr = new SimpleAttributeSet();
        StyleConstants.setFontSize(attr, fontSize);
        setAttributeSet(attr);

    m_monitor.grabFocus();
      }
    };
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    m_cbSizes.addActionListener(lst);
    m_toolBar.add(m_cbSizes);

    m_toolBar.addSeparator();
    ImageIcon img1 = new ImageIcon("font_bold1.gif");
    ImageIcon img2 = new ImageIcon("font_bold2.gif");
    m_bBold = new SmallToggleButton(false, img1, img2, 
      "Bold font");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        MutableAttributeSet attr = new SimpleAttributeSet();
        StyleConstants.setBold(attr, m_bBold.isSelected());
        setAttributeSet(attr);
        m_monitor.grabFocus();
      }
    };
    m_bBold.addActionListener(lst);
    m_toolBar.add(m_bBold);

    img1 = new ImageIcon("font_italic1.gif");
    img2 = new ImageIcon("font_italic2.gif");
    m_bItalic = new SmallToggleButton(false, img1, img2, 
      "Italic font");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        MutableAttributeSet attr = new SimpleAttributeSet();
        StyleConstants.setItalic(attr, m_bItalic.isSelected());
        setAttributeSet(attr);
        m_monitor.grabFocus();
      }
    };
    m_bItalic.addActionListener(lst);
    m_toolBar.add(m_bItalic);

    getContentPane().add(m_toolBar, BorderLayout.NORTH);

    return menuBar;
  }

  protected void showAttributes(int p) {
    m_skipUpdate = true;
    AttributeSet a = m_doc.getCharacterElement(p).
      getAttributes();
    String name = StyleConstants.getFontFamily(a);
    if (!m_fontName.equals(name)) {
      m_fontName = name;
      m_cbFonts.setSelectedItem(name);
    }
    int size = StyleConstants.getFontSize(a);
    if (m_fontSize != size) {
      m_fontSize = size;
      m_cbSizes.setSelectedItem(Integer.toString(m_fontSize));
    }
    boolean bold = StyleConstants.isBold(a);
    if (bold != m_bBold.isSelected())
      m_bBold.setSelected(bold);
    boolean italic = StyleConstants.isItalic(a);
    if (italic != m_bItalic.isSelected())
      m_bItalic.setSelected(italic);
    m_skipUpdate = false;
  }
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  protected void setAttributeSet(AttributeSet attr) {
    if (m_skipUpdate)
      return;
    int xStart = m_monitor.getSelectionStart();
    int xFinish = m_monitor.getSelectionEnd();
    if (!m_monitor.hasFocus()) {
      xStart = m_xStart;
      xFinish = m_xFinish;
    }
    if (xStart != xFinish) {
      m_doc.setCharacterAttributes(xStart, xFinish - xStart, 
        attr, false);
    } 
    else {
      MutableAttributeSet inputAttributes = 
        m_kit.getInputAttributes();
      inputAttributes.addAttributes(attr);
    }
  }

  public static void main(String argv[]) {
        new WordProcessor();
  }
}

// Unchanged code from section 20.1

// Class SmallToggleButton unchanged from section 12.4

Understanding the Code

ClassW ordProcessor

Several new instance variables have been added:

JComboBox m_cbFonts: toolbar component to select the font name.

JComboBox m_cbSizes: toolbar component to select the font size.

SmallToggleButton m_bBold: toolbar component to select the bold font style.

SmallToggleButton m_bItalic: toolbar component to select the italic font style.

String m_fontName: current font name.

int m_fontSize: current font size.

boolean m_skipUpdate: flag used to skip word processor update (see below).

int m_xStart: used to store the selection start position.

int m_xFinish: used to store the selection end position.

Theconstructorofthe WordProcessor classaddsa CaretListener to ourm_monitor textpane.The

caretUpdate() m ethod of this listener is invoked whenever the caret position is changed. The

showAttributes() (see below) will be called in response to update the toolbar components and display the 

currently selected font attributes.

A FocusListener is also added to our m_monitor component. The two methods of this listener,

focusGained() and focusLost(), will be invoked when the editor gains and loses the focus respectively.
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Thepurposeofthisimplementation isto saveand restorethestarting and end positionsofthetextselection.

Thereason wedo thisisbecauseSwing supportsonly onetext selection atany timethroughoutan app.This

meansthatiftheuserselectssometextintheeditorcomponenttomodifyit'sattributes,andthengoesoffand

makesatextselectioninsomeothercomponent,theoriginaltextselectionwilldisappear.This canpotentially

beveryannoying to theuser.To fix thisproblem wesavetheselection beforetheeditorcomponentlosesthe

focus.W hen the focus is gained we restore the previously saved selection.W e distinguish between two

possiblesituations:whenthecaretislocatedatthebeginningoftheselectionandwhenitislocatedattheend

of the selection. In the first case we position the caret at the end of the stored interval with the

setCaretPosition() m ethod,and then move the caretbackward to the beginning ofthe stored interval

with the moveCaretPosition() m ethod.The second situation is easily handled using the select()

m ethod.

The showAttributes() m ethod isnow called priorto the display ofa new documentora newly loaded

document.

The createMenuBar() m ethod creates new components to manage fontproperties forthe selected text

interval.First,the m_cbFonts combo box is used to selectthe fontfamily name.Unlike the example in

chapter12,which used severalpre-defined fontnames,this exam ple uses allfonts available to the user’s

system. A complete list of the available font names can be obtained through the

getAvailableFontFamilyNames() m ethod ofGraphicsEnvironment (see 2.8).Also note thatthe

editable propertyofthiscombobox componentissetto true,so thefontnamecan beboth selected from

the drop-down list and enetered in by hand.

Once a new font name is selected, it is applied to the selected text through the use of an attached

ActionListener.The selected fontfamily name is assigned to a SimpleAttributeSet instance with

theStyleConstants.setFontFamily() m ethod.Then ourcustom setAttributeSet() (seebelow)

is called to modify the attributes of the selected text according to this SimpleAttributeSet.

Them_cbSizes combo box isused to selectthefontsize.Itisinitiated with asetofpre-defined sizes.The

editable property issetto true so thefontsizecan beboth selected from thedrop-down listand entered

by hand.Once a new fontsize isselected,itisapplied to the selected textthrough the use ofan attached

ActionListener. The setup is similar to that used for the m_cbFonts component. The

StyleConstants.setFontSize() method is used tosetthefontsize.Ourcustom setAttributeSet()

m ethod is then used to apply this attribute set to the selected text.

The bold and italic properties are managed by two SmallToggleButtons (a custom button class we

developed in chapter 12): m_bBold and m_bItalic respectively. These buttons receive

ActionListeners which create a SimpleAttributeSet instance with the bold oritalic property with

StyleConstants.setBold() or StyleConstants.setItalic(). Then our custom

setAttributeSet() method is called to apply this attribute set.

The showAttributes() m ethod is called to setthe state of the toolbar components described above

according to thefontpropertiesofthetextatthegiven caretposition.Thismethod setsthe m_skipUpdate

flag to true atthe beginning and false atthe end ofit'sexecution (the purpose ofthiswillbe explained

soon below).Then an AttributeSet instance corresponding to the characterelementatthe currentcaret

position in the editor’s document is retrieved with the getAttributes() m ethod. The

StyleConstants.getFontFamily() m ethod isused to retrievethecurrentfontnamefrom thisattribute
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set.Ifitisnotequalto thepreviously selected fontname(stored in the m_fontName instancevariable)itis

selected in the m_cbFonts combobox. The other toolbar controls are handled in a similar way.

OursetAttributeSet() m ethod isused to assign a given setofattributesto the currently selected text.

Note that this method doesnothing(simplyreturns)ifthe m_skipUpdate flagissetto true.Thisisdoneto

preventthe backward link with the showAttributes() m ethod.As soon as we assign some value to a

combo boc in the showAttributes() m ethod (e.g. font size) this internally triggers a call to the

setAttributeSet() m ethod (because ActionListeners attached to combo boxes are invoked even

when selection changesoccurprogramm atically).The purpose ofshowAttributes() isto simply make

sure thatthe attributes corresponding to the character elementatthe currenttextposition are accurately

reflected in the toolbar components. To prevent the combo box ActionListeners from invoking

unnecessaryoperationsweprohibitany textproperty updatesfrom occuring in setAttributeSet() while

theshowAttributes() method is being executed (this is the whole purpose of the m_skipUpdate flag).

The setAttributeSet() m ethod first determines the start and end positions of the selected text.If

m_monitor currently does nothave the focus,the stored bounds,m_xStart and m_xFinish,are used

instead.Iftheselection isnotempty (xStart != xFinish),thesetCharacterAttributes() m ethod

iscalled to assign thegiven setofattributesto theselection.Notethatthisnew attributesetdoesnothaveto

containacompletesetofattributes.Itsimplyreplacesonlytheexistingattributesforwhich ithasnew values,

leavingtheremainderunchanged.If theselectionisempty,thenew attributesareadded to theinputattributes

oftheeditorkit(recallthatStyledEditorKit’sinputattributesarethoseattributesthatwillbeapplied to

newly inserted text).

Running the Code

Open an existing RTF file and move the cursorto variouspositionsin the text.Note thatthe textattributes

displayed in the toolbar components are updated correctly.Selecta portion of textand use the toolbar

components to modify the selection’s fontattributes.Type a new font name or fontsize in the editable

comboboxandpress“Enter.” Thishasthesameeffectasselecting achoicefrom thedrop-down list.Savethe

RTF file and open it in another RTF-aware application to verify that your changes were saved correctly.

Bug Alert! Bold and italic font properties are often not updated on the screen properly, even though they areassigned
and saved correctly. W e hope that this problem will be fixed in future Swing releases.

20.3 W ord Processor: part III - Colors and images

ImportantRTF featureswe willexploitin thissection include the ability to use foreground and background

colorsand insertimagesinto thetext.In thisexampleweshow how to add thesecapabilitiesto ourgrowing

RTF word processor application.
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Figure 20.3 JTextPane w ith diverse font styles, foreground colors, and an em bedded im age.

<<file figure20-3.gif>>

The Code: W ordProcessor.java

see\Chapter20\3

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.text.*;
import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.text.rtf.*;

public class WordProcessor extends JFrame 
{
  // Unchanged code from section 20.2

  protected SimpleFilter m_jpgFilter;
  protected SimpleFilter m_gifFilter;

  protected ColorMenu m_foreground;
  protected ColorMenu m_background;
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  public WordProcessor() {
    // Unchanged code from section 20.2

    m_chooser = new JFileChooser(); 
    m_chooser.setCurrentDirectory(new File("."));
    m_rtfFilter = new SimpleFilter("rtf", "RTF Documents");
    m_chooser.setFileFilter(m_rtfFilter);

    m_gifFilter = new SimpleFilter("gif", "GIF images");
    m_jpgFilter = new SimpleFilter("jpg", "JPG images");

    // Unchanged code from section 20.2
  }

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 20.2

    JMenu mFormat = new JMenu("Format");
    mFormat.setMnemonic('o');

    m_foreground = new ColorMenu("Foreground");
    m_foreground.setColor(m_monitor.getForeground());
    m_foreground.setMnemonic('f');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        MutableAttributeSet attr = new SimpleAttributeSet();
        StyleConstants.setForeground(attr, m_foreground.getColor());
        setAttributeSet(attr);
      }
    };
    m_foreground.addActionListener(lst);
    mFormat.add(m_foreground);

    MenuListener ml = new MenuListener() {
      public void menuSelected(MenuEvent e) {
        int p = m_monitor.getCaretPosition();
      AttributeSet a = m_doc.getCharacterElement(p).

          getAttributes();
        Color c = StyleConstants.getForeground(a);
        m_foreground.setColor(c);
      }

      public void menuDeselected(MenuEvent e) {}

      public void menuCanceled(MenuEvent e) {}
    };
    m_foreground.addMenuListener(ml);

    // Bug Alert! JEditorPane background color 
    // doesn't work as of Java 2 FCS.
    m_background = new ColorMenu("Background");
    m_background.setColor(m_monitor.getBackground());
    m_background.setMnemonic('b');
    lst = new ActionListener()  { 
      public void actionPerformed(ActionEvent e) {
        MutableAttributeSet attr = new SimpleAttributeSet();
        StyleConstants.setBackground(attr, m_background.getColor());
        setAttributeSet(attr);
      }
    };
    m_background.addActionListener(lst);
    mFormat.add(m_background);
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    ml = new MenuListener() {
      public void menuSelected(MenuEvent e) {
        int p = m_monitor.getCaretPosition();
        AttributeSet a = m_doc.getCharacterElement(p).
          getAttributes();
        Color c = StyleConstants.getBackground(a);
        m_background.setColor(c);
      }

      public void menuDeselected(MenuEvent e) {}

      public void menuCanceled(MenuEvent e) {}
    };

 m_background.addMenuListener(ml);

    // Bug Alert! Images do not get saved.
    mFormat.addSeparator();
    item = new JMenuItem("Insert Image");
    item.setMnemonic('i');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        m_chooser.addChoosableFileFilter(m_gifFilter);
        m_chooser.addChoosableFileFilter(m_jpgFilter);
        m_chooser.setFileFilter(m_gifFilter);
        m_chooser.removeChoosableFileFilter(m_rtfFilter);
        Thread runner = new Thread() {
          public void run() {
            if (m_chooser.showOpenDialog(WordProcessor.this) != 
            JFileChooser.APPROVE_OPTION)
              return;
            WordProcessor.this.repaint();
            File fChoosen = m_chooser.getSelectedFile();
            ImageIcon icon = new ImageIcon(fChoosen.getPath());
            int w = icon.getIconWidth();
            int h = icon.getIconHeight();
            if (w<=0 || h<=0) {
              JOptionPane.showMessageDialog(WordProcessor.this, 

         "Error reading image file\n"+
                fChoosen.getPath(), "Warning", 
                JOptionPane.WARNING_MESSAGE);
                return;
            }
            MutableAttributeSet attr = new SimpleAttributeSet();
            StyleConstants.setIcon(attr, icon);
            int p = m_monitor.getCaretPosition();
            try {
              m_doc.insertString(p, " ", attr);
            }
            catch (BadLocationException ex) {}

            // Its ok to do this outside of the event-dispatching
            // thread because the chooser is not visible here.
            m_chooser.addChoosableFileFilter(m_rtfFilter);
            m_chooser.setFileFilter(m_rtfFilter);
            m_chooser.removeChoosableFileFilter(m_gifFilter);
          m_chooser.removeChoosableFileFilter(m_jpgFilter);

          }
        };
        runner.start();
      }
    };
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    item.addActionListener(lst);
    mFormat.add(item);

    menuBar.add(mFormat);

    getContentPane().add(m_toolBar, BorderLayout.NORTH);

    return menuBar;
  }

  // Unchanged code from section 20.2
}

// Unchanged code from section 20.2

// Class ColorMenu unchanged from section 12.5

Understanding the Code

ClassW ordProcessor

Four new instance variables have been added:

SimpleFilter m_jpgFilter: Used for JPEG image selection with JFileChooser (see chapter 14 for 

more about SimpleFilter).

SimpleFilter m_gifFilter: Used for GIF image selection with JFileChooser.

ColorMenu m_foreground: used to choose the selected text foreground color.

ColorMenu m_background: used to choose the selected text background color.

The ColorMenu classwasconstructed and discussed in chapter12,and isused here withoutmodification.

Thisclassrepresentsa custom menu componentused to selecta color from a collection of64 pre-defined

colors.To deploy thiscomponentin ourapplication we add a menu titled “Format” with menu itemstitled

“Foreground” and “Background.” W e also add,aftera menu separator,the menu item “InsertImage” (see

below).

TheColorMenu m_foreground receives an ActionListener which retrieves the selected color with the 

getColor() m ethod and then applies it to the selected text by making calls to

StyleConstants.setForeground() and setAttributeSet() m ethods,similarto how we assigned

new font attributes in the previous example. In order to maintain consistency we need to update the

ColorMenu componentprior to displaying itto make the initialcolor selection consistentwith the text

foreground at the cursor position.For this purpose we add a MenuListener to the m_foreground

component. The menuSelected() m ethod will be called prior to menu selection. Similar to the

showAttributes() m ethod discussed above, this code retrieves an AttributeSet instance

corresponding to the current caret location and determines the selected foreground color with

getForeground(). Then this color is passed to the ColorMenu component for use as the selection.

Them_background ColorMenu workssimilarto m_foreground,butmanagesselected textbackground

color. Note thatthisfeaturedoesn'tworkwiththecurrentRTF APIrelease:itisneitherdisplayednorsavedin

the file. The background color menu is added to our word processor for the sake of completeness.

The “InsertImage” menu item receivesan ActionListener which usesourJFileChooser to selectan
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imagefile.Ifan imagefileissuccessfully selected and read,wecreatea MutableAttributeSet instance

and pass our image to itwith StyleConstants.setIcon().Then we inserta dummy single space

characterwith thaticon attribute using insertString().Note thatallthisoccursin a separate thread to

avoid the possibility of clogging the event-dispathing thread.

Running the Code

Open an existing RTF file,selectaportion oftextand usethecustom colormenu componentto modify it's

foreground.SavetheRTF fileand open itin anotherRTF-awareapplication to verify thatyourchangeshave

been saved correctly.Try using the “InsertImage” menu to bring up a file chooserand selectan image for

insertion.

Bug Alert!Unfortunately embedded imagesare neithersaved to file orread from an existing RTF document.W e
hope that this problem/limitation will be fixed soon in a future release.

20.4 W ord Processor: part IV - W orking with styles

Using Stylesto manageasetofattributesasasinglenamed entity can greatly simplify textediting.Theuser

onlyhasto applyaknown styleto aselected region oftextratherthan selecting allappropriatetextattributes

from theprovidedtoolbarcomponents.Byaddingacomboboxallowingthechoiceofstyles,wecannotonly

savetheusertimeand effort,butwecan also providemoreuniform textformatting throughouttheresulting

document(orpotentiallysetofdocuments).Inthissectionwe'lladd stylemanagementto ourword processor.

W e’llalso show how itis possible to create a new style,modify an existing style,orreapply a style to

modified text.

Figure 20.4 RTF w ord processor application w ith Styles m anagem ent.
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<<file figure20-4.gif>>

The Code: W ordProcessor.java

see\Chapter20\4

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.text.*;
import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.text.rtf.*;

public class WordProcessor extends JFrame 
{
  // Unchanged code from section 20.3

  protected JComboBox m_cbStyles;

  public WordProcessor() {
    // Unchanged code from section 20.3

    showAttributes(0);
    showStyles();
    setVisible(true);
  }

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 20.3

    // The following line is added to the end of the
    // actionNew and actionOpen actionPerformed() methods:
    // 
    // showStyles();
    //
    // (see source code; these methods are not shown here
    //  to conserve space)

    // Unchanged code from section 20.3

    JMenu mFormat = new JMenu("Format");
    mFormat.setMnemonic('o');

    JMenu mStyle = new JMenu("Style");
    mStyle.setMnemonic('s');
    mFormat.add(mStyle);

    item = new JMenuItem("Update");
    item.setMnemonic('u');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        String name = (String)m_cbStyles.getSelectedItem();
        Style style = m_doc.getStyle(name);
        int p = m_monitor.getCaretPosition();
        AttributeSet a = m_doc.getCharacterElement(p).
          getAttributes();
        style.addAttributes(a);
        m_monitor.repaint();
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      }
    };
    item.addActionListener(lst);
    mStyle.add(item);

    item = new JMenuItem("Reapply");
    item.setMnemonic('r');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        String name = (String)m_cbStyles.getSelectedItem();
        Style style = m_doc.getStyle(name);
        setAttributeSet(style);
      }
    };
    item.addActionListener(lst);
    mStyle.add(item);

    mFormat.addSeparator();

    // Unchanged code from section 20.3

    menuBar.add(mFormat);

    m_toolBar.addSeparator();
    m_cbStyles = new JComboBox();
    m_cbStyles.setMaximumSize(m_cbStyles.getPreferredSize());
    m_cbStyles.setEditable(true);
    m_toolBar.add(m_cbStyles);

    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        if (m_skipUpdate || m_cbStyles.getItemCount()==0)
          return;
        String name = (String)m_cbStyles.getSelectedItem();
        int index = m_cbStyles.getSelectedIndex();
        int p = m_monitor.getCaretPosition();

        // New name entered
        if (index == -1) {
          m_cbStyles.addItem(name);
          Style style = m_doc.addStyle(name, null);
          AttributeSet a = m_doc.getCharacterElement(p).
            getAttributes();
          style.addAttributes(a);
          return;
        }

        // Apply the selected style
        Style currStyle = m_doc.getLogicalStyle(p);
        if (!currStyle.getName().equals(name)) {
          Style style = m_doc.getStyle(name);
          setAttributeSet(style);
        }
      }
    };
    m_cbStyles.addActionListener(lst);

    getContentPane().add(m_toolBar, BorderLayout.NORTH);

    return menuBar;
  }
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  protected void showAttributes(int p) {
    // Unchanged code from section 20.2

    Style style = m_doc.getLogicalStyle(p);
    name = style.getName();
    m_cbStyles.setSelectedItem(name);

    m_skipUpdate = false;
  }

  // Unchanged code from section 20.3

  protected void showStyles() {
    m_skipUpdate = true;
    if (m_cbStyles.getItemCount() > 0)
      m_cbStyles.removeAllItems();
    Enumeration en = m_doc.getStyleNames();
    while (en.hasMoreElements()) {
      String str = en.nextElement().toString();
      m_cbStyles.addItem(str);
    }
    m_skipUpdate = false;
  }

  public static void main(String argv[]) {
new WordProcessor();

  }
}

// Unchanged code from section 20.3

Understanding the Code

ClassW ordProcessor

One new instance variable has been added:

JComboBox m_cbStyles: toolbar component to manage styles.

Notethatanew custom method showStyles() (seebelow)isnow called aftercreating anew documentor

after loading an existing one.

ThecreateMenuBar() m ethod createsanew menu with two new menu itemsforupdating and reapplying

styles,andanew comboboxforstyleselection.Theeditablestylescombobox, m_cbStyles,willholdalist

of styles declared in the current document (we will seehow thiscomponentispopulatedbelow).Itreceivesan

ActionListener which checks whetherthe currently selected style name is presentamong the existing

styles.Ifnot,weadd itto thedrop-down listand retrieveanew Style instancefortheselected nameusing

StyledDocument’saddStyle() method. This new Style instance is associated withthetextattributesof

the characterelementatthe currentcaretposition.Otherwise,ifthe given style name isknown already,we

retrievetheselected styleusing StyledDocument’sgetStyle() m ethod and apply itto theselected text

by passing itto ourcustom setAttributeSet() m ethod (aswedid in previousexampleswhen assigning

text attributes).

An ambiguoussituation occurswhen the userselectsa style fortextwhich already hasthe same style,but

whoseattributeshavebeen modified.Theusermay eitherwantto updatetheselected styleusing theselected

text as a base, or reapply the existing style to the selected text. To resolve this situation we need to ask the user 
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whatto do.W e chose to add two menu itemswhich allow the userto eitherupdate orreapply the current

selection.

Note:In ambiguoussituationssuch asthis,making the decision to allow usersto choose between two options,or
enforcingasinglebehavior,canbeatoughonetomake.In general,thelessexperiencedthetargetaudienceis,
the less choices thataudience should need to become familiarwith.In this case we would suggestthata
selected style override all attributes of the selected text.

Themenu itemsto perform thesetasksare titled “Update” and “Reapply,” and are grouped into the “Style”

menu. The “Style” menu is added to the “Format” menu. The “Update” menu item receives an

ActionListener which retrievesthe textattributesofthe characterelementatthe currentcaretposition,

and assigns them to the selected style.The “Reapply” menu item receives an ActionListener which

applies the selected style to the selected text (one might argue that this menu item would be more

appropriately  titled “Apply” -- the implications are ambiguous either way).

Our showAttributes() m ethod receives additional code to manage the new styles combobox,

m_cbStyles,whenthecaretmovesthrough thedocument.Itretrievesthestylecorresponding to thecurrent

caretposition with StyledDocument’sgetLogicalStyle() m ethod,and selectstheappropriateentryin

the combobox.

The new showStyles() m ethod iscalled to populate the m_cbStyles combobox with the style names

from a newly created orloaded document.Firstitremovesthe currentcontentofthe combobox ifitisnot

empty (anotherwork around dueto thefactthatifyou callremoveAllItems() on an empty JComboBox,

an exception willbethrown).An Enumeration ofstylenamesisthen retrieved with StyledDocument’s

getStyleNames() method, and these names are added to the combobox.

Running the Code

Open an existing RTF file,and notehow thestylescombobox is populated by thestylenamesdefined in this

document.Verifythattheselectedstyleisautomaticallyupdatedwhilethecaretmovesthroughthedocument.

Selectaportion oftextand selectadifferentstylefrom thestylescombobox.Notehow alltextpropertiesare

updated according to the new style.

Try selecting aportion oftextand modifying itsattributes(forinstance,foreground color).Typeanew name

in the styles combobox and press Enter.This willcreate a new style which can be applied to any other

document text.

Note: New styles will not be saved along with an RTF document under the current version of RTFEditorKit.

Try modifying an attributeofaselected region oftext(e.g.thefontsize)and selectthe “Style|Update” menu

item.This willupdate the style to incorporate the newly selected attributes.Apply the modified style to

another portion of text and verify that it applies according to the updated style.

Note:W hen a style isupdated,any regionsoftextthathad been applied with thisstyle do notautomatically get
updated accordingly.Thisisanotherambiguity thatmustbe considered,depending on whatthe userexpects
and whatlevelorexperiencethetargetaudiencehas.In thiscaseweassumethattheuseronly wantsselected
text to be affected by a style update.
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Now try modifying some attributes of a portion of selected text and then select the “Style|Reapply" menuitem.

This will restore the original text attributes associated with the appropriate style.

Note:RecallthatweareusingoneStyleContext instance,m_context,foralldocuments.Thisobjectcollects
alldocumentstyles.These stylesare alwaysavailable when a new documentiscreated orloaded.W e might
developadocumenttemplatemechanism byserializing thisStyleContext instanceintoafileandrestoring
it with the appropriate document.

20.5 W ord Processor: part V - Clipboard and Undo/Redo

Clipboard and undo/redo operations have become common and necessary components ofallmodern text

editing environments.W e have discussed these featuresin chapters11 and 19,and in thissection we show

how to integrate them into our RTF word processor.

Figure 20.5 RTF w ord processor w ith undo/redo and clipboard functionality.

<<file figure20-5.gif>>

The Code: W ordProcessor.java

see\Chapter20\5

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.text.*;
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import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.text.rtf.*;
import javax.swing.undo.*;

public class WordProcessor extends JFrame 
{
  // Unchanged code from section 20.4

  protected UndoManager m_undo = new UndoManager();
  protected Action m_undoAction;
  protected Action m_redoAction;

  public WordProcessor() {
// Unchanged code from section 20.4

    showAttributes(0);
    showStyles();
    m_doc.addUndoableEditListener(new Undoer());
    setVisible(true);
  }

  protected JMenuBar createMenuBar() {
    // The following line is added to the end of the
    // actionNew and actionOpen actionPerformed() methods:
    // 
    // m_doc.addUndoableEditListener(new Undoer());
    //
    // (see source code; these methods are not shown here
    //  to conserve space)

    // Unchanged code from section 20.4

 JButton bSave = new SmallButton(actionSave, "Save RTF document");
    m_toolBar.add(bSave);

    JMenu mEdit = new JMenu("Edit");
    mEdit.setMnemonic('e');

    Action action = new AbstractAction("Copy", 
     new ImageIcon("edit_copy.gif")) 
    { 

   public void actionPerformed(ActionEvent e) {
        m_monitor.copy();
      }
    };
    item = mEdit.add(action);
    item.setMnemonic('c');
    item.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_C, 
      KeyEvent.CTRL_MASK));

    action = new AbstractAction("Cut", 
     new ImageIcon("edit_cut.gif")) 
    { 
      public void actionPerformed(ActionEvent e) {
        m_monitor.cut();
      }
    };
    item = mEdit.add(action);
    item.setMnemonic('t');
    item.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_X,
      KeyEvent.CTRL_MASK));
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    action = new AbstractAction("Paste", 
     new ImageIcon("edit_paste.gif")) 
    { 
      public void actionPerformed(ActionEvent e) {
        m_monitor.paste();
      }
    };
    item = mEdit.add(action);
    item.setMnemonic('p');
    item.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_V, 
      KeyEvent.CTRL_MASK));

    mEdit.addSeparator();

    m_undoAction = new AbstractAction("Undo", 
     new ImageIcon("edit_undo.gif")) 
    { 
      public void actionPerformed(ActionEvent e) {
        try {
          m_undo.undo();
        } 
        catch (CannotUndoException ex) {
          System.err.println("Unable to undo: " + ex);
        }
        updateUndo();
      }
    };
    item = mEdit.add(m_undoAction);
    item.setMnemonic('u');
    item.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_Z, 
      KeyEvent.CTRL_MASK));

    m_redoAction = new AbstractAction("Redo", 
     new ImageIcon("edit_redo.gif")) 
    { 
      public void actionPerformed(ActionEvent e) {
        try {
          m_undo.redo();
        } 
        catch (CannotRedoException ex) {
          System.err.println("Unable to redo: " + ex);
        }
        updateUndo();
      }
    };
    item =  mEdit.add(m_redoAction);
    item.setMnemonic('r');
    item.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_Y, 
      KeyEvent.CTRL_MASK));

    menuBar.add(mEdit);

    GraphicsEnvironment ge = GraphicsEnvironment.
      getLocalGraphicsEnvironment();
    String[] fontNames = ge.getAvailableFontFamilyNames();

    // Unchanged code from section 20.4

    return menuBar;
  }
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  // Unchanged code from section 20.4

  protected void updateUndo() {
    if(m_undo.canUndo()) {
      m_undoAction.setEnabled(true);
      m_undoAction.putValue(Action.NAME,
      m_undo.getUndoPresentationName());
    }
    else {
      m_undoAction.setEnabled(false);
      m_undoAction.putValue(Action.NAME, "Undo");
    }
    if(m_undo.canRedo()) {
      m_redoAction.setEnabled(true);
      m_redoAction.putValue(Action.NAME,
      m_undo.getRedoPresentationName());
    }
    else {
      m_redoAction.setEnabled(false);
      m_redoAction.putValue(Action.NAME, "Redo");
    }
  }

  public static void main(String argv[]) {
    new WordProcessor();
  }

 class Undoer implements UndoableEditListener
  {
    public Undoer() {
      m_undo.die();
      updateUndo();
    }

    public void undoableEditHappened(UndoableEditEvent e) {
      UndoableEdit edit = e.getEdit();
      m_undo.addEdit(e.getEdit());

   updateUndo();
    }
  }
}

// Unchanged code from section 20.4

Understanding the Code

ClassW ordProcessor

W e now import the javax.swing.undo package and add three new instance variables:

UndoManager m_undo: used to manage undo/redo operations.

Action m_undoAction: used for a menu item/action to perform undo operations.

Action m_redoAction: used for a menu item/action to perform redo operations.

Note thata new Undoer instance (see below)isnow added asan UndoableEditListener to allnewly

created or loaded documents.

The createMenuBar() m ethod now creates a menu titled “Edit” (which traditionally follows the “File”
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m enu) containing menu items titled “Copy,” “Cut,” “Paste,” “Undo,” and “Redo.” Thefirstthreeitemsmerely

triggercallsto the copy(),cut(),and paste() m ethodsofourm_monitor textpane.These methods

perform clipboard operationsusing plain textwithoutany attributes.They are available when the editorhas

the currentfocusand the appropriate keyboard acceleratorispressed.These itemsare added to our “Edit”

menu to provide a convenient and informative interface.

The “Undo” menu item iscreated from an AbstractAction whose actionPerformed() m ethod first

invokesundo() on theUndoManager,and then invokesourcustom updateUndo() m ethod to updateour

undo/redo menu itemsappropriately.Similarly,the “Redo” menu item iscreated from an AbstractAction

which invokes redo() on the UndoManager, and then calls our updateUndo() method.

The updateUndo() m ethod enables ordisables the undo and redo menu items,and updates theirnames

accordingtotheoperation which can beundone/redone(ifany).Ifthe UndoManager’scanUndo() m ethod

returns true, the m_undoAction is enabled and its name is set to the string returned by

getUndoPresentationName().Otherwiseitisdisabled and itsnameissetto “Undo.” The “Redo” menu

item is handled similarly.

ClassW ordProcessor.Undoer

ThisinnerclassimplementstheUndoableEditListener interfaceto receivenotificationsaboutundoable

operations. The undoableEditHappened() m ethod receives UndoableEditEvents, retrieves their

encapsulated UndoableEdit instances, and passes them to the UndoManager. Our updateUndo()

m ethod is also invoked to update the undo/redo menu items appropriately.

Running the Code

Open an existing RTF file and verify thatcopy,cut,and paste clipboard operations transfer plain text

successfully.M akesomechangesto thetextualcontentorstylesand notethatthe title ofthe “Undo” menu

item isupdated.Selectthismenu item,orpressitskeyboard accelerator(Ctrl-Z)to undo aseriesofchanges.

This will enable the “Redo” menu item. Use this menu item or press its keyboard accelerator (Ctrl-Y) to redo a 

series of changes.

20.6 W ord Processor: part VI - Advanced font management

Insection 20.2 weused toolbarcomponentsto changemanipulatefontproperties.Thisisusefulformaking a

quickmodificationwithoutleavingthemainapplicationframe,andistypicalforwordprocessorapplications.

However,allseriouseditorapplicationsalso provide a dialog forthe editing ofallavailable fontproperties

from one location. In the following example we'll show how to create such a dialog,which includes

components to select various font properties and preview the result.
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Figure 20.6 RTF w ord processor w ith custom  font properties and preview  dialog.

<<file figure20-6.gif>>
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Figure 20.7 Font dialog w th custom  list and list cell renderer for foreground color selection.

<<file figure20-7.gif>>

The Code: W ordProcessor.java

see\Chapter20\6

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.text.*;
import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.text.rtf.*;
import javax.swing.undo.*;

public class WordProcessor extends JFrame 
{
  // Unchanged code from section 20.5

  protected String[] m_fontNames;
  protected String[] m_fontSizes;

  protected FontDialog m_fontDialog;

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 20.5

    GraphicsEnvironment ge = GraphicsEnvironment.
      getLocalGraphicsEnvironment();
    m_fontNames = ge.getAvailableFontFamilyNames();
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    m_toolBar.addSeparator();
    m_cbFonts = new JComboBox(m_fontNames);
    m_cbFonts.setMaximumSize(m_cbFonts.getPreferredSize());
    m_cbFonts.setEditable(true);

    // Unchanged code from section 20.5

    m_toolBar.addSeparator();
    m_fontSizes = new String[] {"8", "9", "10", "11", "12", "14",
      "16", "18", "20", "22", "24", "26", "28", "36", "48", "72"};
    m_cbSizes = new JComboBox(m_fontSizes);
    m_cbSizes.setMaximumSize(m_cbSizes.getPreferredSize());
    m_cbSizes.setEditable(true);

    m_fontDialog = new FontDialog(this, m_fontNames, m_fontSizes);

    // Unchanged code from section 20.5

   JMenu mFormat = new JMenu("Format");
    mFormat.setMnemonic('o');

    item = new JMenuItem("Font...");
    item.setMnemonic('o');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        WordProcessor.this.repaint();
        AttributeSet a = m_doc.getCharacterElement(
          m_monitor.getCaretPosition()).getAttributes();
        m_fontDialog.setAttributes(a);

        Dimension d1 = m_fontDialog.getSize();
        Dimension d2 = WordProcessor.this.getSize();

   int x = Math.max((d2.width-d1.width)/2, 0);
        int y = Math.max((d2.height-d1.height)/2, 0);
        m_fontDialog.setBounds(x + WordProcessor.this.getX(),
          y + WordProcessor.this.getY(), d1.width, d1.height);

        m_fontDialog.show();
        if (m_fontDialog.getOption()==JOptionPane.OK_OPTION) {
          setAttributeSet(m_fontDialog.getAttributes());
          showAttributes(m_monitor.getCaretPosition());
        }
      }
    };
    item.addActionListener(lst);
    mFormat.add(item);

    mFormat.addSeparator();

    // Unchanged code from section 20.5

    return menuBar;
  }

  // Unchanged code from section 20.5
}

// Unchanged code from section 20.5

class FontDialog extends JDialog
{
  protected int m_option = JOptionPane.CLOSED_OPTION;
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  protected OpenList m_lstFontName;
  protected OpenList m_lstFontSize;
  protected MutableAttributeSet m_attributes;
  protected JCheckBox m_chkBold;
  protected JCheckBox m_chkItalic;
  protected JCheckBox m_chkUnderline;

  protected JCheckBox m_chkStrikethrough;
  protected JCheckBox m_chkSubscript;
  protected JCheckBox m_chkSuperscript;

  protected JComboBox m_cbColor;
  protected JLabel m_preview;

  public FontDialog(JFrame parent, 
    String[] names, String[] sizes)
  {
    super(parent, "Font", true);
    getContentPane().setLayout(new BoxLayout(getContentPane(), 
      BoxLayout.Y_AXIS));

    JPanel p = new JPanel(new GridLayout(1, 2, 10, 2));
    p.setBorder(new TitledBorder(new EtchedBorder(), "Font"));
    m_lstFontName = new OpenList(names, "Name:");
    p.add(m_lstFontName);

    m_lstFontSize = new OpenList(sizes, "Size:");
    p.add(m_lstFontSize);
    getContentPane().add(p);

    p = new JPanel(new GridLayout(2, 3, 10, 5));
    p.setBorder(new TitledBorder(new EtchedBorder(), "Effects"));
    m_chkBold = new JCheckBox("Bold");
    p.add(m_chkBold);
    m_chkItalic = new JCheckBox("Italic");
    p.add(m_chkItalic);
    m_chkUnderline = new JCheckBox("Underline");
    p.add(m_chkUnderline);
    m_chkStrikethrough = new JCheckBox("Strikeout");
    p.add(m_chkStrikethrough);
    m_chkSubscript = new JCheckBox("Subscript");
    p.add(m_chkSubscript);
    m_chkSuperscript = new JCheckBox("Superscript");
    p.add(m_chkSuperscript);
    getContentPane().add(p);

    getContentPane().add(Box.createVerticalStrut(5));
    p = new JPanel();
    p.setLayout(new BoxLayout(p, BoxLayout.X_AXIS));
    p.add(Box.createHorizontalStrut(10));
    p.add(new JLabel("Color:"));
    p.add(Box.createHorizontalStrut(20));
    m_cbColor = new JComboBox();

    int[] values = new int[] { 0, 128, 192, 255 };
    for (int r=0; r<values.length; r++) {
      for (int g=0; g<values.length; g++) {
        for (int b=0; b<values.length; b++) {
          Color c = new Color(values[r], values[g], values[b]);
          m_cbColor.addItem(c);
        }
      }



70

    }

    m_cbColor.setRenderer(new ColorComboRenderer());
    p.add(m_cbColor);
    p.add(Box.createHorizontalStrut(10));
    getContentPane().add(p);

    p = new JPanel(new BorderLayout());
    p.setBorder(new TitledBorder(new EtchedBorder(), "Preview"));
    m_preview = new JLabel("Preview Font", JLabel.CENTER);
    m_preview.setBackground(Color.white);
    m_preview.setForeground(Color.black);
    m_preview.setOpaque(true);
    m_preview.setBorder(new LineBorder(Color.black));
    m_preview.setPreferredSize(new Dimension(120, 40));
    p.add(m_preview, BorderLayout.CENTER);
    getContentPane().add(p);

    p = new JPanel(new FlowLayout());
    JPanel p1 = new JPanel(new GridLayout(1, 2, 10, 2));

 JButton btOK = new JButton("OK");
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        m_option = JOptionPane.OK_OPTION;
        setVisible(false);
      }
    };
    btOK.addActionListener(lst);

p1.add(btOK);

    JButton btCancel = new JButton("Cancel");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        m_option = JOptionPane.CANCEL_OPTION;
        setVisible(false);
      }
    };
    btCancel.addActionListener(lst);
    p1.add(btCancel);
    p.add(p1);
    getContentPane().add(p);

    pack();
    setResizable(false);
    Dimension d1 = getSize();
    Dimension d2 = parent.getSize();
    int x = Math.max((d2.width-d1.width)/2, 0);
    int y = Math.max((d2.height-d1.height)/2, 0);
    setBounds(x, y, d1.width, d1.height);

    ListSelectionListener lsel = new ListSelectionListener() {
      public void valueChanged(ListSelectionEvent e) {
        updatePreview();
      }
    };
    m_lstFontName.addListSelectionListener(lsel);
    m_lstFontSize.addListSelectionListener(lsel);

    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        updatePreview();
      }
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    };
    m_chkBold.addActionListener(lst);
    m_chkItalic.addActionListener(lst);
    m_cbColor.addActionListener(lst);
  }

  public void setAttributes(AttributeSet a) {
    m_attributes = new SimpleAttributeSet(a);
    String name = StyleConstants.getFontFamily(a);
    m_lstFontName.setSelected(name);
    int size = StyleConstants.getFontSize(a);
    m_lstFontSize.setSelectedInt(size);
    m_chkBold.setSelected(StyleConstants.isBold(a));
    m_chkItalic.setSelected(StyleConstants.isItalic(a));
    m_chkUnderline.setSelected(StyleConstants.isUnderline(a));
    m_chkStrikethrough.setSelected(
      StyleConstants.isStrikeThrough(a));
    m_chkSubscript.setSelected(StyleConstants.isSubscript(a));
    m_chkSuperscript.setSelected(StyleConstants.isSuperscript(a));
    m_cbColor.setSelectedItem(StyleConstants.getForeground(a));
    updatePreview();
  }

  public AttributeSet getAttributes() {
    if (m_attributes == null)
      return null;
    StyleConstants.setFontFamily(m_attributes, 
      m_lstFontName.getSelected());
    StyleConstants.setFontSize(m_attributes, 

  m_lstFontSize.getSelectedInt());
    StyleConstants.setBold(m_attributes, 
      m_chkBold.isSelected());
    StyleConstants.setItalic(m_attributes, 
      m_chkItalic.isSelected());
    StyleConstants.setUnderline(m_attributes, 
      m_chkUnderline.isSelected());
    StyleConstants.setStrikeThrough(m_attributes, 
      m_chkStrikethrough.isSelected());
    StyleConstants.setSubscript(m_attributes, 
      m_chkSubscript.isSelected());
    StyleConstants.setSuperscript(m_attributes, 
      m_chkSuperscript.isSelected());
    StyleConstants.setForeground(m_attributes, 
      (Color)m_cbColor.getSelectedItem());
    return m_attributes;
  }

  public int getOption() { return m_option; }

  protected void updatePreview() {
    String name = m_lstFontName.getSelected();
    int size = m_lstFontSize.getSelectedInt();
    if (size <= 0)
      return;
    int style = Font.PLAIN;
    if (m_chkBold.isSelected())
      style |= Font.BOLD;
    if (m_chkItalic.isSelected())
      style |= Font.ITALIC;

    // Bug Alert! This doesn't work if only style is changed.
    Font fn = new Font(name, style, size);
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    m_preview.setFont(fn);

    Color c = (Color)m_cbColor.getSelectedItem();
    m_preview.setForeground(c);
    m_preview.repaint();
  }
}

class OpenList extends JPanel
  implements ListSelectionListener, ActionListener
{
  protected JLabel m_title;
  protected JTextField m_text;
  protected JList m_list;
  protected JScrollPane m_scroll;

  public OpenList(String[] data, String title) {
    setLayout(null);
    m_title = new JLabel(title, JLabel.LEFT);
    add(m_title);
    m_text = new JTextField();
    m_text.addActionListener(this);
    add(m_text);
    m_list = new JList(data);
    m_list.setVisibleRowCount(4);
    m_list.addListSelectionListener(this);
    m_scroll = new JScrollPane(m_list);
    add(m_scroll);
  }

  public void setSelected(String sel) {
    m_list.setSelectedValue(sel, true);
    m_text.setText(sel);
  }

  public String getSelected() { return m_text.getText(); }

  public void setSelectedInt(int value) {
    setSelected(Integer.toString(value));
  }

  public int getSelectedInt() {
    try { 
      return Integer.parseInt(getSelected());
    }
    catch (NumberFormatException ex) { return -1; }
  }

  public void valueChanged(ListSelectionEvent e) {
    Object obj = m_list.getSelectedValue();
    if (obj != null)
      m_text.setText(obj.toString());
  }

  public void actionPerformed(ActionEvent e) {
    ListModel model = m_list.getModel();
    String key = m_text.getText().toLowerCase();
    for (int k=0; k<model.getSize(); k++) {
      String data = (String)model.getElementAt(k);
      if (data.toLowerCase().startsWith(key)) {
        m_list.setSelectedValue(data, true);
        break;
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      }
    }
  }

  public void addListSelectionListener(ListSelectionListener lst) {
    m_list.addListSelectionListener(lst);
  }

  public Dimension getPreferredSize() {
    Insets ins = getInsets();
    Dimension d1 = m_title.getPreferredSize();
    Dimension d2 = m_text.getPreferredSize();
    Dimension d3 = m_scroll.getPreferredSize();
    int w = Math.max(Math.max(d1.width, d2.width), d3.width);
    int h = d1.height + d2.height + d3.height;
    return new Dimension(w+ins.left+ins.right, 
      h+ins.top+ins.bottom);
  }

  public Dimension getMaximumSize() {
    Insets ins = getInsets();
    Dimension d1 = m_title.getMaximumSize();
    Dimension d2 = m_text.getMaximumSize();
    Dimension d3 = m_scroll.getMaximumSize();
    int w = Math.max(Math.max(d1.width, d2.width), d3.width);
    int h = d1.height + d2.height + d3.height;
    return new Dimension(w+ins.left+ins.right, 
      h+ins.top+ins.bottom);
  }

  public Dimension getMinimumSize() {
    Insets ins = getInsets();
    Dimension d1 = m_title.getMinimumSize();
    Dimension d2 = m_text.getMinimumSize();
    Dimension d3 = m_scroll.getMinimumSize();
    int w = Math.max(Math.max(d1.width, d2.width), d3.width);
    int h = d1.height + d2.height + d3.height;
    return new Dimension(w+ins.left+ins.right, 
      h+ins.top+ins.bottom);
  }

  public void doLayout() {
    Insets ins = getInsets();
    Dimension d = getSize();
    int x = ins.left;
    int y = ins.top;
    int w = d.width-ins.left-ins.right;
    int h = d.height-ins.top-ins.bottom;

    Dimension d1 = m_title.getPreferredSize();
    m_title.setBounds(x, y, w, d1.height);
    y += d1.height;
    Dimension d2 = m_text.getPreferredSize();
    m_text.setBounds(x, y, w, d2.height);
    y += d2.height;
    m_scroll.setBounds(x, y, w, h-y);
  }
}

class ColorComboRenderer extends JPanel implements ListCellRenderer
{
  protected Color m_color = Color.black;
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  protected Color m_focusColor = 
    (Color) UIManager.get("List.selectionBackground");
  protected Color m_nonFocusColor = Color.white;

  public Component getListCellRendererComponent(JList list,
   Object obj, int row, boolean sel, boolean hasFocus)
  {
    if (hasFocus || sel)
      setBorder(new CompoundBorder(
        new MatteBorder(2, 10, 2, 10, m_focusColor),
        new LineBorder(Color.black)));
    else
      setBorder(new CompoundBorder(
        new MatteBorder(2, 10, 2, 10, m_nonFocusColor),
        new LineBorder(Color.black)));

    if (obj instanceof Color) 
      m_color = (Color) obj;
    return this;
  }

  public void paintComponent(Graphics g) {
    setBackground(m_color);
    super.paintComponent(g);
  }
}

Understanding the Code

ClassW ordProcessor

Three new instance variables are added:

String[] m_fontNames: array of available font family names.

String[] m_fontSizes: array of font sizes.

FontDialog m_fontDialog: custom font properties and preview dialog.

These arrays were used earlier as local variables to create the toolbar combobox components. Since we need to 

usethem in ourfontdialog aswell,wedecided to makethem publicinstancevariables(thisrequiresminimal

changes to the createMenuBar() method).

Note:Reading thelistofavailablefontstakesasignificantamountoftime.Forperformancereasonsitisbestto do
this once in a program.

A new menu item titled “Font…” is now added to the “Format” menu. W hen the corresponding

ActionListener is invoked, the application is repainted, the attributes of the character element

corresponding to the currentcaretposition are retrieved asan AttributeSet instance and passed to the

dialog forselection (using its setAttributes()),and the dialog iscentered relative to the parentframe

and displayed.Ifthe dialog is closed with the “OK” button (determined by checking a value returned by

FontDialog’s getOption() method), we retrieve the new font attributes with

FontDialog.getAttributes(), and assign these attributes to the selected text with our

setAttributeSet() method. Finally, our toolbar components are updated with our

showAttributes() method.
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Class FontDialog

This class extends JDialog and acts as a fontproperties editor and previewer for our word processor

application. Several instance variables are declared:

intm_option:indicateshow the dialog isclosed:by pressing the “OK” button,by pressing the “Cancel”

button, or by closing the dialog window directly from the title bar. The constants defined in

JOptionPane are reused for this variable.

MutableAttributeSet m_attributes:a collection offontattributesused to preserve the user’s

selection.

OpenList m_lstFontName: custom JList sub-class for selecting the font family name.

OpenList m_lstFontSize: custom JList sub-class for selecting the font size.

JCheckBox m_chkBold: checkbox to select the bold attribute.

JCheckBox m_chkItalic: checkbox to select the italic attribute.

JCheckBox m_chkUnderline: checkbox to select the font underline attribute.

JCheckBox m_chkStrikethrough: checkbox to select the font strikethrough attribute.

JCheckBox m_chkSubscript: checkbox to select the font subscript attribute.

JCheckBox m_chkSuperscript: checkbox to select the font superscript attribute.

JComboBox m_cbColor: combobox to select the font foreground color.

JLabel m_preview: label to preview the selections.

TheFontDialog constructorfirstcreatesasuper-classmodaldialog titled “Font.” Theconstructorcreates

and initializes allGUIcomponentsused in thisdialog.A y-oriented BoxLayout isused to placecomponent

groups from top to bottom.

TwoOpenList components (see below) are placed at the top to select an available font family name and font 

size.These components encapsulate a label,textbox and listcomponents which work together.They are

comparable to editable comboboxesthatalwayskeep theirdrop-down listopen.Below the OpenLists,a

group of six checkboxes are placed for selecting bold, italic, underline, strikethrough, subscript, and

superscriptfontattributes.JComboBox m_cbColor isplaced below thisgroup,and isused to selectthe

fontforeground color.64 Colorsareadded,and an instanceofourcustom ColorComboRenderer class

(seebelow)isusedasitslistcellrenderer.JLabel m_preview isused to preview theselected fontbefore

applying it to the editing text, and is placed below the foreground color combo box. 

Two buttonslabeled “OK” and “Cancel” are placed atthe bottom ofthe dialog.They are placed in a panel

managed by a1x2 GridLayout,which isin turn placed in apanelmanaged by a FlowLayout.Thisisto

ensuretheequalsizing and centralplacementofthebuttons.Both receive ActionListeners which hide

the dialog and set the m_option instance variable to JOptionPane.OK_OPTION and

JOptionPane.CANCEL_OPTION respectively. An application (WordProcessor in our case) will

normally check thisvalueoncethemodaldialogisdismissedbycallingitsgetOption() method.Thistells

the application whether or not the changes should be ignored (CANCEL_OPTION) or applied (OK_OPTION).

Thedialog window ispacked to giveitanaturalsize,and isthen centered with respectto theparentframe.
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The m_lstFontName and m_lstFontSize OpenList components each receive the same

ListSelectionListener instance which calls ourcustom updatePreview() method (see below)

wheneverthelistselectionischanged.Similarly,twocheckboxesandtheforegroundcolorcomboboxreceive

an ActionListener which does the same thing.This provides dynamic preview of the selected font

attributes as soon as any is changed.

Bug Alert!Underline,strikethrough,subscript,and superscriptfontpropertiesarenotsupported by theAW T Font
class, so they cannot be shown in the JLabel component. This is why the corresponding checkbox
componentsdonotreceiveanActionListener.Aswewillsee,thesepropertiesalso do notwork properly
inRTF documents.Theyareincludedinthisdialogforcompleteness,inthehopesthattheywillwork properly
ina future Swing release.

ThesetAttributes() m ethod takesan AttributeSet instanceasparameter.Itcopiesthisattributeset

into a SimpleAttributeSet stored asourm_attributes instance variable.Appropriate fontattributes

are extracted using StyleConstants methods, and used to assign values to the dialog’s controls.Finallythe

preview labelisupdated according to these new settingsby calling our updatePreview() m ethod.Note

thatthe setAttributes() m ethod ispublic and isused fordata exchange between thisdialog and it’s

owner (in our case WordProcessor).

ThegetAttributes() method plays anoppositerolewithrespectto setAttributes().Itretrievesdata

from dialog'scontrols,packsthem into an AttributeSet instanceusing StyleConstants m ethods,and

returns this set to the caller

The getOption() m ethod returns a code indicating how the dialog was closed by the user.This value

should be checked priorto retrieving data from the dialog to determine whetherornotthe usercanceled

(JOptionPane.CANCEL_OPTION) or ok’d (JOptionPane.OK_OPTION) the changes.

TheupdatePreview() method is called to update the font preview label when a font attribute is changed.It

retrievesthe selected fontattributes(family name,size,bold and italic properties)and createsa new Font

instance to renderthe label.The selected colorisretrieved from the m_cbColor combobox and setasthe

label’s foreground.

Class OpenList

Thiscomponentconsistsofa title label,a textfield,and a listin a scrollpane.The usercan eitherselecta

value from the list,or enter itin the textbox manually.OpenList extends JPanel and maintains the

following four instance variables:

JLabel m_title: title label used to identify the purpose of this component.

JTextField m_text: editable text field.

JList m_list: list component.

JScrollPane m_scroll: scroll pane containing the list component.

The OpenList constructir assigns a null layout manager because this container manages its child

components on its own. The four components listed above are instantiated and simply added to this container. 

The setSelected() m ethod sets the text field text to that of the given String, and selects the
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corresponding item in the list (which is scrolled to show display the newly selected value). The

getSelected() method retrieves and returns the selected item as a String.

M ethodssetSelectedInt()/getSelectedInt() do thesamebutwith int values.Thesemethodsare

implemented to simplify working with a list of ints.

The valueChanged() and actionPerformed() m ethods provide coordination between the list

componentand thetextfield.The valueChanged() m ethod iscalled wheneverthe listselection changes,

and will assign the result of a toString() call on the selected item as the text field’s text. The

actionPerformed() m ethod willbecalled when theuserpressesEnterwhilethetextfield hasthecurrent

focus. This implementation performs a case-insensitive search through the list items in an effort to find an item 

which begins with the entered text. If such an item is found, it is selected.

The public addListSelectionListener() m ethod adds a ListSelectionListener to our list

component(which is protected).In this way,externalobjects can dynamically receive notifications about

changes in that list’s selection.

The getPreferredSize(), getMaximumSize(), and getMinimumSize() m ethods calculate and

return a preferred,maximum,and minimum dimension ofthiscontainerrespectively.They assume thatthe

threechildcomponents(label,textfield,andscrollpane containingthelist)willbelaidoutoneunderanother

from top to bottom,receiving an equalwidth and theirpreferableheights.The doLayout() m ethod actually

laysoutthecomponentsaccording to thisscheme.Notethattheinsets(resulting from an assigned border,for

instance) must always be taken into account (see chapter 4 for more about custom layout management).

Class ColorComboRenderer

Thisclassimplementsthe ListCellRenderer interface (discussed in chapters9 and 10)and is used to

represent variousColors. Three instance variables are defined:

Color m_color: used for the main background color to represent a Color.

Color m_focusColor: used for the thick border color of a selected item.

Color m_nonFocusColor: used for the thick border color of an unselected item.

ThegetListCellRendererComponent() m ethodiscalledpriortotherenderingofeachlistitem (inour

WordProcessor example this listis contained within our foreground colors combo box). The Color

instance is retrieved and stored in the m_color instance variable.This color is used as the renderer’s

background,whileawhitematteborderisused to surround unselected cells,and alightbluematteborderis

used to surround aselected cell.The paintComponent() m ethod simply setsthebackground to m_color

and calls the super-classpaintComponent() method.

Running the Code

Open an existing RTF file,selectaportion oftext,and bring up thefontdialog.Verify thattheinitialvalues

correspond to thefontattributesofthecharacter elementatthecurrentcaretposition.Try selecting different

fontattributesand notethatthepreview componentisupdated dynamically.Pressthe “OK” button to apply

the selected attributesto the selected text.Also verify thatpressing the “Cancel” button doesnotapply any

changes. Figures 20.6 and 20.7 illustrate.
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20.7 W ord Processor: part VII - Paragraph formatting

Controloverparagraph formatting attributes(e.g.linespacing,textalignment,leftand rightmargins,etc.)is

just as necessary in word processor applications as font attribute control.Swing supports a number of

paragraphsettingsdiscussedbelow whichwediscussedbrieflyinchapter19.Inthissectionwe'lladdadialog

specifically forediting thesesettings.Themostinteresting aspectofthisdialog isaspecialcomponentwe’ve

designedtoallow apreview offormatted text.In thiswaytheusercan getafeeling forhow asetting change,

or group of changes, will affect the actual document.

Figure 20.8 RTF w ord processor displaying a custom  paragraph attributes dialog.

<<file figure20-8.gif>>

The Code: W ordProcessor.java

see\Chapter20\7

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.text.*;
import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.text.rtf.*;
import javax.swing.undo.*;

public class WordProcessor extends JFrame 
{
  // Unchanged code from section 20.6
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  protected FontDialog m_fontDialog;
  protected ParagraphDialog m_paragraphDialog;

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 20.6

    m_fontDialog = new FontDialog(this, m_fontNames, m_fontSizes);

    m_paragraphDialog = new ParagraphDialog(this);

    // Unchanged code from section 20.6

    item = new JMenuItem("Paragraph...");
    item.setMnemonic('p');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        WordProcessor.this.repaint();
        AttributeSet a = m_doc.getCharacterElement(
          m_monitor.getCaretPosition()).getAttributes();
        m_paragraphDialog.setAttributes(a);

        Dimension d1 = m_paragraphDialog.getSize();
        Dimension d2 = WordProcessor.this.getSize();
        int x = Math.max((d2.width-d1.width)/2, 0);
        int y = Math.max((d2.height-d1.height)/2, 0);
        m_paragraphDialog.setBounds(x + WordProcessor.this.getX(),
          y + WordProcessor.this.getY(), d1.width, d1.height);

        m_paragraphDialog.show();
        if (m_paragraphDialog.getOption()==JOptionPane.OK_OPTION) {
          setAttributeSet(dlg.getAttributes(), true);
          showAttributes(m_monitor.getCaretPosition());
        }
      }
    };
    item.addActionListener(lst);
    mFormat.add(item);

    mFormat.addSeparator();

    // Unchanged code from section 20.6

    return menuBar;
  }

  // Unchanged code from section 20.6

  protected void setAttributeSet(AttributeSet attr) {
    setAttributeSet(attr, false);
  }

  protected void setAttributeSet(AttributeSet attr, 
   boolean setParagraphAttributes)
  {
    if (m_skipUpdate)
      return;
    int xStart = m_monitor.getSelectionStart();
    int xFinish = m_monitor.getSelectionEnd();
    if (!m_monitor.hasFocus()) {
      xStart = m_xStart;
      xFinish = m_xFinish;
    }
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    if (setParagraphAttributes)
      m_doc.setParagraphAttributes(xStart, 
      xFinish - xStart, attr, false);
    else if (xStart != xFinish) 
      m_doc.setCharacterAttributes(xStart, 
        xFinish - xStart, attr, false);
    else {
      MutableAttributeSet inputAttributes = 
        m_kit.getInputAttributes();
      inputAttributes.addAttributes(attr);
    }
  }

  // Unchanged code from section 20.6
}

// Unchanged code from section 20.6

class ParagraphDialog extends JDialog
{
  protected int m_option = JOptionPane.CLOSED_OPTION;
  protected MutableAttributeSet m_attributes;
  protected JTextField m_lineSpacing;
  protected JTextField m_spaceAbove;
  protected JTextField m_spaceBelow;
  protected JTextField m_firstIndent;
  protected JTextField m_leftIndent;
  protected JTextField m_rightIndent;
  protected SmallToggleButton m_btLeft;
  protected SmallToggleButton m_btCenter;
  protected SmallToggleButton m_btRight;
  protected SmallToggleButton m_btJustified;

  protected ParagraphPreview m_preview;

  public ParagraphDialog(JFrame parent) {
    super(parent, "Paragraph", true);
    getContentPane().setLayout(new BoxLayout(getContentPane(), 
      BoxLayout.Y_AXIS));

    JPanel p = new JPanel(new GridLayout(1, 2, 5, 2));

    JPanel ps = new JPanel(new GridLayout(3, 2, 10, 2));
    ps.setBorder(new TitledBorder(new EtchedBorder(), "Space"));
    ps.add(new JLabel("Line spacing:"));
    m_lineSpacing = new JTextField();
    ps.add(m_lineSpacing);
    ps.add(new JLabel("Space above:"));
    m_spaceAbove = new JTextField();
    ps.add(m_spaceAbove);
    ps.add(new JLabel("Space below:"));
    m_spaceBelow = new JTextField();
    ps.add(m_spaceBelow);
    p.add(ps);

    JPanel pi = new JPanel(new GridLayout(3, 2, 10, 2));
    pi.setBorder(new TitledBorder(new EtchedBorder(), "Indent"));
    pi.add(new JLabel("First indent:"));
    m_firstIndent = new JTextField();
    pi.add(m_firstIndent);
    pi.add(new JLabel("Left indent:"));
    m_leftIndent = new JTextField();



81

    pi.add(m_leftIndent);
    pi.add(new JLabel("Right indent:"));
    m_rightIndent = new JTextField();
    pi.add(m_rightIndent);
    p.add(pi);
    getContentPane().add(p);

    getContentPane().add(Box.createVerticalStrut(5));
    p = new JPanel();
    p.setLayout(new BoxLayout(p, BoxLayout.X_AXIS));
    p.add(Box.createHorizontalStrut(10));
    p.add(new JLabel("Alignment:"));
    p.add(Box.createHorizontalStrut(20));

    ButtonGroup bg = new ButtonGroup();
    ImageIcon img = new ImageIcon("al_left.gif");
    m_btLeft = new SmallToggleButton(false, img, img, "Left");
    bg.add(m_btLeft);
    p.add(m_btLeft);
    img = new ImageIcon("al_center.gif");
    m_btCenter = new SmallToggleButton(false, img, img, "Center");
    bg.add(m_btCenter);
    p.add(m_btCenter);
    img = new ImageIcon("al_right.gif");
    m_btRight = new SmallToggleButton(false, img, img, "Right");
    bg.add(m_btRight);
    p.add(m_btRight);
    img = new ImageIcon("al_justify.gif");
    m_btJustified = new SmallToggleButton(false, img, img, 
      "Justify");
    bg.add(m_btJustified);
    p.add(m_btJustified);
    getContentPane().add(p);

    p = new JPanel(new BorderLayout());
    p.setBorder(new TitledBorder(new EtchedBorder(), "Preview"));
    m_preview = new ParagraphPreview();
    p.add(m_preview, BorderLayout.CENTER);
    getContentPane().add(p);

    p = new JPanel(new FlowLayout());
    JPanel p1 = new JPanel(new GridLayout(1, 2, 10, 2));
    JButton btOK = new JButton("OK");
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        m_option = JOptionPane.OK_OPTION;
        setVisible(false);
      }
    };
    btOK.addActionListener(lst);
    p1.add(btOK);

    JButton btCancel = new JButton("Cancel");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        m_option = JOptionPane.CANCEL_OPTION;
        setVisible(false);
      }
    };
    btCancel.addActionListener(lst);
    p1.add(btCancel);
    p.add(p1);
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    getContentPane().add(p);

    pack();
    setResizable(false);

    FocusListener flst = new FocusListener() { 
      public void focusGained(FocusEvent e) {}

      public void focusLost(FocusEvent e) { updatePreview(); }
    };
    m_lineSpacing.addFocusListener(flst);
    m_spaceAbove.addFocusListener(flst);
    m_spaceBelow.addFocusListener(flst);
    m_firstIndent.addFocusListener(flst);
    m_leftIndent.addFocusListener(flst);
    m_rightIndent.addFocusListener(flst);

    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        updatePreview();
      }
    };
    m_btLeft.addActionListener(lst);
    m_btCenter.addActionListener(lst);
    m_btRight.addActionListener(lst);
    m_btJustified.addActionListener(lst);
  }

  public void setAttributes(AttributeSet a) {
    m_attributes = new SimpleAttributeSet(a);
    m_lineSpacing.setText(Float.toString(
      StyleConstants.getLineSpacing(a)));
    m_spaceAbove.setText(Float.toString(
      StyleConstants.getSpaceAbove(a)));
    m_spaceBelow.setText(Float.toString(
      StyleConstants.getSpaceBelow(a)));
    m_firstIndent.setText(Float.toString(
      StyleConstants.getFirstLineIndent(a)));
    m_leftIndent.setText(Float.toString(
      StyleConstants.getLeftIndent(a)));
    m_rightIndent.setText(Float.toString(
      StyleConstants.getRightIndent(a)));

    int alignment = StyleConstants.getAlignment(a);
    if (alignment == StyleConstants.ALIGN_LEFT)
      m_btLeft.setSelected(true);
    else if (alignment == StyleConstants.ALIGN_CENTER)
      m_btCenter.setSelected(true);
    else if (alignment == StyleConstants.ALIGN_RIGHT)
      m_btRight.setSelected(true);
    else if (alignment == StyleConstants.ALIGN_JUSTIFIED)
      m_btJustified.setSelected(true);

    updatePreview();
  }

  public AttributeSet getAttributes() {
    if (m_attributes == null)
      return null;
    float value;
    try { 
      value = Float.parseFloat(m_lineSpacing.getText());
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      StyleConstants.setLineSpacing(m_attributes, value); 
    } catch (NumberFormatException ex) {}
    try { 
      value = Float.parseFloat(m_spaceAbove.getText());
      StyleConstants.setSpaceAbove(m_attributes, value); 
    } catch (NumberFormatException ex) {}
    try { 
      value = Float.parseFloat(m_spaceBelow.getText());
      StyleConstants.setSpaceBelow(m_attributes, value); 
   } catch (NumberFormatException ex) {}
    try { 
      value = Float.parseFloat(m_firstIndent.getText());
      StyleConstants.setFirstLineIndent(m_attributes, value); 
    } catch (NumberFormatException ex) {}
    try { 
      value = Float.parseFloat(m_leftIndent.getText());
      StyleConstants.setLeftIndent(m_attributes, value); 
    } catch (NumberFormatException ex) {}
    try { 
      value = Float.parseFloat(m_rightIndent.getText());
      StyleConstants.setRightIndent(m_attributes, value); 

} catch (NumberFormatException ex) {}

    StyleConstants.setAlignment(m_attributes, getAlignment());

    return m_attributes;
  }

  public int getOption() {
    return m_option;
  }

  protected void updatePreview() {
    m_preview.repaint();
  }

  protected int getAlignment() {
    if (m_btLeft.isSelected())
      return StyleConstants.ALIGN_LEFT;
    if (m_btCenter.isSelected())
      return StyleConstants.ALIGN_CENTER;
    else if (m_btRight.isSelected())
      return StyleConstants.ALIGN_RIGHT;

else
      return StyleConstants.ALIGN_JUSTIFIED;
  }

  class ParagraphPreview extends JPanel
  {
    protected Font m_fn = new Font("Monospace", Font.PLAIN, 6);
    protected String m_dummy = "abcdefghjklm";
    protected float  m_scaleX = 0.25f;
    protected float  m_scaleY = 0.25f;
    protected Random m_random = new Random();

    public ParagraphPreview() {
      setBackground(Color.white);
      setForeground(Color.black);
      setOpaque(true);
      setBorder(new LineBorder(Color.black));
      setPreferredSize(new Dimension(120, 56));
    }
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    public void paintComponent(Graphics g) {
      super.paintComponent(g);
      float lineSpacing = 0;
      float spaceAbove  = 0;
      float spaceBelow  = 0;
      float firstIndent = 0;
      float leftIndent  = 0;
      float rightIndent = 0;

      try { 
        lineSpacing = Float.parseFloat(m_lineSpacing.getText());
      } catch (NumberFormatException ex) {}
      try { 
        spaceAbove = Float.parseFloat(m_spaceAbove.getText()); 
      } catch (NumberFormatException ex) {}
      try { 
        spaceBelow = Float.parseFloat(m_spaceBelow.getText()); 
      } catch (NumberFormatException ex) {}
      try { 
        firstIndent = Float.parseFloat(m_firstIndent.getText()); 
      } catch (NumberFormatException ex) {}
      try { 
        leftIndent = Float.parseFloat(m_leftIndent.getText()); 
      } catch (NumberFormatException ex) {}
      try { 
        rightIndent = Float.parseFloat(m_rightIndent.getText()); 
      } catch (NumberFormatException ex) {}

      m_random.setSeed(1959);    // Use same seed every time

      g.setFont(m_fn);
      FontMetrics fm = g.getFontMetrics();
      int h = fm.getAscent();
      int s  = Math.max((int)(lineSpacing*m_scaleY), 1);
      int s1 = Math.max((int)(spaceAbove*m_scaleY), 0) + s;
      int s2 = Math.max((int)(spaceBelow*m_scaleY), 0) + s;
      int y = 5+h;

      int xMarg = 20;
      int x0 = Math.max((int)(firstIndent*m_scaleX)+xMarg, 3);
      int x1 = Math.max((int)(leftIndent*m_scaleX)+xMarg, 3);

  int x2 = Math.max((int)(rightIndent*m_scaleX)+xMarg, 3);
      int xm0 = getWidth()-xMarg;
      int xm1 = getWidth()-x2;

      int n = (int)((getHeight()-(2*h+s1+s2-s+10))/(h+s));
      n = Math.max(n, 1);

      g.setColor(Color.lightGray);
      int x = xMarg;
      drawLine(g, x, y, xm0, xm0, fm, StyleConstants.ALIGN_LEFT);
      y += h+s1;

      g.setColor(Color.gray);
      int alignment = getAlignment();
      for (int k=0; k<n; k++) {
        x = (k==0 ? x0 : x1);
        int xLen = (k==n-1 ? xm1/2 : xm1);
        if (k==n-1 && alignment==StyleConstants.ALIGN_JUSTIFIED)
          alignment = StyleConstants.ALIGN_LEFT;
        drawLine(g, x, y, xm1, xLen, fm, alignment);
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        y += h+s;
      }

      y += s2-s;
      x = xMarg;

  g.setColor(Color.lightGray);
      drawLine(g, x, y, xm0, xm0, fm, StyleConstants.ALIGN_LEFT);
    }

    protected void drawLine(Graphics g, int x, int y, int xMax, 
     int xLen, FontMetrics fm, int alignment)
    {
      if (y > getHeight()-3)

  return;
      StringBuffer s = new StringBuffer();
      String str1;
      int xx = x;
      while (true) {
        int m = m_random.nextInt(10)+1;
        str1 = m_dummy.substring(0, m)+" ";
        int len = fm.stringWidth(str1);
        if (xx+len >= xLen)
          break;
        xx += len;
        s.append(str1);
      }
      String str = s.toString();

      switch (alignment) {
        case StyleConstants.ALIGN_LEFT:
          g.drawString(str, x, y);
          break;
        case StyleConstants.ALIGN_CENTER:
          xx = (xMax+x-fm.stringWidth(str))/2;
          g.drawString(str, xx, y);
          break;
        case StyleConstants.ALIGN_RIGHT:
          xx = xMax-fm.stringWidth(str);
          g.drawString(str, xx, y);
          break;

 case StyleConstants.ALIGN_JUSTIFIED:
          while (x+fm.stringWidth(str) < xMax)
            str += "a";
          g.drawString(str, x, y);
          break;
      }
    }
  }
}

Understanding the Code

ClassW ordProcessor

One new instance variable has been added:

ParagraphDialog m_paragraphDialog: custom dialog used to manage paragraph attributes.

A new menu item titled “Paragraph…” is now added to the “Format” menu. A corresponding

ActionListener actssimilarlytothelistenerof“Font...” menu.Itrepaintstheentireapplication,retrieves
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a setofattributescorresponding to the characterelementatthe currentcaretposition,and passesthissetto

m_paragraphDialog.Thedialogisthencenteredwithrespecttoitsparent (WordProcessor in ourcase)

and showsitself.W hen the “OK” or“Cancel” button ispressed,the resultreturned by the getOption()

m ethod isnormally checked.Ifthe returned value isequalto JOptionPane.OK_OPTION (i.e.“OK” was

pressed) we retrieve the selected attributes with ParagraphDialog’s getAttributes() m ethod and

assign them to the selected text with our setAttributeSet() method. Otherwise we make no changes.

An additional parameter, a boolean, is added to our setAttributeSet() m ethod. This is used to

distinguish between setting character attributes and setting paragraph attributes. A value of true indicates that 

thegivenattributesetcorrespondstoparagraphattributes.A valueoffalse indicatescharacterattributes.To

preservetheexisting codewithoutrequiring extensivemodification,wekeep theold setAttributeSet()

m ethod with one parameter, andredirectittothenew methodbyhavingitcallsetAttributeSet(attr,

false).

Class ParagraphDialog

This class extends JDialog and acts as a paragraph attributes editorforourword processorapplication.

Several instance variables are declared:

int m_option: indicates how the dialog isclosed:bypressingthe “OK” button,bypressingthe “Cancel”

button, or by closing the dialog window directly from the title bar. The constants defined in

JOptionPane are reused for this variable.

MutableAttributeSet m_attributes:a collection ofparagraph attributes used to preserve the

user’s selection.

JTextField m_lineSpacing: used to specify paragraph line spacing.

JTextField m_spaceAbove:used to specify above line spacing.

JTextField m_spaceBelow: used to specify below line spacing.

JTextField m_firstIndent: used to specify left indent of the first paragraph line.

JTextField m_leftIndent: used to specify left indent of all other paragraph lines (other than the first).

JTextField m_rightIndent: used to specify right indent of all paragraph lines.

SmallToggleButton m_btLeft: used to toggle left text alignment.

SmallToggleButton m_btCenter: used to toggle center text alignment.

SmallToggleButton m_btRight: used to toggle right text alignment.

SmallToggleButton m_btJustified: used to toggle justified text alignment.

ParagraphPreview m_preview: custom component for previewing paragraph attribute effects .

TheParagraphDialog constructorfirstcreatesasuper-classmodaldialog titled “Paragraph.” Thisdialog

usesa y-oriented BoxLayout toplacecomponentgroupsfrom top to bottom.Six textfieldslisted aboveare

placed in two side-by-side panels titled “Space” and “Indent.” These controls allow the user tospecifyspacing

attributes.Below these fields is a group of SmallToggleButtons (introduced in chapter 12) used to

control text alignment: left, center, right, or justified.

Aninstanceofourcustom ParagraphPreview component, m_preview,is used to preview theselected
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paragraph attributesbeforeapplying them to theselected documenttext.W ewilldiscusshow thiscomponent

works below.

Two buttonslabeled “OK” and “Cancel” areplaced atthebottom ofthedialog and actidentically to those at

the bottom of our fontdialog (see previous exampple).The six textboxes mentioned above receive an

identicalFocusListener which invokesourupdatePreview() method (see below)when a textfield

losesfocus.Similarly,thefourtogglebuttonsreceive an identicalActionListener which doesthesame

thing. This provides a dynamic preview of the selected paragraph attributes whenever any attribute is changed.

ThesetAttributes() m ethod takesan AttributeSet instanceasparameter.Itcopiesthisattribute set

into a SimpleAttributeSet stored as our m_attributes instance variable.Appropriate paragraph

attributesareextracted using StyleConstants m ethods,and used to assign valuesto thedialog’scontrols.

Finallythepreview componentisupdatedaccording tothesenew settingsbycallingourupdatePreview()

m ethod.Note thatthe setAttributes() m ethod ispublic and isused fordata exchange between this

dialog and it’s owner (in our case WordProcessor).

The method getAttributes() plays anoppositerolewithrespectto setAttributes().Itretrievesdata

from thedialog’scontrols,packsthem into an AttributeSet instanceusing StyleConstants m ethods,

and return this set to the caller.

Note: All spacing variables are of typefloat, even though they are actually measured in discrete screen pixels.

The getOption() m ethod returns a code indicating how the dialog was closed by the user.This value

should be checked priorto retrieving data from the dialog to determine whetherornotthe usercanceled

(JOptionPane.CANCEL_OPTION) or ok’d (JOptionPane.OK_OPTION) the changes.

TheupdatePreview() m ethodiscalledtoupdatetheparagraphpreview componentwheneveraparagraph

attribute is changed. It simply forces our m_preview component to repaint itself. 

The getAlignment() method checks for the selected toggle button and returns the corresponding

alignment attribute.

Class ParagraphDialog.ParagraphPreview

This inner class represents our custom component used todisplayanimitationparagraphusedtopreview aset

of paragraph attributes. The actual rendering consists of three parts:

1.A lightgraytextlinerepresentingtheendofaprecedingparagraph.Theindentandspacingofthislineis

not affected by the current paragraph attribute settings.

2.Severalgray text linesrepresenting aparagraph being modified.Indentationsand linespacing depend on

the current paragraph attribute settings.The number of these lines is calculated so as to fill the

component’s height naturally, and depends on the current line spacing attribute settings.

3.A light gray text line representing the beginning of a following paragraph. The space between this line and 

the last paragraph line depends on the current above line spacing attribute. The indentation of this line is 

not affected by the current paragraph attributes.

Several instance variables are declared in this inner class:
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Font m_fn:the fontused forpreview paragraph rendering.This fontis intentionally made smalland

barely recognizable,because the displayed textitselfdoes not have any meaning;only the paragraph

formatting does.

String m_dummy: a dummy string used in random generation of a paragraph.

float m_scaleX: the scaling factor used to re-calculate sizes in the vertical direction.

float m_scaleY: the scaling factor used to re-calculate sizes in the horizontal direction.

Random m_random: random number generator used in piecing together a paragraph of characters.

Reminder: java.util.Random provides random number generation capabilities, including seed selection,
generation ofintegers in a given range,etc.In the simplestcases we can use theMath.random() static
method instead.

TheParagraphPreview constructor initializes the colors, border, and preferred size for this component. 

Themostinteresting aspectofthepreview component’swork isdonein the paintComponent() method.

First, this methodretrievestheparagraphattributesspecifiedbytheuser.Thenwesetahard-codedseedvalue

for our random number generator,m_random,which we use to generate a paragraph of gibberish.The

following local variables are used to control the placement of this paragraph’s lines:

int h: the height of the text string determined by the font selected for preview.

int s: spacing between lines in screen pixels.

int s1: actual spacing between the previous paragraph and the first line of this paragraph.

int s2: actual spacing between the following paragraph and the last line of this paragraph.

int y: vertical position of the text being drawn (to be updated during the rendering process).

int xMarg: left and right fixed margins.

int x0: actual left indent for the first line of this paragraph.

int x1: actual left indent for the second and remaining following lines of this paragraph.

int x2: actual right indent for the lines of this paragraph.

int xm0: maximum x-coordinate for the text lines without regard to the specified right indent.

int xm1: maximum x-coordinate for the text lines with regard to the specified right indent.

int n:numberofparagraph lineswhich can fitvertically within thiscomponent,taking into accountthe

specified line spacing and both the preceding and following paragraph lines.

Once allthese variablesare calculated,the rendering can be performed relatively easily.The drawLine()

m ethod isused to draw asinglelineoftext.Firstwedraw alinedenoting thepreceding paragraph,then we

draw each line of the currentparagraph,andfinally,alinedenotingthefollowingparagraph.Notethatthelast

line ofthe currentparagraph is intentionally halfthe length of a normalline to produce a more realistic

impression ofthe text.Also,when justified alignmentisspecified,itissuppressed forthe lastline oftext,

since the last line should not be stretched.

ThedrawLine() method takes seven parameters:
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Graphics g: used for all rendering.

int x, int y: coordinates of the beginning of a text line.

int xMax: maximum x-coordinate a line can occupy.

int xLen: line length plus left margin size.

FontMetrics fm: retrieved from the current Graphics instance.

int alignment: current text alignment.

Firstthismethodpreparesalineto bedrawn byconcatenating random piecesofthe m_dummy string untilthe

resulting length,plus the leftmargin size,is greater than or equalto the xLen parameter.(Note thata

StringBuffer instance isused here to improve performance.)Then we draw thisline depending on the

selected alignment.For leftalignmentwe simply startdrawing atthe leftmargin.For center and right

alignmentswecalculatethestartposition by working with themaximum x-coordinate,and thewidth ofthat

line.Forjustified alignmentweshould recalculatespacebetween wordsso theresulting linewilloccupy all

availablewidth (however,in ourcase,since the preview textistotally meaningless,we justadd some more

text at the right end).

Running the Code

Open an existing RTF file,selectsometextand bring up the “Paragraph” dialog.Verifythattheinitialvalues

ofallcomponentscorrespond to theparagraph attributesatthecurrentcaretposition.Specify new paragraph

attributesand notehow the preview componentisupdated dynamically.Pressthe “OK” button to apply the

specified attributes to the selected paragraphs of document text.

Bug Alert! Justified text alignment has not been implemented as of Java 2 FCS.

20.8 W ord Processor: part VIII - Find and replace

Along with font and paragraph dialogs, find and replace functionality has also become a fairly commontoolin

GUI-based textediting environments.Itissafeto assumethatmostuserswould besadly disappointed ifthis

functionality wasnotincluded in anew word processorapplication.In thissection wewillshow how to add

this functionality. Traditionally such tools are represented in an “Edit” menuandcanbeactivatedbykeyboard

accelerators. W e willuse a dialog containing a single tabbed pane with tabs forfinding and replacing a

specific region oftext.W e willalso provide severaloptionsforsearching:match case,search whole words

only, and search up or down.
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Figure 20.9 W ordProcessor w ith com plete find and replace functionality;“Find” tab show n here

<<file figure20-9.gif>>

Figure 20.10 “Replace” tab of our custom  find and replace dialog used in a w ord processor application.

<<file figure20-10.gif>>

The Code: W ordProcessor.java

see\Chapter20\8

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;

import javax.swing.*;
import javax.swing.text.*;
import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.text.rtf.*;
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import javax.swing.undo.*;

import dl.*;

public class WordProcessor extends JFrame 
{
  // Unchanged code from section 20.7

  protected FontDialog m_fontDialog;
  protected ParagraphDialog m_paragraphDialog;
  protected FindDialog m_findDialog;

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 20.7

    mEdit.addSeparator();

    Action findAction = new AbstractAction("Find...", 
     new ImageIcon("edit_find.gif")) 
    { 
      public void actionPerformed(ActionEvent e) {
        WordProcessor.this.repaint();
        if (m_findDialog==null)
          m_findDialog = new FindDialog(WordProcessor.this, 0);
        else
          m_findDialog.setSelectedIndex(0);

        Dimension d1 = m_findDialog.getSize();
        Dimension d2 = WordProcessor.this.getSize();
        int x = Math.max((d2.width-d1.width)/2, 0);
        int y = Math.max((d2.height-d1.height)/2, 0);
        m_findDialog.setBounds(x + WordProcessor.this.getX(),
          y + WordProcessor.this.getY(), d1.width, d1.height);

        m_findDialog.show();
      }
    };
    item = mEdit.add(findAction);
    item.setMnemonic('f');
    item.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_F, 
      KeyEvent.CTRL_MASK));

    Action replaceAction = new AbstractAction("Replace...") { 
      public void actionPerformed(ActionEvent e) {
        WordProcessor.this.repaint();
        if (m_findDialog==null)
          m_findDialog = new FindDialog(WordProcessor.this, 1);
        else
          m_findDialog.setSelectedIndex(1);

        Dimension d1 = m_findDialog.getSize();
        Dimension d2 = WordProcessor.this.getSize();
        int x = Math.max((d2.width-d1.width)/2, 0);
        int y = Math.max((d2.height-d1.height)/2, 0);
        m_findDialog.setBounds(x + WordProcessor.this.getX(),

y + WordProcessor.this.getY(), d1.width, d1.height);

        m_findDialog.show();
      }
    };
    item =  mEdit.add(replaceAction);
    item.setMnemonic('r');
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    item.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_H, 
      KeyEvent.CTRL_MASK));

    menuBar.add(mEdit);

    // Unchanged code from section 20.7

    return menuBar;
  }

  // Unchanged code from section 20.7

  public Document getDocument() { return m_doc; }

  public JTextPane getTextPane() { return m_monitor; }

  public void setSelection(int xStart, int xFinish, boolean moveUp) {
    if (moveUp) {
      m_monitor.setCaretPosition(xFinish);
      m_monitor.moveCaretPosition(xStart);
    }
    else
      m_monitor.select(xStart, xFinish);
    m_xStart = m_monitor.getSelectionStart();
    m_xFinish = m_monitor.getSelectionEnd();
  }

  public static void main(String argv[]) {
    new WordProcessor();
  }

  // Unchanged code from section 20.7
}

// Unchanged code from section 20.7

class FindDialog extends JDialog
{
  protected WordProcessor m_owner;
  protected JTabbedPane m_tb;
  protected JTextField m_txtFind1;
  protected JTextField m_txtFind2;
  protected Document m_docFind;
  protected Document m_docReplace;
  protected ButtonModel m_modelWord;
  protected ButtonModel m_modelCase;
  protected ButtonModel m_modelUp;
  protected ButtonModel m_modelDown;

  protected int m_searchIndex = -1;
  protected boolean m_searchUp = false;
  protected String  m_searchData;

  public FindDialog(WordProcessor owner, int index) {
    super(owner, "Find and Replace", false);
    m_owner = owner;

    m_tb = new JTabbedPane();

    // "Find" panel
    JPanel p1 = new JPanel(new BorderLayout());
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    JPanel pc1 = new JPanel(new BorderLayout());

    JPanel pf = new JPanel();
    pf.setLayout(new DialogLayout(20, 5));
    pf.setBorder(new EmptyBorder(8, 5, 8, 0));
    pf.add(new JLabel("Find what:"));

    m_txtFind1 = new JTextField();
    m_docFind = m_txtFind1.getDocument();
    pf.add(m_txtFind1);
    pc1.add(pf, BorderLayout.CENTER);

    JPanel po = new JPanel(new GridLayout(2, 2, 8, 2));
    po.setBorder(new TitledBorder(new EtchedBorder(), 
      "Options"));

    JCheckBox chkWord = new JCheckBox("Whole words only");
    chkWord.setMnemonic('w');
    m_modelWord = chkWord.getModel();
    po.add(chkWord);

    ButtonGroup bg = new ButtonGroup();
    JRadioButton rdUp = new JRadioButton("Search up");
    rdUp.setMnemonic('u');
    m_modelUp = rdUp.getModel();
    bg.add(rdUp);
    po.add(rdUp);

    JCheckBox chkCase = new JCheckBox("Match case");
    chkCase.setMnemonic('c');
    m_modelCase = chkCase.getModel();
    po.add(chkCase);

    JRadioButton rdDown = new JRadioButton("Search down", true);
    rdDown.setMnemonic('d');
    m_modelDown = rdDown.getModel();
    bg.add(rdDown);
    po.add(rdDown);
    pc1.add(po, BorderLayout.SOUTH);

    p1.add(pc1, BorderLayout.CENTER);

    JPanel p01 = new JPanel(new FlowLayout());
    JPanel p = new JPanel(new GridLayout(2, 1, 2, 8));

    ActionListener findAction = new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        findNext(false, true);
      }
    };
    JButton btFind = new JButton("Find Next");
    btFind.addActionListener(findAction);
    btFind.setMnemonic('f');
    p.add(btFind);

    ActionListener closeAction = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        setVisible(false);
      }
    };
    JButton btClose = new JButton("Close");
    btClose.addActionListener(closeAction);
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    btClose.setDefaultCapable(true);
    p.add(btClose);
    p01.add(p);
    p1.add(p01, BorderLayout.EAST);

    m_tb.addTab("Find", p1);

    // "Replace" panel
    JPanel p2 = new JPanel(new BorderLayout());

    JPanel pc2 = new JPanel(new BorderLayout());

    JPanel pc = new JPanel();
   pc.setLayout(new DialogLayout(20, 5));
    pc.setBorder(new EmptyBorder(8, 5, 8, 0));

    pc.add(new JLabel("Find what:"));
    m_txtFind2 = new JTextField();
    m_txtFind2.setDocument(m_docFind);
    pc.add(m_txtFind2);

    pc.add(new JLabel("Replace:"));
    JTextField txtReplace = new JTextField();
    m_docReplace = txtReplace.getDocument();
    pc.add(txtReplace);
    pc2.add(pc, BorderLayout.CENTER);

    po = new JPanel(new GridLayout(2, 2, 8, 2));
    po.setBorder(new TitledBorder(new EtchedBorder(),
      "Options"));

    chkWord = new JCheckBox("Whole words only");
    chkWord.setMnemonic('w');
    chkWord.setModel(m_modelWord);
    po.add(chkWord);

    bg = new ButtonGroup();
    rdUp = new JRadioButton("Search up");
    rdUp.setMnemonic('u');
    rdUp.setModel(m_modelUp);
    bg.add(rdUp);
    po.add(rdUp);

    chkCase = new JCheckBox("Match case");
    chkCase.setMnemonic('c');
    chkCase.setModel(m_modelCase);
    po.add(chkCase);

    rdDown = new JRadioButton("Search down", true);
    rdDown.setMnemonic('d');
    rdDown.setModel(m_modelDown);
    bg.add(rdDown);
    po.add(rdDown);
    pc2.add(po, BorderLayout.SOUTH);

    p2.add(pc2, BorderLayout.CENTER);

    JPanel p02 = new JPanel(new FlowLayout());
    p = new JPanel(new GridLayout(3, 1, 2, 8));

    ActionListener replaceAction = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
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        findNext(true, true);
      }
    };
    JButton btReplace = new JButton("Replace");
    btReplace.addActionListener(replaceAction);
    btReplace.setMnemonic('r');
    p.add(btReplace);

    ActionListener replaceAllAction = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        int counter = 0;
        while (true) {
          int result = findNext(true, false);
          if (result < 0)    // error
            return;
          else if (result == 0)    // no more
            break;
          counter++;
        }
        JOptionPane.showMessageDialog(m_owner, 
          counter+" replacement(s) have been done", "Info",
          JOptionPane.INFORMATION_MESSAGE);
      }
    };
    JButton btReplaceAll = new JButton("Replace All");
    btReplaceAll.addActionListener(replaceAllAction);
    btReplaceAll.setMnemonic('a');
    p.add(btReplaceAll);

    btClose = new JButton("Close");
    btClose.addActionListener(closeAction);
    btClose.setDefaultCapable(true);
    p.add(btClose);
    p02.add(p);
    p2.add(p02, BorderLayout.EAST);

    // Make button columns the same size
    p01.setPreferredSize(p02.getPreferredSize());

    m_tb.addTab("Replace", p2);

    m_tb.setSelectedIndex(index);

    getContentPane().add(m_tb, BorderLayout.CENTER);

    WindowListener flst = new WindowAdapter() { 
      public void windowActivated(WindowEvent e) {
        m_searchIndex = -1;
        if (m_tb.getSelectedIndex()==0)
          m_txtFind1.grabFocus();
        else
          m_txtFind2.grabFocus();
      }

      public void windowDeactivated(WindowEvent e) {
        m_searchData = null;
      }
   };
    addWindowListener(flst);

    pack();
    setResizable(false);
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  }

  public void setSelectedIndex(int index) {
    m_tb.setSelectedIndex(index);
    setVisible(true);
    m_searchIndex = -1;
  }

  public int findNext(boolean doReplace, boolean showWarnings) {
    JTextPane monitor = m_owner.getTextPane();
    int pos = monitor.getCaretPosition();
    if (m_modelUp.isSelected() != m_searchUp) {
      m_searchUp = m_modelUp.isSelected();
      m_searchIndex = -1;
    }

    if (m_searchIndex == -1) {
      try {
        Document doc = m_owner.getDocument();
        if (m_searchUp)
          m_searchData = doc.getText(0, pos);
        else
          m_searchData = doc.getText(pos, doc.getLength()-pos);
        m_searchIndex = pos;
      }
      catch (BadLocationException ex) {
        warning(ex.toString());
        return -1;
      }
    }

    String key = "";
    try { key = m_docFind.getText(0, m_docFind.getLength()); }
    catch (BadLocationException ex) {}
    if (key.length()==0) {
    warning("Please enter the target to search");

      return -1;
    }
    if (!m_modelCase.isSelected()) {
      m_searchData = m_searchData.toLowerCase();
      key = key.toLowerCase();
    }
    if (m_modelWord.isSelected()) {
      for (int k=0; k<Utils.WORD_SEPARATORS.length; k++) {
        if (key.indexOf(Utils.WORD_SEPARATORS[k]) >= 0) {
          warning("The text target contains an illegal "+
            "character \'"+Utils.WORD_SEPARATORS[k]+"\'");
          return -1;
        }
      }
    }

    String replacement = "";
    if (doReplace) {
      try {
        replacement = m_docReplace.getText(0, 
          m_docReplace.getLength());
      } catch (BadLocationException ex) {}
    }

    int xStart = -1;
    int xFinish = -1;
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    while (true) 
    {
      if (m_searchUp)
        xStart = m_searchData.lastIndexOf(key, pos-1);
      else
        xStart = m_searchData.indexOf(key, pos-m_searchIndex);
      if (xStart < 0) {
        if (showWarnings)
          warning("Text not found");
        return 0;
      }

      xFinish = xStart+key.length();

      if (m_modelWord.isSelected()) {
        boolean s1 = xStart>0;
        boolean b1 = s1 && !Utils.isSeparator(m_searchData.charAt(
          xStart-1));
        boolean s2 = xFinish<m_searchData.length();
        boolean b2 = s2 && !Utils.isSeparator(m_searchData.charAt(
          xFinish));

        if (b1 || b2)    // Not a whole word
        {
          if (m_searchUp && s1)    // Can continue up
          {
            pos = xStart;
            continue;
          }
          if (!m_searchUp && s2)    // Can continue down
          {
            pos = xFinish;
            continue;
          }
          // Found, but not a whole word, and we cannot continue
          if (showWarnings)
            warning("Text not found");
          return 0;
        }
      }
      break;
    }

    if (!m_searchUp) {
      xStart += m_searchIndex;
      xFinish += m_searchIndex;
    }
    if (doReplace) {
      m_owner.setSelection(xStart, xFinish, m_searchUp);
      monitor.replaceSelection(replacement);
      m_owner.setSelection(xStart, xStart+replacement.length(), 
        m_searchUp);
      m_searchIndex = -1;
    }
    else
      m_owner.setSelection(xStart, xFinish, m_searchUp);
    return 1;
  }

  protected void warning(String message) {
    JOptionPane.showMessageDialog(m_owner, 
      message, "Warning", JOptionPane.INFORMATION_MESSAGE);
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  }
}

class Utils
{
  public static final char[] WORD_SEPARATORS = {' ', '\t', '\n',
    '\r', '\f', '.', ',', ':', '-', '(', ')', '[', ']', '{',
    '}', '<', '>', '/', '|', '\\', '\'', '\"'};

  public static boolean isSeparator(char ch) {
    for (int k=0; k<WORD_SEPARATORS.length; k++)
      if (ch == WORD_SEPARATORS[k])
        return true;
    return false;
  }
}

Understanding the Code

ClassW ordProcessor

Thisclassnow importsthedl package(constructed and discussed in chapter4)to useour DialogLayout

manager.WordProcessor also declares one new instance variable: 

FindDialog m_findDialog: custom dialog for finding and replacing a selected region of text.

Two new menu items titled “Find...” and “Replace...,” are added to the “Edit” menu.Theseitemsareactivated

with keyboard acceleratorsCtrl+F and Ctrl+H respectively.W hen pressed,both itemscreate an instance of

FindDialog (if m_findDialog is null) or activate the existing instance, and the dialogisthendisplayed.

Theonly differencebetween thetwo isthatthe “Find...” menu item activatesthe 0-indexed tabbed panetab,

and the “Replace...” menu item activates the tab at index 1.

Threenew public methodshavebeen added to thisclassto makeaccessto ourtextpanecomponent,and

related objects,easierfrom externalclasses.The getDocument() method retrievesthetextpane’scurrent

document instance, and the getTextPane() method retrieves the text pane itself. The setSelection()

methodselectsaportionoftextbetweengivenstartandendpositions,andpositionsthecaretatthebeginning

orend oftheselection,depending on thevalueofthemoveUp boolean parameter.Thecoordinatesofsuch a

selection are then stored in the m_xStart and m_xFinish instance variables(recallthatthese variables

alwayshold thecoordinatesofthecurrenttextselection and areused to restore thisselection when ourtext

pane regains the focus).

Class FindDialog

This class is a modal,JDialog sub-class encapsulating ourfind and replace functionality.Itcontains a

tabbedpanewith two tabs,“Find” and “Replace.” Among uniquecontrols,both also contain severalcommon

controls:checkboxsfor “W hole wordsonly” and “M atch case,” radio button for“Search up” and “Search

down,” and atextfield forthetextto “Find.” W hatweneed to isasetofcontrolswhich arecommon across

bothpages.Tosimplifythistaskwecreatetwocomponentsandusethesamemodelforeach.Thisguarantees

that consistency will be maintained for us, without the need for any maintenance or state checks.

FindDialog maintains the following instance variables:

WordProcessor m_owner: an explicit reference to our WordProcessor parent application frame.

JTabbedPane m_tb: the tabbed pane containing the find and replace pages.
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JTextField m_txtFind1: used to enter the string to find.

JTextField m_txtFind2: used to enter the string to replace.

Document m_docFind: a shared data model for the “Find” text fields.

Document m_docReplace: a data model for the “Replace” text field.

ButtonModel m_modelWord: a shared data model for the “W hole words only” checkboxes.

ButtonModel m_modelCase: a shared data model for the “M atch case” checkboxes.

ButtonModel m_modelUp: a shared data model for the “Search up” radio buttons.

ButtonModel m_modelDown: a shared data model for the “Search down” radio buttons.

int m_searchIndex: position in the document to start searching from.

boolean m_searchUp: a search direction flag.

String m_searchData: string to search for.

TheFindDialog constructor creates a super-class non-modal dialog instance titled “Find and Replace.” The 

main tabbed pane,m_tb,iscreated,and JPanel p1 (the main containerofthe “Find” tab)receives the

m_txtFind1 textfieldalongwitha “Findwhat:” label.Thistextfield isused to enterthetargetstring to be

searched for.Note thatthe Document instance associated with this textbox is stored in the m_docFind

instance variable (which will be used to facilitate sharing between another text field).

Note:In a more sophisticated implementation one mightuse editable comboboxeswith memory in place oftext
fields, similar to those discussed in the final examples of chapter 9.

Two checkboxestitled “W holewordsonly” and “M atch case,” and two radio buttonstitled “Search up” and

“Searchdown” (initiallyselected)areplacedatthebottom ofthe p1 panel.Thesecomponentsaresurrounded

by atitled “Options” border.Two JButtons titled “Find Next” and “Close” areplaced attherightsideof

the panel. The first button calls our findNext() method (see below) when pressed. The second button hides 

the dialog. Finally the p1 panel is added to m_tb with a tab title of “Find.”

JPanel p2 (the main containerofthe “Replace” tab)receivesthe m_txtFind2 textfield along with a

“Findwhat:” label.Italsreceivesanotherpairlabeled “Replace:”.Aninstanceofourcustom layoutmanager,

DialogLayout (discussed in chapter 4), is used to lay out these text fields and correspondinglabelswithout

involving any intermediatecontainers.Thesamelayoutisused in the “Find” panel.W ealso synchronizethe

preferred size of the two panels to avoid movement of the mimicked components when a new page is activated.

Notethatthe m_docFind dataobjectissetasthe documentforthe m_txtFind2 textfield.Thisensures

consistency between the two different “Find” text fields in the two tabbed panels.

Two checkboxes and two radio buttons are placed atthe bottom ofthe panelto controlthe replacement

options.They have identicalmeaning and representation as the corresponding fourcontrols in the “Find”

panel, and to ensure consistency between them, the data models are shared between each ‘identical’

component.

ThreeJButtons titled “Replace,” “ReplaceAll,” and “Close” areplaced attherightsideofthepanel.The
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“Replace” button makes a single callto our findNext() method (discussed below)when pressed.The

“Replace All” button is associated with an actionPerformed() method which repeatedly invokes

findNext() to perform replacementuntilitreturns -1 to signalan error,or 0 to signalthatno more

replacementscan bemade.Ifan erroroccursthismethod returns,theactionPerformed() m ethod simple

returns(since an errorwillbe properly reported to the userby the findNext() method).Otherwise the

number of replacements made is reported to the user ina JOptionPane messagedialog.The “Close” button

hides the dialog. Finally the p2 panel is added to the m_tb tabbed pane with a tab title of “Replace.”

Sincethisisanon-modaldialog,theusercan freely switch to themain application frameand return back to

the dialog while each remains visible (a typicalfind-and-replace feature).Once the userleaves the dialog

he/she can modify the document’s content,or move the caret position.To account for this,we add a

WindowListener tothedialogwhosewindowActivated() m ethod setsm_searchIndex to -1.This

way, the nexttime findNext() is called (see below)the search data willbe re-initialized,allowing the

search to continue as expected, corresponding to the new caret position and document content.

The setSelectedIndex() method activatesa page with the given index and makesthisdialog visible.

This method is intended mostly foruse externally by ourapp when itwants to display this dialog with a

specific tab selected.

ThefindNext() method isresponsibleforperforming theactualfind and replaceoperations.Ittakestwo

arguments:

boolean doReplace: if true, find and replace, otherwise just find.

boolean showWarnings:iftrue,display a message dialog iftargettextcannotbe found,otherwise

do not display a message. 

findNext() returns an int result with the following meaning:

-1: an error has occurred.

0: the target text cannot be found.

1: a find or find and replace was completed successfully.

Them_searchIndex == -1 condition specified that the text to be searched through must be re-calculated.

Inthiscasewestoretheportionoftextfrom thebeginning ofthedocumentto thecurrentcaretposition ifwe

aresearchingup,orbetweenthecurrentcaretpositionandtheendofthedocumentifwearesearchingdown.

This textis stored in the m_searchData instance variable.The currentcaretposition is stored in the

m_searchIndex variable.

Note:Thissolutionmaynotbeadequateforlargedocuments.However,amoresophisticatedsolutionwouldtakeus
too far from the primary goal of this example.
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Figure 20.11 Usage of instance variables for searching up and dow n through docum ent text.

<<file figure20-11.gif>>

Thetextto search forisretrieved from the m_docFind shared Document.Ifthecase-insensitiveoption is

selected,boththem_searchData textandthetexttosearchforareconvertedintolowercase.Ifthe “W hole

words only” option is selected,we check whetherthe textto search forcontains any separatorcharacters

defined in our Util utilities class (see below).

Note: If a given String is already completely in lower or upper case, the toLowerCase() (or
toUpperCase()) method returns the original String without creating a new object. 

After this, if the doReplace parameter is true, we retrieve the replacement text from our m_docReplace

Document.Atthispointwe're ready to actually perform a search.W e take advantage ofexisting String

functionality to accomplish this:

   if (m_searchUp)
     xStart = m_searchData.lastIndexOf(key, pos-1);
   else
     xStart = m_searchData.indexOf(key, pos-m_searchIndex);

Ifwe are seaching up,we search forthe lastoccurrence ofthe targetstring from the currentcaretposition.

Otherwisewesearch forthefirstoccurrenceofthetargetstring from thecurrentcaretposition.Ifthetarget

string is not found,we cannotcontinue the search,and a warning is displayed if the showWarnings

parameter is true.

Thissimpleschemeiscomplicated considerablyifthe “W holewordsonly” option isselected.In thiscasewe

need to verify whethersymbols on the leftand on the rightofa matching region pftextare eitherword

separators defined in our Utils class,or the string lies atthe end of the data being searched.If these

conditions are not satisfied, we attempt to continue searching, unless the end of the search data is reached.
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In any case,ifwelocatean acceptablematch,weselectthelocated text.Ifthereplaceoption isselected,we

replace thisselected region with the specified replacementtextand then selectthe new replacementtext.In

this latter case we also set m_searchIndex to -1 to force the m_searchData variable to be updated. This 

isnecessary forcontinued searching becausethedatabeing searched mostlikely changesaftereach replace.

The location of the caret also usually changes.

Class Utils

Thisclassprovidesasimplestaticutilitymethodandanarrayofcharsrepresentingwordseparatorcharacters.

The isSeparator() m ethod simply checks whether a given character belongs to the static

WORD_SEPARATORS char array.

Running the Code

Open an existing RTF fileand usethe “Edit” menu,ortheappropriatekeyboard accelerator,to bring up the

“Find and Replace” dialog with the “Find” tab selected.Entersome textto search for,selectsome search

options,andpressthe “FindNext” button. Ifyourtargettextisfound,thematchingregionwillbehighlighted

inthebasedocument.Pressthisbuttonagaintofindsubsequententries(ifany).Verifythatthe “W holewords

only” and “M atch case” optionsfunction asdiscussed above.Change focusto the main application window

and modify thedocumentand/orchangethecaretposition.Return to the “Find and Replace” dialog and note

that the search continues as expected.

Selectthe “Replace” tab and verify thatthestateofallsearch options,including thesearch targetstring,are

preserved from the “Find” tab (and vice versa when switching back).Entera replacementstring and verify

that the “Replace” and “Replace All” buttons work as expected.

20.9 W ord Processor: part IX - Spell checker [using JDBC and SQL]

Allmodern word processorapplications worth mentioning offertools and utilities which help the userin

finding grammaticaland spelling mistakesin a document.In thissection we willadd spell-checking to our

word processor application.To do this we will need to perform some of our own multithreading,and

communicate with JDBC.W e willuse a simple database with one table,Data,which has the following

structure:

Nam e Type Description

word String A single English word

soundex String A 4-letter SOUNDEX code

An example ofthis database,populated with words from severalShakespeare comedies and tragedies,is

providedinthisexample’sdirectory:Shakespeare.m db.(Thisdatabasemustbearegistered databasein your

database manager prior to using it. This is not a JDBC tutorial, so we’ll skip the details.)
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Figure 20.12 W ordProcessor w ith spell checking functionality.

<<file figure20-12.gif>>

Note:Thecustom SOUNDEX algorithm used in thisexamplehasheswordsforefficiencybyusingasimplemodel
which approximatesthesound oftheword when spoken.Each word isreduced to afourcharacterstring,the
first character being an upper case letter and the remaining three being digits. 

The Code: W ordProcessor.java

see\Chapter20\9

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;
import java.sql.*;

import javax.swing.*;
import javax.swing.text.*;
import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.text.rtf.*;
import javax.swing.undo.*;

import dl.*;

public class WordProcessor extends JFrame 
{
  // Unchanged code from section 20.8

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 20.8
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    JMenu mTools = new JMenu("Tools");
    mTools.setMnemonic('t');

   Action spellAction = new AbstractAction("Spelling...", 
     new ImageIcon("tools_abc.gif")) 
    { 
      public void actionPerformed(ActionEvent e) {
        SpellChecker checker = new SpellChecker(WordProcessor.this);
        WordProcessor.this.setCursor(Cursor.getPredefinedCursor(
          Cursor.WAIT_CURSOR));
        checker.start();
      }
    };
    item =  mTools.add(spellAction);
    item.setMnemonic('s');
    item.setAccelerator(KeyStroke.getKeyStroke(
      KeyEvent.VK_F7, 0));
    menuBar.add(mTools);

    m_toolBar.addSeparator();
    m_toolBar.add(new SmallButton(spellAction, 
      "Spell checker"));

    getContentPane().add(m_toolBar, BorderLayout.NORTH);

    return menuBar;
  }

  // Unchanged code from section 20.8
}

class OpenList extends JPanel
 implements ListSelectionListener, ActionListener
{
  // Unchanged code from section 20.6

  public OpenList(String title, int numCols) {
    setLayout(null);
    m_title = new JLabel(title, JLabel.LEFT);
    add(m_title);
    m_text = new JTextField(numCols);
    m_text.addActionListener(this);
    add(m_text);
    m_list = new JList();
    m_list.setVisibleRowCount(4);
    m_list.addListSelectionListener(this);
    m_scroll = new JScrollPane(m_list);
    add(m_scroll);
  }

  public void appendResultSet(ResultSet results, int index, 
   boolean toTitleCase)
  {
    m_text.setText("");
    DefaultListModel model = new DefaultListModel();
    try {
      while (results.next()) {
        String str = results.getString(index);

 if (toTitleCase)
          str = Utils.titleCase(str); 
        model.addElement(str);
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      }
    }
    catch (SQLException ex) {
      System.err.println("appendResultSet: "+ex.toString());
    }
    m_list.setModel(model);
    if (model.getSize() > 0)
      m_list.setSelectedIndex(0);
  }

  // Unchanged code from section 20.6
}

// Unchanged code from section 20.6

class SpellChecker extends Thread
{
  protected static String SELECT_QUERY = 
    "SELECT Data.word FROM Data WHERE Data.word = ";
  protected static String SOUNDEX_QUERY = 
    "SELECT Data.word FROM Data WHERE Data.soundex = ";

  protected WordProcessor m_owner;
  protected Connection m_conn;
  protected DocumentTokenizer m_tokenizer;
  protected Hashtable  m_ignoreAll;
  protected SpellingDialog m_dlg;

  public SpellChecker(WordProcessor owner) {
    m_owner = owner;
  }

  public void run() {
    JTextPane monitor = m_owner.getTextPane();
    m_owner.setEnabled(false);
    monitor.setEnabled(false);

    m_dlg = new SpellingDialog(m_owner);
    m_ignoreAll = new Hashtable();

    try {
      // Load the JDBC-ODBC bridge driver
      Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");
      m_conn = DriverManager.getConnection(
        "jdbc:odbc:Shakespeare", "admin", "");
      Statement selStmt = m_conn.createStatement();

      Document doc = m_owner.getDocument();
      int pos = monitor.getCaretPosition();
      m_tokenizer = new DocumentTokenizer(doc, pos);
      String word, wordLowCase;

      while (m_tokenizer.hasMoreTokens()) {
   word = m_tokenizer.nextToken();

        if (word.equals(word.toUpperCase()))
          continue;
        if (word.length()<=1)
          continue;
        if (Utils.hasDigits(word))
          continue;
        wordLowCase = word.toLowerCase();
        if (m_ignoreAll.get(wordLowCase) != null)
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          continue;

        ResultSet results = selStmt.executeQuery(
          SELECT_QUERY+"'"+wordLowCase+"'");
        if (results.next())
          continue;

        results = selStmt.executeQuery(SOUNDEX_QUERY+
          "'"+Utils.soundex(wordLowCase)+"'");
        m_owner.setSelection(m_tokenizer.getStartPos(), 
          m_tokenizer.getEndPos(), false);
        if (!m_dlg.suggest(word, results))
          break;
      }

      m_conn.close();
      System.gc();
      monitor.setCaretPosition(pos);
    }
    catch (Exception ex) {
      ex.printStackTrace();
      System.err.println("SpellChecker error: "+ex.toString());
    }

    monitor.setEnabled(true);
    m_owner.setEnabled(true);
    m_owner.setCursor(Cursor.getPredefinedCursor(
      Cursor.DEFAULT_CURSOR));
  }

  protected void replaceSelection(String replacement) {
    int xStart = m_tokenizer.getStartPos();
    int xFinish = m_tokenizer.getEndPos();
    m_owner.setSelection(xStart, xFinish, false);
    m_owner.getTextPane().replaceSelection(replacement);
    xFinish = xStart+replacement.length();
    m_owner.setSelection(xStart, xFinish, false);
    m_tokenizer.setPosition(xFinish);
  }

  protected void addToDB(String word) {
    String sdx = Utils.soundex(word);
    try {
      Statement stmt = m_conn.createStatement();
      stmt.executeUpdate(
        "INSERT INTO DATA (Word, Soundex) VALUES ('"+
        word+"', '"+sdx+"')");
    }
    catch (Exception ex) {
      ex.printStackTrace();
      System.err.println("SpellChecker error: "+ex.toString());
    }
  }

  class SpellingDialog extends JDialog
  {
    protected JTextField  m_txtNotFound;
    protected OpenList    m_suggestions;

    protected String   m_word;
    protected boolean  m_continue;
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    public SpellingDialog(WordProcessor owner) {
      super(owner, "Spelling", true);

      JPanel p = new JPanel();
      p.setBorder(new EmptyBorder(5, 5, 5, 5));
      p.setLayout(new BoxLayout(p, BoxLayout.X_AXIS));
      p.add(new JLabel("Not in dictionary:"));
      p.add(Box.createHorizontalStrut(10));
      m_txtNotFound = new JTextField();
      m_txtNotFound.setEditable(false);
      p.add(m_txtNotFound);
      getContentPane().add(p, BorderLayout.NORTH);

      m_suggestions = new OpenList("Change to:", 12);
      m_suggestions.setBorder(new EmptyBorder(0, 5, 5, 5));
      getContentPane().add(m_suggestions, BorderLayout.CENTER);

      JPanel p1 = new JPanel();
      p1.setBorder(new EmptyBorder(20, 0, 5, 5));
      p1.setLayout(new FlowLayout());
      p = new JPanel(new GridLayout(3, 2, 8, 2));

      JButton bt = new JButton("Change");
      ActionListener lst = new ActionListener() { 
        public void actionPerformed(ActionEvent e) {

      replaceSelection(m_suggestions.getSelected());
          m_continue = true;
          setVisible(false);
        }
      };
      bt.addActionListener(lst);
      bt.setMnemonic('c');
      p.add(bt);

      bt = new JButton("Add");
      lst = new ActionListener() { 
        public void actionPerformed(ActionEvent e) {
          addToDB(m_word.toLowerCase());
          m_continue = true;
          setVisible(false);
        }
      };
      bt.addActionListener(lst);
      bt.setMnemonic('a');

p.add(bt);

      bt = new JButton("Ignore");
      lst = new ActionListener() { 
        public void actionPerformed(ActionEvent e) {
          m_continue = true;
          setVisible(false);
        }
      };
      bt.addActionListener(lst);
      bt.setMnemonic('i');
      p.add(bt);

      bt = new JButton("Suggest");
      lst = new ActionListener() { 
        public void actionPerformed(ActionEvent e) {
          try {
            m_word = m_suggestions.getSelected();
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            Statement selStmt = m_conn.createStatement();
            ResultSet results = selStmt.executeQuery(
              SELECT_QUERY+"'"+m_word.toLowerCase()+"'");
            boolean toTitleCase = Character.isUpperCase(
              m_word.charAt(0));
            m_suggestions.appendResultSet(results, 1, 
              toTitleCase);
          }
          catch (Exception ex) {
            ex.printStackTrace();
            System.err.println("SpellChecker error: "+
              ex.toString());
          }
        }
      };

bt.addActionListener(lst);
      bt.setMnemonic('s');
      p.add(bt);

      bt = new JButton("Ignore All");
      lst = new ActionListener() { 
        public void actionPerformed(ActionEvent e) {
          m_ignoreAll.put(m_word.toLowerCase(), m_word);
          m_continue = true;
          setVisible(false);
        }
      };
      bt.addActionListener(lst);
      bt.setMnemonic('g');
      p.add(bt);

      bt = new JButton("Close");
      lst = new ActionListener() { 
        public void actionPerformed(ActionEvent e) {
          m_continue = false;
          setVisible(false);
        }
      };
      bt.addActionListener(lst);
      bt.setDefaultCapable(true);
      p.add(bt);
      p1.add(p);
      getContentPane().add(p1, BorderLayout.EAST);

  pack();
      setResizable(false);
      Dimension d1 = getSize();
      Dimension d2 = owner.getSize();
      int x = Math.max((d2.width-d1.width)/2, 0);
      int y = Math.max((d2.height-d1.height)/2, 0);
      setBounds(x + owner.getX(), 
        y + owner.getY(), d1.width, d1.height);
    }

    public boolean suggest(String word, ResultSet results) {
      m_continue = false;
      m_word = word;
      m_txtNotFound.setText(word);
      boolean toTitleCase = Character.isUpperCase(
        word.charAt(0));
      m_suggestions.appendResultSet(results, 1, toTitleCase);
      show();
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      return m_continue;
    }
  }
}

class DocumentTokenizer
{
  protected Document m_doc;
  protected Segment  m_seg;
  protected int m_startPos;
  protected int m_endPos;
  protected int m_currentPos;

  public DocumentTokenizer(Document doc, int offset) {
    m_doc = doc;
    m_seg = new Segment();
    setPosition(offset);
  }

  public boolean hasMoreTokens() {
    return (m_currentPos < m_doc.getLength());
  }

  public String nextToken() {
    StringBuffer s = new StringBuffer();
    try {
      // Trim leading seperators
      while (hasMoreTokens()) {
        m_doc.getText(m_currentPos, 1, m_seg);
        char ch = m_seg.array[m_seg.offset];
        if (!Utils.isSeparator(ch)) {
          m_startPos = m_currentPos;
          break;
        }
        m_currentPos++;
      }

      // Append characters
      while (hasMoreTokens()) {
        m_doc.getText(m_currentPos, 1, m_seg);
        char ch = m_seg.array[m_seg.offset];
        if (Utils.isSeparator(ch)) {
          m_endPos = m_currentPos;
          break;
        }
        s.append(ch);
        m_currentPos++;
      }
    }
    catch (BadLocationException ex) {
      System.err.println("nextToken: "+ex.toString());
      m_currentPos = m_doc.getLength();
    }
    return s.toString();
  }

  public int getStartPos() { return m_startPos; }

  public int getEndPos() { return m_endPos; }

  public void setPosition(int pos) { 
    m_startPos = pos;
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    m_endPos = pos;
    m_currentPos = pos;
  }
}

class Utils
{
  // Unchanged code from section 20.8

  public static String soundex(String word) {
    char[] result = new char[4];
    result[0] = word.charAt(0);
    result[1] = result[2] = result[3] = '0';

 int index = 1;

    char codeLast = '*';
    for (int k=1; k<word.length(); k++) {
      char ch = word.charAt(k);
      char code = ' ';
      switch (ch) {
        case 'b': case 'f': case 'p': case 'v': 
          code = '1';
          break;
       case 'c': case 'g': case 'j': case 'k': 
        case 'q': case 's': case 'x': case 'z': 
          code = '2';
          break;
        case 'd': case 't': 
          code = '3';
          break;
        case 'l': 
          code = '4';
          break;
        case 'm': case 'n': 
          code = '5';
          break;
        case 'r': 
          code = '6';
          break;
        default:
          code = '*';
          break;
      }
      if (code == codeLast)
        code = '*';
      codeLast = code;
      if (code != '*') {
        result[index] = code;
        index++;
        if (index > 3)
          break;
      }
    }
    return new String(result);
  }

  public static boolean hasDigits(String word) {
    for (int k=1; k<word.length(); k++) {
      char ch = word.charAt(k);
      if (Character.isDigit(ch))
        return true;
    }
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    return false;
  }

  public static String titleCase(String source) {
    return Character.toUpperCase(source.charAt(0)) + 
      source.substring(1);
}

}

Understanding the Code

ClassW ordProcessor

Thisclassnow importsthejava.sql packagetomakeuseofJDBC functionality.The createMenuBar()

m ethod now createsanew menu titled “Tools,” which containsonemenu item titled “Spelling...” Thismenu

item can be invoked with keyboard acceleratorF7,orby pressing the coresponding toolbarbutton.W hen

selected, this new menu item creates and starts the SpellChecker thread (see below), passing a reference to 

the main application frame as parameter.

Class OpenList

Thiscustom componentreceivesnew functionality foruse in ournew spellcheckerdialog.First,we add a

new constructorwhich assignsa given numberofcolumnsto the textfield,and doesnotinitialize the list

component.

Second,we add the appendResultSet() method which populates the listcomponentwith the data

supplied in the given ResultSet instance atthe given position.Ifthe third parameterissetto true,this

tellsthemethod to convertallstring datato the ‘titlecase’ (which meansthatthefirstletterisin uppercase,

andtherestofthestringisunchanged).Thisisaccomplishedthroughuseofournew titleCase() method

in our Utils class (see below).

Class SpellChecker

ThisclassextendsThread to perform spellchecking ofthe currentdocumentfrom thecurrentcaretposition

moving downward. Two class variables are declared (their use will become more clear below):

String SELECT_QUERY: SQL query text used to select a word equal to a given string.

String SOUNDEX_QUERY: SQL query text used to select a word matching a given SOUNDEX value.

Five instance variables are declared:

WordProcessor m_owner: a reference to the main application frame.

Connection m_conn: JDBC connection to a database.

DocumentTokenizer m_tokenizer: a custom object used to retrieve each word in a document.

Hashtable m_ignoreAll:acollection ofwordsto ignorein asearch,added to with the “IgnoreAll”

button.

SpellingDialog m_dlg: our custom dialog used for processing spelling mistakes.

TheSpellChecker constructortakesareferenceto theapplication’sframeasaparameterand storesitin

them_owner instance variable. 
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The run() method isresponsible forthe mostsignificantactivity ofthisthread.To preventthe userfrom

modifying thedocumentduring spellchecking wefirstdisablethemain application frameand ourtextpane

contained within it. 

Note:UnlikeAW T,Swingcontainersdonotdisabletheirchildcomponentswhentheythemselvesaredisabled.Itis
not clear whether this is a bug or an intended feature.

Then we create a new SpellingDialog instance to provide the user interface, and instantiate the

m_ignoreAll collection.Inatry/catchblockweprocessallJDBC interactionstoallow properhandlingof

any potentialerrors.Thiscodecreatesa JDBC connection to ourShakespearedatabase,retrievesthecurrent

caretposition,and createsan instance of DocumentTokenizer to parse the documentfrom the current

caret position. In a while loop we perform spellcheckingoneachwordfetcheduntiltherearenomoretokens.

W ordsin alluppercase,containing only oneletter,orcontaining digits,areskipped (thisbehaviorcan easily

be customized). Then we convert the word under examination to lower case and search for it in the

m_ignoreAll collection. If it is not found, we try to find it in the database. IftheSQL querydoesnotreturn

any results,wetry to locateasimilarword in thedatabasewith thesameSOUNDEX valueto suggestto the

userin the dialog.The word in question isthen selected in ourtextpane to show the userwhich word is

currently underexamination.Finally we callourSpellingDialog’ssuggest() method to requestthat

theusermakeadecisionaboutwhattodowiththisword.Ifthe suggest() methodreturnsfalse,theuser

has chosen to terminate the spellchecking process,so we exitthe loop.Once outside the loop we close the

JDBC connection,restore the originalcaretposition,explicitly callthe garbage collector,and reenable the

main application frame and our text pane editor contained within it.

The following two methods are invoked by the SpellingDialog instance associated with this

SpellChecker:

replaceSelection() isused to replace the mostrecently parsed word by the DocumentTokenizer

instance, with the given replacement string. 

addToDB() adds a given word, and it’s SOUNDEX value, to the database by executing an insert query.

Class SpellChecker.SpellingDialog

This inner classrepresentsadialogwhichpromptstheusertoverifyorcorrectacertainwordifitisnotfound

in the database.The usercan selectone ofseveralactions in response:ignore the given word,ignore all

occurrencesofthatwordinthedocument,replacethatword with anotherword,add thisword to thedatabase

and consider it correct in any future matches, or cancel the spell check. Four instance variables are declared:

JTextField m_txtNotFound: used to display the word under investigation.

OpenList m_suggestions: editable list component to select or enter a replacement word.

String m_word: the word under investigation.

boolean m_continue: a flag indicating that spell checking should continue.

TheSpellingDialog constructorplacesthe m_txtNotFound componentand corresponding labelatthe

top of the dialog window. The m_suggestions OpenList is placedinthecenter,andsixbuttonsdiscussed

below, are grouped to the right.

The button titled “Change” replaces the word under investigation with the word currently selected in the list or 
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entered by the user.Then itstores true in the m_continue flag and hides the dialog window.This

terminates the modalstate ofthe dialog and makes the show() m ethod return,which in turn allows the

program ’s execution to continue (recall that modal dialogs block the calling thread until they are dismissed).

Thebuttontitled “Add” addsthewordinquestionto thespelling database.Thisword willthen beconsidered

correctin future queries.In thisway we allow the spellcheckerto “learn” new words(i.e.add them to the

dictionary).

The button titled “Suggest” populates the m_suggestions listwith allSOUNDEX matches to the word

underinvestigation.Thisbutton isintended forusein situationswheretheuserisnotsatisfied with theinitial

suggestions.

The button titled “Ignore” simply skips the current word and continues spell checking the remaining text.

The button titled “Ignore All” does thesameasthe “Ignore” button,butalsostoresthewordinquestioninthe

collectionofwordstoignore,sothenexttimethespellcheckerfindsthisworditwillbe deemedcorrect.The

differencebetween “Ignore All” and “Add” isthatignored wordswillonly be ignored during a single spell

check, whereas words added to the database will persist as long as the database data does.

Thebuttontitled “Close” storesfalse inthem_continue flagandhidesthedialogwindow.Thisresultsin

the termination of the spell checking process (see the suggest() method).

Thesuggest() m ethod isused to display thisSpellingDialog each timeaquestionableword islocated

duringthespellcheckingprocess.Ittakesa String andaResultSet containing suggested substitutionsas

parameters. It sets the text of the m_txtNotFound component to the String passed in, and calls

appendResultSet() on the OpenList to display an array ofsuggested corrections.Note thatthe first

character of these suggestions will be converted to upper case if the word in question starts with a capital letter. 

Finally,theshow() m ethod displaysthisdialog in themodalstate.Assoon asthisstateisterminated by one

ofthepush buttons,orby directly closing thedialog,the suggest() m ethod returnsthem_continue flag.

If this flag is set to false, this indicates that the calling program should terminate the spell checking cycle.

Class DocumentTokenizer

Thishelperclasswasbuiltto parsethecurrenttextpanedocument.Unfortunatelywecannotusethestandard

StreamTokenizer classforthispurpose,because itprovidesno way ofquerying the position ofa token

within the document(we need thisinformation to allow word replacement).Severalinstance variables are

declared:

Document m_doc: a reference to the document to be parsed.

Segment m_seg: used for quick delivery of characters from the document being parsed.

int m_startPos: the start position of the current word from the beginning of the document.

int m_endPos: the end position of the current word from the beginning of the document.

int m_currentPos: the current position of the parser from the beginning of the document.

TheDocumentTokenizer constructortakesareferenceto thedocumentto beparsed and theoffsetto start

at as parameters. It initializes the instance variables described above.
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ThehasMoreTokens() method returns true if the current parsing position lies within the document.

ThenextToken() method extracts the next token (a group of characters separated by one or morecharacters

definedintheWORD_SEPARATORS arrayfrom ourUtils class)andreturnsitasaString.Thepositionsof

the beginning and the end ofthe token are stored in the m_startPos and m_endPos instance variables

respectively. To access a portion of document text with the least possible overhead we use the

Document.getText() m ethod which takesthree parameters:offsetfrom the beginning ofthe document,

length ofthetext fragment,and areferenceto an instanceofthe Segment class(recallfrom chapter19 that

theSegment class provides an efficient means of directly accessing an array of document characters). 

W elook ateach characterin turn,passing overseparatorcharactersuntilthefirstnon-separatorcharacteris

reached.This position is marked as the beginning of a new word.Then a StringBuffer is used to

accumulatecharactersuntilaseparatorcharacter,ortheend ofdocument,isreached.Theresulting characters

are returned as a String.

Note:Thisvariantofthe getText() method givesusdirectaccessto the characterscontained in the document
through a Segment instance. These characters should not be modified.

Class Utils

Three new static methods are added to this class.The soundex() m ethod calculates and returns the

SOUNDEX codeofthegiven word.To calculatethatcodeweusethefirstcharacterofthegiven word and

add athree-digitcodethatrepresentsthefirstthreeremaining consonants.Theconversion ismadeaccording

to the following table:

Code Letters
1 B,P,F,V
2 C,S,G,J,K,Q,X,Z
3 D,T
4 L
5 M ,N
6 R
* (all others)

The hasDigits() m ethod returns true ifa given string containsdigits,and the titleCase() m ethod

converts the first character of a given string to upper case.

Running the Code

Open an existing RTF fileand try running acompletespellcheck.Try adding somewordsto thedictionary

and use the “Ignore All” button to avoid questioning a word again during thatspellcheck.Try using the

“Suggest” button to query the database formore suggestionsbased on ourSOUNDEX algorithm.Click the

“Change” button to accepta suggestion ora change typed into the textfield.Click the “Ignore” button to

ignore the current word being questioned.

Note:TheShakespearevocabularydatabasesuppliedforthisexampleisneithercompletenorcontemporary.Itdoes
notinclude such words as “software” or “Internet.” However,you can easily add them,when encountered
during a spell check, by clicking the“Add” button.
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Chapter 21. Pluggable Look & Feel
In this chapter:

• Pluggable Look & Feel overview

• Custom L&F: part I - Using custom resources

• Custom L&F: part II - Creating custom UI delegates

• L&F for custom components: part I - Implementing L&F support

• L&F for custom components: part II - Third party L&F support

21.1 Pluggable Look & Feel overview
Thepluggablelook-and-feelarchitectureisoneofSwing’sgreatestmilestones.Itallowsseamlesschangesin
the appearance ofan application and the way an application interactswith the user.Thiscan occurwithout
modification or recompilation of the application, and can be invoked programmatically during any single JVM  
session.In thischapterwe'lldiscusshow L&F works,how custom L&F can be implemented forstandard
Swingcomponents, and how L&F support (both existing and custom) can be added to custom components. 

Note:In chapter1 weintroduced thebasicconceptsbehind L&F and UIdelegates,and itmaybehelpfulto review
this material before moving on.

In examining Swing component source code, you will quickly notice that these classes do not contain any code 
forsophisticated rendering.Allthisdrawing codeisstored somewhereelse.Aswelearned in chapter1,this
codeisdefinedwithinvariousUIdelegates,which actasboth acomponent’sview and controller.(In chapter
6welearnedhow tocustomizeatabbedpaneanditsUIdelegate.Thiswasonlyasmalltasteoftheflexibility
offered by pluggable look-and-feelthatwe willbe discussing here.)Before jumping into the exampleswe
need to discuss how the mostsignificantL&F-related classes and interfaces function and interactin more
detail.

21.1.1 LookAndFeel

abstract class javax.swing.LookAndFeel

Thisabstractclassservesasthesuperclassofthecentralclassofanypluggablelook-and-feelimplementation.
The getDefaults() m ethod returnsan instanceofUIDefaults (see21.1.2).The getDescription()
m ethod returnsaone-to-two sentencedescription oftheL&F.getID()1 returnsasimple,uniquestring that
identifiesanL&F.getName() returnsashortstringrepresentingthenameofthatL&F,suchas “M alachite,”
or“W indows.”

The isNativeLookAndFeel() m ethod querie’s the System class to determine whether the given
LookAndFeel corresponds to that which emulates the operating system platform therunningVM isdesigned
for.The isSupportedLookAndFeel() m ethod isused to determinewhetherthegiven LookAndFeel is
supportedbytheoperatingsystem therunningVM isdesignedfor.Duetolegalissues,some LookAndFeels
will not be supported by certain operating systems, even though they have the ability to function perfectly fine. 

1 This method is actually not used by Swing, but as a rule it is a good idea to provide LookAndFeel
implementations with a unique identifier.
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Note:W ewillnotgo into thedetailsofhow to work around thisimposed limitation (although itisrelatively
easy), specifically because of the legal issues involved.

The initialize() and uninitialize() m ethods are called when a LookAndFeel is installed and
uninstalled, respectively. The toString() m ethod is defined to return the description returned by
getDescription(), as well as the fully qualified class name. 

Several convenient static methods are also provided for assigning and unassigning borders, colors, and fonts to 
components: installBorder(), installColors(), installColorsAndFont(), and
uninstallBorder().LookAndFeel implementstheseso thatthespecified propertiesonly changeifthe
currentproperty value of the given componentis a UIResource (see 21.1.4) or null.Static methods
makeKeyBindings() and makeIcon() areconveniencemethodsforbuildingalistoftextcomponentkey
bindings, and creating a UIDefaults.LazyValue (see 21.1.2) which can create an ImageIcon
UIResource.

21.1.2 UIDefaults

class javax.swing.UIDefaults

This class extends Hashtable and manages a collection of custom resources (objects, primitives, etc) used in 
this L&F. M ethods put(Object key, Object value) and putDefaults(Object[]
keyValueList) can beused to storedata(in thelattercasetheymustbeplaced in aone-dimensionalarray
in theorder:key1,value1,key2,value2,etc.).M ethod get(Object key) can beused to retrieveastored
resource.

UIDefaultsalso definestwo innerclasses:LazyValue and ActiveValue.A LazyValue isan entryin the
UIDefaultshashtablethatisnotinstantiated untilitislooked up with itsassociated key name.Largeobjects
thattakealong timeto instantiate,and arerarelyused,can benefitfrom being implemented as LazyValues.
An ActiveValue isone thatisinstantiated each time itislooked up with itsassociated key name.Those
resources that must be unique in each place they are used are often implemented as ActiveValues.

Both interfacesrequire the definition ofthe createValue() m ethod.The following code showsa simple
LazyValue that constructs a new border.

  Object myBorderLazyValue = new UIDefaults.LazyValue() { 
  public Object createValue(UIDefaults table) { 

      return new BorderFactory.createLoweredBevelBorder(); 
    } 
  }; 
  myUIDefaults.put("MyBorder", borderLazyValue);

Note that the createValue() m ethod will only be called once for LazyValues, whereas with
ActiveValues it will be called each time that resource is requested.

21.1.3 UIM anager

public class javax.swing.UIM anager

This class provides a set of static methods used to manage the current look-and-feel. Thecurrentlook-and-feel
isactuallymade upofathree-levelUIDefaults hierarchy:userdefaults,currentlook-and-feeldefaults,and
system defaults.Particularly importantmethods are getUI(JComponent target),which retrieves an
instance of ComponentUI forthe specified component,and getDefaults(),which retrieves a shared
instance of the UIDefaults class.
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21.1.4 The UIResource interface

abstract interface javax.swing.plaf.UIResource

This interface has no implementation and is used solely to mark resource objects createdforacomponent’sUI
delegate.Several classes used to wrap component UI resources implement this interface.For example:
InsetsUIResource, FontUIResource, IconUIResource, BorderUIResource, and
ColorUIResource.Thesewrapperclassesareusedforassigningresourcesthatwillbe relinquishedwhena
component’s UI delegate is changed. In other words, if we were to assign an instance of JLabel a
background ofColor.Yellow,thisbackground setting would persisteven through a UIdelegate change.
However,ifwewereto assign thatJLabel abackground ofnew ColorUIResource(Color.Yellow),
the background would only persist until another UI delegate is installed. W hen the next UI delegate is installed, 
the label will receive a new label background based on the L&F the new UI delegate belongs to.

21.1.5  ComponentUI

abstract class javax.swing.plaf.ComponentUI

This abstract classrepresentsacommonsuperclassofallcomponentUIdelegateclassesimplementedbyeach
different L&F packages. The createUI(JComponent c) static method creates an instance of
ComponentUI foragiven component.Seechapter1,section 1.4.1,foradescription ofeach ComponentUI
m ethod.

Abstractclassesinthejavax.swing.plaf packageextend ComponentUI torepresentthebaseclassfrom
which each Swing component’sUIshould extend:ButtonUI,TreeUI,etc.Each ofthese classeshave a
concrete default implementation in the javax.swing.plaf.basic package: BasicButtonUI,
BasicTreeUI,etc.In turn,these basic UIclassescan be,and are intended to be,extended by otherL&F
implementations. For example, the classes mentioned above are extended by MetalButtonUI and
MetalTreeUI defined in the javax.swing.plaf.metal package.

21.1.6 BasicLookAndFeel

class javax.swing.plaf.basic.BasicLookAndFeel

Thisclassprovidesthebasicimplementation ofjavax.swing.LookAndFeel.Itcreatesallresourcesused
by UI classes defined in the basic package. Custom L&F classes are expected to extend this class, rather than 
LookAndFeel directly, to replace only those resources that need to be customized.

Note:Thoughwewillnotgointothedetailsofeach basicUIdelegateimplementation in thisbook (indeed thisisa
large topic and deserves a whole volume unto itself),note thatthe basic package contains a class called
BasicGraphicsUtilswhich consistsofseveralstaticmethodsused fordrawing varioustypesofrectanglesmost
commonly used for borders. The basic packagealsocontainsseveralotherquiteusefulutility-likeclasses,anda
quick browse through the basic package API docs will reveal some of these interesting members.

21.1.7 How L&F works

Now we’lldiscuss how the pluggable look-and-feelmechanism works and whatactually happens when a
Swing component is created, painted, and when the user changes the application's L&F during a Java session.

AllSwing componentconstructorscallthe updateUI() m ethod inherited from JComponent.Thismethod
also may be called with the SwingUtilities.updateComponentTreeUI() helpermethod.The latter
methodrecursivelyupdatestheUIdelegateofeachchildofthespecifiedcomponent(we’vealreadyseenhow
this is used in chapters 1 and 16).
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TheupdateUI() m ethod overridden by mostSwing componentstypically hasan implementation similarto
the following:

    setUI((MenuUI)UIManager.getUI(this));

This invokesthestaticUIManager.getUI() m ethodandpassesathis componentreferenceasparameter.
Thismethod,in turn,triggersa callto getUI() on the shared UIDefaults instance retrieved with the
getDefaults() method.

The UIDefaults.getUI() m ethod actually createsthe ComponentUI objectfora given JComponent.
First it calls getUIClassID() onthatcomponenttodiscovertheuniquestringID associatedwiththatclass.
For example, the JTree.getUIClassID() call returns the string: “TreeUI.”

Priortotheprocessdescribedabove,the UIDefaults instance(whichextendsHashtable)isinitializedby
the sub-class of LookAndFeel which is currently in charge.For instance,the Java look-and-feel(also
referred to as “M etal”)isdefined by javax.swing.plaf.metal.MetalLookAndFeel.Thisclassfills
thatlook-and-feel’s shared UIDefaults instance with key-value pairs.Foreach componentwhich has a
corresponding UI delegateimplementationinthecurrentL&F,acomponentID StringandafullyqualifiedUI
delegate class name is added as a key/value pair to UIDefaults.For instance,the “TreeUI” ID key
corresponds to the “javax.swing.plaf.metal.M etalTreeUI” value in MetalLookAndFeel’s L&F
UIDefaults. If a particular LookAndFeel implementation does not specify a UI delegate for some
component, a value from the parent javax.swing.plaf.BasicLookAndFeel class is used.

Using these key/value pairs,the UIDefaults.getUI() m ethod determinesthe fully qualified classname
and callsthecreateUI() m ethod on thatclassusing theJavareflection API.Thisstaticmethod returnsan
instance of the proper UI delegate, for instance, MetalTreeUI.

BacktotheupdateUI() m ethod,theretrieved ComponentUI objectispassedtothesetUI() m ethodand
stored into protected variable,ComponentUI ui,inherited from the JComponent base class.This
completes the creation of a UI delegate. 

Recall that UI delegates are normally in charge of performing the associated component’s rendering, as well as 
processing user inputdirected to thatcomponent. The update() m ethod of a UI delegate is normally
responsible for painting a component’s background, if it is opaque,and then calling paint().A UI
delegate’spaint() m ethod iswhatactually paintsacomponent’scontent,and isthemethod wemostoften
override when building our own delegates.

Now let's review this process from a higher level perspective:

1.Thecurrentlyinstalledlook-and-feelprovidesan application with information aboutUIdelegatesto be
used for all Swing components instantiated in that application.

2.Using thisinformation,an instance ofa UIdelegate classcan be instantiated on demand fora given
component.

3.This UI delegate is passed to the componentand generally takes responsibility for providing the
complete user interface (view and controller).

4.TheUIdelegatecan beeasily replaced with anotherone atrun-time withoutaffecting the underlying
component or its data (e.g. its model).

21.1.8 Selecting an L&F

The Swing API shipped with Java 2 includes three standard L&Fs: M etal, M otif, and W indows (availableonly
forM icrosoftW indowsusers).Thefirstoneisnotassociatedwithanyexistingplatform andisconsideredthe
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“JavaL&F.” Thislook-and-feelisthedefault,andwillbeusedautomaticallyunlesswedirectlychangeL&Fs
in our app.

Reference: Apple provides the M acOS look-and-feel available for download at
http://www.apple.com/macos/java/text/download.html.

Note:Swing also providesa M ultiplexing look-and-feelwhich allowsmore than one UIdelegate to be associated
with a component at the same time.This L&F is intended for,but not limited to,use with accessible
technologies.

To selecta particular L&F we callthe UIManager.setLookAndFeel() m ethod and specify the fully
qualified classname ofa subclassof javax.swing.LookAndFeel which definesthe desired L&F.The
following code shows how to force an application to use the M otif L&F:

    try {
      UIManager.setLookAndFeel(
        "com.sun.java.swing.plaf.motif.MotifLookAndFeel");
    }
    catch (Exception e) {
      System.out.println ("Couldn't load Motif L&F " + e);
    }

Notethatthisshould be called before we instantiate any components.Alternatively we can callthismethod
and then use the SwingUtilities updateComponentTree() m ethod to change the currentL&F ofa
container and all its children, as discussed previously.

UI Guideline : Design Balance is affected by Look &  Feel Selection

Beware!AlthoughitistechnicallypossibletoupdateLook& Feelon-the-fly,thismayoftenbevisuallyundesirable.
DifferentL&Fs use different graphical weights for each component e.g. bezel thickness onbuttons.Therefore,a
displaywhichisdesignedtolook good inaparticularLook and Feelmaybevisuallyunbalanced andinelegant
when switched to anotherL&F.Thiscould be due to the change in W hite Space which balancesagainstthe
graphicalweightofelementssuch asbezelsoritmaybeachangein alignment.Forexample,the"M alachite"
L&F isvisuallyheavy,asarough guide,morewhitespacewillberequired compared to M etalL&F forawell
balanced effect.

21.1.9 Creating a custom LookAndFeel implementation

Swing providesthe complete flexibility ofimplementing ourown custom L&F,and distributing itwith our
application. This task usually involves overriding the rendering functionality of all Swing components
supported by ourL&F (defaultimplementations are then used foreach remaining componentwe are not
interested in customizing).In generalthisisnotasimpleproject,and willalmostalwaysrequirereferencing
Swingplaf source code.

The firststep isto establish a basic idea ofhow we willprovide consistentUIdelegate appearances.This
includessomethoughtasto whatcolorsand iconswillbeused foreach component,and whetherornotthese
choices fit well together.

Thenwemoveontothemostsignificantstepincreatingacustom look-and-feel,whichistheimplementation
ofa javax.swing.LookAndFeel sub-class.The following five abstractmethods are the minimum that
must be defined:

String getID(): returns the string ID of this L&F (e.g. "M otif").

String getName(): returns a short string describing this L&F (e.g. "CDE/M otif").
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String getDescription(): returns a one line string description of this L&F.

boolean isNativeLookAndFeel():returns true ifthe L&F correspondsto the currentunderlying
native platform.

boolean isSupportedLookAndFeel():returns true ifthe the currentunderlying native platform
supports and/or permits this L&F.

UIDefaults getDefaults():returns the L&F-specific Hashtable ofresources (discussed above).
This is the most important method of anyLookAndFeel implementation.

However, to make implementation simpler, it is normally expected that we extend
javax.swing.plaf.basic.BasicLookAndFeel insteadofjavax.swing.LookAndFeel directly.In
this case we override some of the following BasicLookAndFeel methods(alongwithafew LookAndFeel
m ethods above):

void initClassDefaults(UIDefaults table): fills a given UIDefaults instance with
key/value pairs specifying IDs and fully qualified class names of UI delegates for each component
supported by this L&F.

void initComponentDefaults(UIDefaults table): fills a given UIDefaults instance with
key/valuepairsusinginformation(typicallydrawingresources,e.g.colors,images,borders,etc.)specific
to this L&F.

void initSystemColorDefaults(UIDefaults table):fillsa given UIDefaults instance with
color information specific to this L&F.

void loadSystemColors(UIDefaults table, String[] systemColors, boolean
useNative):fills a given UIDefaults instance with color information specific to the underlying
platform.

The first two methods are the most significant, and we will discuss them in a bit more detail here.

21.1.10 Defining default component resources

The following code shows how to override the initComponentDefaults() m ethod to store custom
resources in a given UIDefaults instance. These resources will be usedtoconstructa JButton UIdelegate
corresponding to this L&F (an imaginary implementation for now):

    protected void initComponentDefaults(UIDefaults table) {
      super.initComponentDefaults(table);
      Object[] defaults = {
        "Button.font", new FontUIResource("Arial", Font.BOLD, 12 ),
        "Button.background", new ColorUIResource(4, 108, 2),
        "Button.foreground", new ColorUIResource(236, 236, 0),
        "Button.margin", new InsetsUIResource(8, 8, 8, 8)
      };
      table.putDefaults( defaults );
    }

Note that the super-class initComponentDefaults() m ethod is called before putting our custom
information in the table,since we only wantto override button UIresources.Also note thatthe resource
objects are encapsulated in special wrapper classes defined in javax.swing.plaf package (Font instances 
areplacedin FontUIResources,Colorsin ColorUIResources,etc.).Thisisnecessaryto correctlyload
and unload resources when the current L&F is changed.

Note:Resources keys startwith the componentname,minus the “J” prefix.So "Button.font" defines the font
resource for JButtons, while "RadioButton.font" defines the font resource for JRadioButtons.
Unfortunately these standard resource keysare notdocumented,butthey can allbe found directly in Swing
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L&F source code. For example, see M etalLookAndFeel.java in package javax.swing.plaf.metal.

21.1.11 Defining class defaults

Providing custom resources, such as colors and fonts, is the simplest way to create a custom L&F. However, to 
provide more powerfulcustomizationswe need to develop custom extensionsof ComponentUI classesfor
specific components.W e also need to provide a meansoflocating ourcustom UIdelegate classes so that
UIManager can successfully switch a component’s L&F on demand. 

Thefollowingcodeoverridesthe initClassDefaults() m ethodtostoreinformationaboutourimaginary
myLF.MyLFButtonUI class (a member of the imaginary myLF look-and-feel package),which extends
javax.swing.plaf.ButtonUI, and will be used to provide a custom L&F for JButton:

  protected void initClassDefaults(UIDefaults table) {
    super.initClassDefaults(table);
    try {
        String className = "myLF.MyLFButtonUI";
        Class buttonClass = Class.forName(className);
        table.put("ButtonUI", className);
        table.put(className, buttonClass);
    }
    catch (Exception ex) {
        ex.printStackTrace();
    }
  }

TheinitClassDefaults() implementation ofthesuper-classiscalled before(notafter)wepopulatethe
tablewith ourcustom information.Thisisbecausewedon’tintend to overrideallUIclassmappingsforall
components.Instead we use the defaultsettings forallbut “ButtonUI.” (W e did a similarthing above in
initComponentDefaults().)Also notethatweplaceboth thefully qualified classnameofthedelegate,
as well as the Class instance itself, in the table. 

Note:Placing only the classname in the defaultstable doesnotprovide correctfunctionality.AsofJava 2 FCS,
without a corresponding Class instance in thetableaswell,getUI() willnotbeabletoretrieveinstancesof
custom L&F delegates. W e will see that this is the case in the examples below.

21.1.12 Creating custom UI delegates

Now it'stime to show a simple pseudo-code implemention ofourimaginary myLF.MyLFButtonUI class
we've been relating our discussion to:

package myLF;

public class MyLFButtonUI extends  BasicButtonUI {
  private final static MyLFButtonUI m_buttonUI = 
    new MyLFButtonUI();

  protected Color  m_backgroundNormal = null;
  // Declare variables for other resources.

  public static ComponentUI createUI( JComponent c ) {
    return m_buttonUI;
  }

  public void installUI(JComponent c) {
    super.installUI(c);
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    m_backgroundNormal = UIManager.getColor(
      "Button.background");
    // Retrieve other resources and store them 
    // as instance variables.
    // Add listeners. These might be registered to receive 
    // events from a component’s model or the component itself.
  }

  public void uninstallUI(JComponent c) {
    super.uninstallUI(c);
    // Provide cleanup.
    // Remove listeners.
  }

  public void update(Graphics g, JComponent c) {
    // Provide custom background painting if the component is
    // opaque, then call paint().
  }

  public void paint(Graphics g, JComponent c) {
    // Provide custom rendering for the given component.
  }

  // Provide implementation for listeners.
}

This class extends javax.swing.plaf.basic.BasicButtonUI to override some of itsfunctionalityand
relieson basic L&F defaultsforthe rest.The shared instance,MyLFButtonUI m_buttonUI,iscreated
onceand retrieved using the createUI() m ethod.Thus,only oneinstanceofthisdelegatewillexist,and it
will act as the view and controller for all JButton instances with the myLF look-and-feel.

TheinstallUI() m ethod retrievesmyLF-specificresourcescorresponding to JButton (referback to our
discussion ofinitComponentDefaults() above).W emightalso usethismethod to add mouseand key
listeners to provide L&F-specific functionality.Forinstance,we mightdesign ourbutton UIsuch thatan
associated JButton’s textchanges coloreach time the mouse cursorrolls overit.An advantage ofthis
approach isthatwedon'tneed to modify ourapplication--wecan stillusenormalJButtons.Once myLF is
installed, this functionality will automatically appear.

TheuninstallUI() m ethodperformsallnecessarycleanup,includingtheremovalofanylistenersthatthis
delegate might have attached to the component or its model.

The update() m ethod willpaintthe given component’sbackground ifitisopaque,and then immediately
callpaint() (do not confuse this method with JComponent’spaint() method). 

Note: W e always recommend to implement painting functionality inthisway,butinrealitythebackgroundofSwing
components are more often painted directly within the paint() method (a quick skim through Swing UI
delegate source code illustrates--for example,see BasicRadioButtonUI.java).If this is not the case the
resultingbackgroundwillbethatpaintedbyJComponent’spaintingroutine.Forthisreasonweoftenfindno
background rendering code at all in UI delegates. 

Thisisa relatively minorissue.Justmake sure thatifyou do wantto take controlofa component’sbackground
rendering,itis bestto do so in UIdelegate update() methods.This rendering should only occurifthe
associatedcomponent’sopaquepropertyissettotrue,anditshouldbecalledbeforethemaindetailofitsview
is painted (update() should end with a call to paint()).

Thepaint() m ethodrendersagiven componentusing thegiven graphicalcontext.Notethatto usean L&F
successfully,the componentclass should notimplementany rendering functionality for itself.Instead,it
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should allow itspainting to be controlled by UIdelegate classesso thatallrendering isL&F-specific (refer
back to chapter 2 for further discussion of painting issues).

Note:Implementing a custom L&F willmake much more sense once we step through the firsttwo examples.W e
suggestthatyou referencetheabovediscussion often asyou make yourway through thischapter.Reviewing
the discussion of M VC in chapter 1 may also be helpful at this point.

21.1.13 M etal themes

class javax.swing.plaf.metal.M etalTheme

Themes are sets of color andfontdefinitionsthatcanbedynamicallypluggedinto MetalLookAndFeel,and
immediately used by aSwing app on-the-fly ifM etalisthecurrentL&F.To create a theme we simply sub-
classMetalTheme (orDefaultMetalTheme)and overrideaselection ofitsnumerous getXX() m ethods
to return a specific fontorcolor.A quick browse through these methodsshowsimplementationsforallthe
colors and fonts used throughout the M etal L&F, allowing us to customize M etal appearance however welike.
MetalLookAndFeel contains createDefaultTheme(),a protected method used to create the default
metal theme, and provides us with the setCurrentTheme() method which allows us to plug in a new theme. 
Theeffectsofplugging in anew themeareseen immediately.Themesofferasimplealternativeto building a
custom LookAndFeel, when all that is desired are some simple appearance changes.

21.2 Custom L&F: part I - Using custom resources

UI Guideline : W hen to consider a Custom  L& F

Developing aCustom L&F isnotatrivialundertaking.Almostcertainly,thereismoreeffortneeded forthedesign
rather than the coding. Consider a Custom Look & Feel in these situations:

You are designing a single use system, such as a self-service kiosk 

You areintending to roll-outasuiteofenterpriseapplicationswhich willwork togetherand you wantthe L&F to
reflect the corporate image or identity.

You aredeveloping afamilyofsoftwareproductsand wantto develop auniqueenvironmentorcorporateidentity.
ThiswasexactlySun'sintention with M etalL&F which closelyreflectsthecoloursand stylesused in theSun
Corporate identity.Otherexamplesof custom designed environmentsare LotusNotes,LotuseSuite and Sun
HotJava Views. 

Theeasiestway to createacustom look-and-feelisto simply customizedefaultcomponentresources(colors,
borders,fonts,etc.)withoutactually implementing any custom U Idelegates.In thiscase,the only thing we
need to do is extend BasicLookAndFeel (see above discussion),or another existing LookAndFeel
implementation,andprovideasetofresources.Thefollowingexampledemonstrateshow thiscanbedoneby
beginningthe implementation of our custom “M alachite” L&F.
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Figure 21.1 M alachite L&F in action.

<<file figure21-1.gif>>

The Code: Button1.java
see\Chapter21\1

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;
import javax.swing.event.*;

import Malachite.*;

public class Button1 extends JFrame 
{
  protected Hashtable  m_lfs;

  public Button1() {
    super("Look and Feel [Resources]");
    setSize(400, 300);
    getContentPane().setLayout(new FlowLayout());

    JMenuBar menuBar = createMenuBar();
    setJMenuBar(menuBar);

    JPanel p = new JPanel();
    JButton bt1 = new JButton("Click Me");
    p.add(bt1);

    JButton bt2 = new JButton("Don't Touch Me");
    p.add(bt2);
    getContentPane().add(p);

    p = new JPanel();
    JCheckBox chk1 = new JCheckBox("I'm checked");
    chk1.setSelected(true);
    p.add(chk1);
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    JCheckBox chk2 = new JCheckBox("I'm unchecked");
    chk2.setSelected(false);
    p.add(chk2);
    getContentPane().add(p);

    p = new JPanel();
    ButtonGroup grp = new ButtonGroup();
    JRadioButton rd1 = new JRadioButton("Option 1");
    rd1.setSelected(true);
    p.add(rd1);
    grp.add(rd1);

    JRadioButton rd2 = new JRadioButton("Option 2");
    p.add(rd2);
    grp.add(rd2);

    JRadioButton rd3 = new JRadioButton("Option 3");
    p.add(rd3);
    grp.add(rd3);
    getContentPane().add(p);

    JTextArea txt = new JTextArea(5, 30);
    getContentPane().add(txt);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  protected JMenuBar createMenuBar() {
    JMenuBar menuBar = new JMenuBar();
    JMenu mFile = new JMenu("File");

mFile.setMnemonic('f');

    JMenuItem mItem = new JMenuItem("Exit");
    mItem.setMnemonic('x');
    ActionListener lstExit = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        System.exit(0);
      }
    };
    mItem.addActionListener(lstExit);
    mFile.add(mItem);
    menuBar.add(mFile);

    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        String str = e.getActionCommand();
        Object obj = m_lfs.get(str);

  if (obj != null)
        try {
          String className = (String)obj;
          Class lnfClass = Class.forName(className);
          UIManager.setLookAndFeel(
            (LookAndFeel)(lnfClass.newInstance()));
          SwingUtilities.updateComponentTreeUI(
            Button1.this);
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        }
        catch (Exception ex) {
          ex.printStackTrace();
          System.err.println(ex.toString());
        }
      }
    };

    m_lfs = new Hashtable();
    UIManager.LookAndFeelInfo lfs[] =
      UIManager.getInstalledLookAndFeels();
    JMenu mLF = new JMenu("Look&Feel");
    mLF.setMnemonic('l');
    for (int k = 0; k < lfs.length; k++ ) {
      String name = lfs[k].getName();
      JMenuItem lf = new JMenuItem(name);
      m_lfs.put(name, lfs[k].getClassName());
      lf.addActionListener(lst);
      mLF.add(lf);
    }
    menuBar.add(mLF);

    return menuBar;
  }

  public static void main(String argv[]) {
    try {
      LookAndFeel malachite = new Malachite.MalachiteLF();
      UIManager.LookAndFeelInfo info = 
        new UIManager.LookAndFeelInfo(malachite.getName(),
      malachite.getClass().getName());
      UIManager.installLookAndFeel(info);
      UIManager.setLookAndFeel(malachite);
    }
    catch (Exception ex) {
      ex.printStackTrace();
      System.err.println(ex.toString());
    }
    new Button1();
  }
}

The Code: M alachiteLF.java
see\Chapter21\1\M alachite

package Malachite;

import java.awt.*;

import javax.swing.*;
import javax.swing.plaf.*;
import javax.swing.plaf.basic.*;

public class MalachiteLF extends BasicLookAndFeel 
 implements java.io.Serializable
{
  public String getID() { return "Malachite"; }
  public String getName() { return "Malachite Look and Feel"; }
  public String getDescription() { return "Sample L&F from Swing"; }
  public boolean isNativeLookAndFeel() { return false; }
  public boolean isSupportedLookAndFeel() { return true; }
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  protected void initComponentDefaults(UIDefaults table) {
    super.initComponentDefaults(table);

    ColorUIResource commonBackground = 
      new ColorUIResource(152, 208, 128);
    ColorUIResource commonForeground = 
      new ColorUIResource(0, 0, 0);
    ColorUIResource buttonBackground = 
      new ColorUIResource(4, 108, 2);
    ColorUIResource buttonForeground = 
      new ColorUIResource(236, 236, 0);
    ColorUIResource menuBackground = 
      new ColorUIResource(128, 192, 128);

    BorderUIResource borderRaised = new 
      BorderUIResource(new MalachiteBorder(
    MalachiteBorder.RAISED));
    BorderUIResource borderLowered = new 
      BorderUIResource(new MalachiteBorder(
        MalachiteBorder.LOWERED));

    FontUIResource commonFont = new 
      FontUIResource("Arial", Font.BOLD, 12 );

    Icon ubox = new ImageIcon("Malachite/ubox.gif");
    Icon ubull = new ImageIcon("Malachite/ubull.gif");

    Object[] defaults = {
      "Button.font", commonFont,
      "Button.background", buttonBackground,
      "Button.foreground", buttonForeground,
      "Button.border", borderRaised,
      "Button.margin", new InsetsUIResource(8, 8, 8, 8),
      "Button.textIconGap", new Integer(4),
      "Button.textShiftOffset", new Integer(2),

      "CheckBox.font", commonFont,
      "CheckBox.background", commonBackground,
      "CheckBox.foreground", commonForeground,
      "CheckBox.icon", new IconUIResource(ubox),

      "MenuBar.font", commonFont,
      "MenuBar.background", menuBackground,
      "MenuBar.foreground", commonForeground,

      "Menu.font", commonFont,
      "Menu.background", menuBackground,
      "Menu.foreground", commonForeground,
      "Menu.selectionBackground", buttonBackground,
      "Menu.selectionForeground", buttonForeground,

      "MenuItem.font", commonFont,
      "MenuItem.background", menuBackground,
      "MenuItem.foreground", commonForeground,
      "MenuItem.selectionBackground", buttonBackground,
      "MenuItem.selectionForeground", buttonForeground,
      "MenuItem.margin", new InsetsUIResource(2, 2, 2, 2),

      "Panel.background", commonBackground,
      "Panel.foreground", commonForeground,
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      "RadioButton.font", commonFont,
      "RadioButton.background", commonBackground,
      "RadioButton.foreground", commonForeground,
      "RadioButton.icon", new IconUIResource(ubull),

      "TextArea.margin", new InsetsUIResource(8, 8, 8, 8),
      "TextArea.border", borderLowered
    };

    table.putDefaults( defaults );
  }
}

The Code: M alachiteBorder.java
see\Chapter21\1\M alachite

package Malachite;

import java.awt.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class MalachiteBorder implements Border
{
  public static final int RAISED = 0;
  public static final int LOWERED = 1;

  static final String IMAGE_DIR = "Malachite/";
  static final ImageIcon IMAGE_NW = new ImageIcon(
    IMAGE_DIR+"nw.gif");
  static final ImageIcon IMAGE_N  = new ImageIcon(
    IMAGE_DIR+"n.gif");
  static final ImageIcon IMAGE_NE = new ImageIcon(
    IMAGE_DIR+"ne.gif");
  static final ImageIcon IMAGE_E  = new ImageIcon(
    IMAGE_DIR+"e.gif");
  static final ImageIcon IMAGE_SE = new ImageIcon(
    IMAGE_DIR+"se.gif");
  static final ImageIcon IMAGE_S  = new ImageIcon(
    IMAGE_DIR+"s.gif");
  static final ImageIcon IMAGE_SW = new ImageIcon(
    IMAGE_DIR+"sw.gif");
  static final ImageIcon IMAGE_W  = new ImageIcon(
    IMAGE_DIR+"w.gif");

  static final ImageIcon IMAGE_L_NW = new ImageIcon(
    IMAGE_DIR+"l_nw.gif");
  static final ImageIcon IMAGE_L_N  = new ImageIcon(
    IMAGE_DIR+"l_n.gif");
  static final ImageIcon IMAGE_L_NE = new ImageIcon(
    IMAGE_DIR+"l_ne.gif");
  static final ImageIcon IMAGE_L_E  = new ImageIcon(
    IMAGE_DIR+"l_e.gif");
  static final ImageIcon IMAGE_L_SE = new ImageIcon(
    IMAGE_DIR+"l_se.gif");
  static final ImageIcon IMAGE_L_S  = new ImageIcon(
    IMAGE_DIR+"l_s.gif");
  static final ImageIcon IMAGE_L_SW = new ImageIcon(
    IMAGE_DIR+"l_sw.gif");
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  static final ImageIcon IMAGE_L_W  = new ImageIcon(
    IMAGE_DIR+"l_w.gif");

  protected int m_w = 7;
  protected int m_h = 7;

  protected boolean m_isRaised = true;

  public MalachiteBorder() {}

  public MalachiteBorder(int type) {
    if (type != RAISED && type != LOWERED)
      throw new IllegalArgumentException(
        "Type must be RAISED or LOWERED");
    m_isRaised = (type == RAISED);
  }

  public Insets getBorderInsets(Component c) {
    return new Insets(m_h, m_w, m_h, m_w);
  }

  public  boolean isBorderOpaque() { return true; }

  public void paintBorder(Component c, Graphics g, 
   int x, int y, int w, int h)
  {
    int x1 = x+m_w;
    int x2 = x+w-m_w;
    int y1 = y+m_h;
    int y2 = y+h-m_h;
    int xx, yy;

    if (m_isRaised) {
      for (xx=x1; xx<=x2; xx += IMAGE_N.getIconWidth())
        g.drawImage(IMAGE_N.getImage(), xx, y, c);
      for (yy=y1; yy<=y2; yy += IMAGE_E.getIconHeight())
        g.drawImage(IMAGE_E.getImage(), x2, yy, c);
      for (xx=x1; xx<=x2; xx += IMAGE_S.getIconWidth())
        g.drawImage(IMAGE_S.getImage(), xx, y2, c);
      for (yy=y1; yy<=y2; yy += IMAGE_W.getIconHeight())
        g.drawImage(IMAGE_W.getImage(), x, yy, c);
      g.drawImage(IMAGE_NW.getImage(), x, y, c);
      g.drawImage(IMAGE_NE.getImage(), x2, y, c);
      g.drawImage(IMAGE_SE.getImage(), x2, y2, c);
      g.drawImage(IMAGE_SW.getImage(), x, y2, c);
    }
    else {
      for (xx=x1; xx<=x2; xx += IMAGE_L_N.getIconWidth())
        g.drawImage(IMAGE_L_N.getImage(), xx, y, c);
      for (yy=y1; yy<=y2; yy += IMAGE_L_E.getIconHeight())
        g.drawImage(IMAGE_L_E.getImage(), x2, yy, c);
      for (xx=x1; xx<=x2; xx += IMAGE_L_S.getIconWidth())
        g.drawImage(IMAGE_L_S.getImage(), xx, y2, c);
      for (yy=y1; yy<=y2; yy += IMAGE_L_W.getIconHeight())
        g.drawImage(IMAGE_L_W.getImage(), x, yy, c);
      g.drawImage(IMAGE_L_NW.getImage(), x, y, c);
      g.drawImage(IMAGE_L_NE.getImage(), x2, y, c);
      g.drawImage(IMAGE_L_SE.getImage(), x2, y2, c);
      g.drawImage(IMAGE_L_SW.getImage(), x, y2, c);
    }
  }
}
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Understanding the Code

Class Button1

Thisclassrepresentsasimpleframecontainerpopulatedbyseveralcomponents:JButtons,JCheckBoxes,
JRadioButtons,and JTextArea.Code in the constructor should be familair and requires no special
explanation here.

The createMenuBar() m ethod is responsible for creating this frame’s menu bar. A menu titled
"Look&Feel"ispopulated by menu itemscorresponding to LookAndFeel implementationsavailableon the
current JVM . An array of UIManager.LookAndFeelInfo instances is retrieved using the
UIManager.getInstalledLookAndFeels() m ethod.L&F classnamesstored in each info objectare
placed intothem_lfs Hashtable forfutureuse.A brieftextdescriptionofaparticularL&F retrievedusing
thegetName() method is used to create each corresponding menu item.

W hen a menu item isselected,the corresponding ActionListener updatesthe L&F forourapplication.
Thislistenerlocatestheclassnamecorresponding to theselected menu item,and anew instanceofthatclass
is created,through reflection,and setas the currentL&F using the UIManager.setLookAndFeel()
m ethod.

Note:W ecanalso use theoverloadedUIManager.setLookAndFeel(String className) method which
takes a fully qualified LookAndFeel classnameasparameter.However,asof Java2FCS,thisdoesnotwork
properly on all platforms.

The main() m ethod createsan instance ofourcustom L&F,MalachiteLF (defined in the Malachite
package),makesitavailableto thetheJavasession using UIManager.installLookAndFeel(),and sets
isasthe currentL&F using UIManager.setLookAndFeel().Ourexample frame isthen created,which
uses M alachite resources initially.

Class M alachite.M alachiteLF

This class defines ourM alachite look-and-feel.Note thatitextends BasicLookAndFeel to override its
functionality and resources only where necessary. This L&F is centered around a green malachite palette.

Note:M alachiteisagreenmineralcontainingcopper.ThismineralcanbefoundintheUralM ountainsofRussia,in
Australia, and in Arizona in the US. Since ancient times it has been used as gemstone.

M ethodsgetID(),getName(), and getDescription() return a short ID, name, and a text description of 
this L&F respectively.As we've discussed earlier,method initComponentDefaults() fills a given
UIDefaults instance with key/value pairs representing information specific to this L&F. In our
implementation wecustomizeresourcesforthefollowing components(recallthatthe “J” prefix isnotused):
Button, CheckBox, RadioButton, TextArea, M enuBar, M enu, M enuItem, and Panel. 

Note thatwe did notdefine the initClassDefaults() m ethod because we have notimplemented any
custom UI delegates (we will do this in the next section).

Class M alachite.M alachiteBorder

Thisclassdefinesourcustom M alachiteimplementation ofthe Border interface.Thisborderisintended to
provide the illusion ofa 3D frame cutoutof a green gemstone.Itcan be drawn in two forms:lowered or
raised.A 3D effectisproduced through the propercombination ofpreviously prepared images.The actual
rendering isdone in the paintBorder() m ethod,which simply drawsa setofthese imagesto renderthe
border.



17

Running the Code

Figure21.1 showsourButton1 exampleframepopulated with controlsusing theM alachiteL&F.Notethat
thesecontrolsarelifeless.W ecannotclickbuttons,checkoruncheckboxes,orselectradiobuttons.Tryusing
themenu to select another L&F available on your system and note the differences.

Thecomponentsareactually fully functionalwhen using theM alachiteL&F,butthey do nothavetheability
to change theirappearance in response to userinteraction.M ore functionality needsto be added to provide
mouseandkeylistenercapabilities,aswellasadditionalresourcesforuseinrepresentingtheselectedstateof
the button components. W e will do this in the next section.

Note:TheUIdelegateusedforeachofthesecomponentsisthecorrespondingbasic L&F version,becausewedid
notoverrideany classdefaultsin MalachiteLF.A quick look in thesourcecodeforthesedelegatesshows
that the rendering functionality for selected and focused states is not implemented. All sub-classes
corresponding to specific L&Fs are responsible for implementing this functionality themselves. 

Note:Thetextareain thisexampleisnotplaced in ascrolling panespecificallybecausewewantto emphasizethe
use of our custom border. This is the reason it resizes when a significant amount of text is entered.

21.3 Custom L&F: part II - Creating custom UI delegates
Thenextstepinthecreationofacustom L&F istheimplementation ofcustom UIdelegatescorresponding to
each supported component.In this section we'll show how to implement M alachite delegates for three
relatively simple Swing components: JButton,JCheckBox, and JRadioButton.

Figure 21.2 Custom  M alachite UI delegates in action.

<<file figure21-2.gif>>

The Code: M alachiteLF.java
see\Chapter21\2\M alachite

package Malachite;

import java.awt.*;
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import javax.swing.*;
import javax.swing.plaf.*;
import javax.swing.plaf.basic.*;

public class MalachiteLF extends BasicLookAndFeel 
 implements java.io.Serializable
{
  // Unchanged code from section 21.1

  protected void initClassDefaults(UIDefaults table) {
    super.initClassDefaults(table);
    putDefault(table, "ButtonUI");
    putDefault(table, "CheckBoxUI");
    putDefault(table, "RadioButtonUI");
  }

  protected void putDefault(UIDefaults table, String uiKey) {
    try  {
      String className = "Malachite.Malachite"+uiKey;
      Class buttonClass = Class.forName(className);
      table.put(uiKey, className);
      table.put(className, buttonClass);
    }
    catch (Exception ex) {
      ex.printStackTrace();
    }
  }

  protected void initComponentDefaults(UIDefaults table) {
    super.initComponentDefaults(table);

    // Unchanged code from section 21.1

    Icon ubox = new ImageIcon("Malachite/ubox.gif");
    Icon ubull = new ImageIcon("Malachite/ubull.gif");

    Icon cbox = new ImageIcon("Malachite/cbox.gif");
    Icon pcbox = new ImageIcon("Malachite/p_cbox.gif");
    Icon pubox = new ImageIcon("Malachite/p_ubox.gif");

    Icon cbull = new ImageIcon("Malachite/cbull.gif");
    Icon pcbull = new ImageIcon("Malachite/p_cbull.gif");
    Icon pubull = new ImageIcon("Malachite/p_ubull.gif");

    Object[] defaults = {
      "Button.font", commonFont,
      "Button.background", buttonBackground,
      "Button.foreground", buttonForeground,
      "Button.border", borderRaised,
      "Button.margin", new InsetsUIResource(8, 8, 8, 8),
      "Button.textIconGap", new Integer(4),
      "Button.textShiftOffset", new Integer(2),

      "Button.focusBorder", focusBorder,
      "Button.borderPressed", borderLowered,
      "Button.activeForeground", new 
        ColorUIResource(255, 255, 255),
      "Button.pressedBackground", new 
        ColorUIResource(0, 96, 0),

      "CheckBox.font", commonFont,
      "CheckBox.background", commonBackground,
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      "CheckBox.foreground", commonForeground,
      "CheckBox.icon", new IconUIResource(ubox),

      "CheckBox.focusBorder", focusBorder,
      "CheckBox.activeForeground", activeForeground,
      "CheckBox.iconPressed", new IconUIResource(pubox),
      "CheckBox.iconChecked", new IconUIResource(cbox),
      "CheckBox.iconPressedChecked", new IconUIResource(pcbox),
      "CheckBox.textIconGap", new Integer(4),

      // Unchanged code from section 21.1

      "RadioButton.font", commonFont,
      "RadioButton.background", commonBackground,
      "RadioButton.foreground", commonForeground,
      "RadioButton.icon", new IconUIResource(ubull),

      "RadioButton.focusBorder", focusBorder,
      "RadioButton.activeForeground", activeForeground,
      "RadioButton.iconPressed", new IconUIResource(pubull),
      "RadioButton.iconChecked", new IconUIResource(cbull),
      "RadioButton.iconPressedChecked", new IconUIResource(pcbull),
      "RadioButton.textIconGap", new Integer(4),

      "TextArea.margin", new InsetsUIResource(8, 8, 8, 8),
      "TextArea.border", borderLowered
    };

    table.putDefaults( defaults );
  }
}

The Code: M alachiteButtonUI.java
see\Chapter21\2\M alachite

package Malachite;

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.plaf.*;
import javax.swing.plaf.basic.*;

public class MalachiteButtonUI extends BasicButtonUI 
 implements java.io.Serializable, MouseListener, KeyListener
{
  private final static MalachiteButtonUI m_buttonUI = 
    new MalachiteButtonUI();

  protected Border m_borderRaised = null;
  protected Border m_borderLowered = null;
  protected Color  m_backgroundNormal = null;
  protected Color  m_backgroundPressed = null;
  protected Color  m_foregroundNormal = null;
  protected Color  m_foregroundActive = null;
  protected Color  m_focusBorder = null;

  public MalachiteButtonUI() {}
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  public static ComponentUI createUI( JComponent c ) {
    return m_buttonUI;
}

  public void installUI(JComponent c) {
    super.installUI(c);

    m_borderRaised = UIManager.getBorder(
      "Button.border");
    m_borderLowered = UIManager.getBorder(
      "Button.borderPressed");
    m_backgroundNormal = UIManager.getColor(

   "Button.background");
    m_backgroundPressed = UIManager.getColor(
      "Button.pressedBackground");
    m_foregroundNormal = UIManager.getColor(
      "Button.foreground");
    m_foregroundActive = UIManager.getColor(
      "Button.activeForeground");
    m_focusBorder = UIManager.getColor(
      "Button.focusBorder");

    c.addMouseListener(this);
    c.addKeyListener(this);
  }

  public void uninstallUI(JComponent c) {
    super.uninstallUI(c);
    c.removeMouseListener(this);
    c.removeKeyListener(this);
  }

  public void paint(Graphics g, JComponent c) {
    AbstractButton b = (AbstractButton) c;
    Dimension d = b.getSize();

    g.setFont(c.getFont());
    FontMetrics fm = g.getFontMetrics();

    g.setColor(b.getForeground());
    String caption = b.getText();
    int x = (d.width - fm.stringWidth(caption))/2;
    int y = (d.height + fm.getAscent())/2;
    g.drawString(caption, x, y);

    if (b.isFocusPainted() && b.hasFocus()) {
      g.setColor(m_focusBorder);
      Insets bi = b.getBorder().getBorderInsets(b);
      g.drawRect(bi.left, bi.top, d.width-bi.left-bi.right-1,
      d.height-bi.top-bi.bottom-1);
    }
  }

  public Dimension getPreferredSize(JComponent c) {
    Dimension d = super.getPreferredSize(c);
    if (m_borderRaised != null) {
      Insets ins = m_borderRaised.getBorderInsets(c);
      d.setSize(d.width+ins.left+ins.right, 
        d.height+ins.top+ins.bottom);
    }
    return d;
  }
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  public void mouseClicked(MouseEvent e) {}

  public void mousePressed(MouseEvent e) {
    JComponent c = (JComponent)e.getComponent();
    c.setBorder(m_borderLowered);
    c.setBackground(m_backgroundPressed);
  }

  public void mouseReleased(MouseEvent e) {
    JComponent c = (JComponent)e.getComponent();
    c.setBorder(m_borderRaised);
    c.setBackground(m_backgroundNormal);
  }

  public void mouseEntered(MouseEvent e) {
    JComponent c = (JComponent)e.getComponent();
    c.setForeground(m_foregroundActive);
    c.repaint();
  }

  public void mouseExited(MouseEvent e) {
    JComponent c = (JComponent)e.getComponent();
    c.setForeground(m_foregroundNormal);
    c.repaint();
  }

  public void keyTyped(KeyEvent e) {}

  public void keyPressed(KeyEvent e) {
    int code = e.getKeyCode();
    if (code == KeyEvent.VK_ENTER || code == KeyEvent.VK_SPACE) {
      JComponent c = (JComponent)e.getComponent();
      c.setBorder(m_borderLowered);
      c.setBackground(m_backgroundPressed);
    }
  }

  public void keyReleased(KeyEvent e) {
    int code = e.getKeyCode();
    if (code == KeyEvent.VK_ENTER || code == KeyEvent.VK_SPACE) {
      JComponent c = (JComponent)e.getComponent();
      c.setBorder(m_borderRaised);
      c.setBackground(m_backgroundNormal);
    }
  }
}

The Code: M alachiteCheckBoxUI.java
see\Chapter21\2\M alachite

package Malachite;

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.plaf.*;
import javax.swing.plaf.basic.*;
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public class MalachiteCheckBoxUI extends BasicCheckBoxUI 
 implements java.io.Serializable, MouseListener
{
  private final static MalachiteCheckBoxUI m_buttonUI = 
    new MalachiteCheckBoxUI();

  protected Color  m_backgroundNormal = null;
  protected Color  m_foregroundNormal = null;
  protected Color  m_foregroundActive = null;
protected Icon   m_checkedIcon = null;

  protected Icon   m_uncheckedIcon = null;
  protected Icon   m_pressedCheckedIcon = null;
  protected Icon   m_pressedUncheckedIcon = null;
  protected Color  m_focusBorder = null;
  protected int    m_textIconGap = -1;

  public MalachiteCheckBoxUI() {}

  public static ComponentUI createUI( JComponent c ) {
    return m_buttonUI;
  }

  public void installUI(JComponent c) {
    super.installUI(c);
    m_backgroundNormal = UIManager.getColor(
      "CheckBox.background");
    m_foregroundNormal = UIManager.getColor(
      "CheckBox.foreground");
    m_foregroundActive = UIManager.getColor(
      "CheckBox.activeForeground");
    m_checkedIcon = UIManager.getIcon(
      "CheckBox.iconChecked");
    m_uncheckedIcon = UIManager.getIcon(
      "CheckBox.icon");
    m_pressedCheckedIcon = UIManager.getIcon(
      "CheckBox.iconPressedChecked");
    m_pressedUncheckedIcon = UIManager.getIcon(
      "CheckBox.iconPressed");
    m_focusBorder = UIManager.getColor(
      "CheckBox.focusBorder");
    m_textIconGap = UIManager.getInt(
      "CheckBox.textIconGap");

    c.setBackground(m_backgroundNormal);
    c.addMouseListener(this);
  }

  public void uninstallUI(JComponent c) {
    super.uninstallUI(c);
    c.removeMouseListener(this);
  }

  public void paint(Graphics g, JComponent c) {
    AbstractButton b = (AbstractButton)c;
    ButtonModel model = b.getModel();
    Dimension d = b.getSize();

    g.setFont(c.getFont());
    FontMetrics fm = g.getFontMetrics();

    Icon icon = m_uncheckedIcon;
    if (model.isPressed() && model.isSelected())
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      icon = m_pressedCheckedIcon;
    else if (model.isPressed() && !model.isSelected())
      icon = m_pressedUncheckedIcon;
    else if (!model.isPressed() && model.isSelected())
      icon = m_checkedIcon;

    g.setColor(b.getForeground());
    int x = 0;
    int y = (d.height - icon.getIconHeight())/2;
    icon.paintIcon(c, g, x, y);

    String caption = b.getText();
    x = icon.getIconWidth() + m_textIconGap;
    y = (d.height + fm.getAscent())/2;
    g.drawString(caption, x, y);

    if (b.isFocusPainted() && b.hasFocus()) {
      g.setColor(m_focusBorder);
      Insets bi = b.getBorder().getBorderInsets(b);
      g.drawRect(x-2, y-fm.getAscent()-2, d.width-x,
      fm.getAscent()+fm.getDescent()+4);
    }
  }

  public void mouseClicked(MouseEvent e) {}
  public void mousePressed(MouseEvent e) {}
  public void mouseReleased(MouseEvent e) {}

  public void mouseEntered(MouseEvent e) {
    JComponent c = (JComponent)e.getComponent();
    c.setForeground(m_foregroundActive);
    c.repaint();
  }

  public void mouseExited(MouseEvent e) {
    JComponent c = (JComponent)e.getComponent();
    c.setForeground(m_foregroundNormal);
    c.repaint();
  }
}

The Code: M alachiteRadioButtonUI.java
see\Chapter21\2\M alachite

package Malachite;

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.plaf.*;
import javax.swing.plaf.basic.*;

public class MalachiteRadioButtonUI extends MalachiteCheckBoxUI 
 implements java.io.Serializable, MouseListener
{
  private final static MalachiteRadioButtonUI m_buttonUI = 
    new MalachiteRadioButtonUI();

  public MalachiteRadioButtonUI() {}



24

  public static ComponentUI createUI( JComponent c ) {
    return m_buttonUI;
  }

  public void installUI(JComponent c) {
    super.installUI(c);
    m_backgroundNormal = UIManager.getColor(
      "RadioButton.background");
    m_foregroundNormal = UIManager.getColor(
      "RadioButton.foreground");
  m_foregroundActive = UIManager.getColor(

      "RadioButton.activeForeground");
    m_checkedIcon = UIManager.getIcon(
      "RadioButton.iconChecked");
    m_uncheckedIcon = UIManager.getIcon(
      "RadioButton.icon");
    m_pressedCheckedIcon = UIManager.getIcon(
      "RadioButton.iconPressedChecked");
    m_pressedUncheckedIcon = UIManager.getIcon(
      "RadioButton.iconPressed");
    m_focusBorder = UIManager.getColor(
      "RadioButton.focusBorder");
    m_textIconGap = UIManager.getInt(
      "RadioButton.textIconGap");

    c.setBackground(m_backgroundNormal);
    c.addMouseListener(this);
  }
}

Understanding the Code

Class M alachite.M alachiteLF

The initClassDefaults() m ethod inherited from BasicLookAndFeel is now overridden.Aswe've
discussed above,thismethod willbecalled to fillagiven UIDefaults instancewith information aboutthe
specificclassesresponsibleforproviding acomponent'sUIdelegateforthisL&F.Ourimplementation calls
the super-class’s initClassDefaults() m ethod to provide all default options. It then replaces the
delegateclassesforourthree supported button componentsby calling our putDefault() custom method.
This helper method puts two entries into the given UIDefaults instance: the UI delegate fully qualified class
name, and a corresponding instance of java.lang.Class (see 21.1.11).

TheinitComponentDefaults() m ethodnow placesmorecustom resourcesinto thegiven UIDefaults
instance, including six custom icons. These resourcesareneededbyourcustom M alachite UIdelegates,aswe
will see below.

Class M alachite.M alachiteButtonUI

Thisclassprovidesa custom UIdelegate for JButton.Itextends BasicButtonUI to reuse much ofits
functionality, and implements MouseListener and KeyListener to capture and process user input. 

Class variable:

MalachiteButtonUI m_buttonUI: a shared instance of this class which is returned by createUI().

Instance variables:

Border m_borderRaised: border when not pressed.

Border m_borderLowered: border when pressed.
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Color m_backgroundNormal: background color when not pressed.

Color m_backgroundPressed: background color when pressed.

Color m_foregroundNormal: foreground color.

Color m_foregroundActive: foreground color when mouse cursor rolls over.

Color m_focusBorder: focus rectangle color.

The installUI() m ethod retrievesrendering resourcesfrom the defaultstable by calling static methods
defined in the UIManager class(theseresourceswerestored by MalichiteLF asdescribed above).Italso
attachesthis asaMouseListener and KeyListener tothespecifiedcomponent.TheuninstallUI()
simply removes these listeners.

The paint() m ethod renders a given component using the given graphicalcontext.Rendering of the
background and borderis done automatically by JComponent (see 21.1.12), so the responsibility ofthis
method is to simply render a button's text and focus rectangle.

ThegetPreferredSize() method is overridden since thedefaultimplementationinthe BasicButtonUI
classdoesnottake into accountthe button'sborder(interestingly enough).Since we use a relatively thick
borderin M alachite,we need to override this method and add the border's insets to the width and height
returned by the superclass implementation.

The nextfive methods representan implementation ofthe MouseListener interface.To indicate thata
button componentiscurrently pressed,the mousePressed() m ethod changesa button'sbackground and
border,which in turn causes thatcomponentto be repainted.M ethod mouseReleased() restores these
attributes. To provide an additional rollover effect, method mouseEntered() changes the associated
button's foreground color, which is then restored in the mouseExited() method.

The remaining three methods represent an implementation of the KeyListener interface. Pressing the space-
bar or Enter keys while the button is in focus produces the same effect as performing a button click.

Class M alachite.M alachiteCheckBoxUI

This class extends BasicCheckBoxUI to provide a custom UI delegate for our JCheckBox component. 

Class variable:

MalachiteCheckBoxUI m_buttonUI:asharedinstanceofthisclasswhichisreturnedby createUI()
m ethod.

Instance variables:

Color m_backgroundNormal: component's background.

Color m_foregroundNormal: foreground color.

Color m_foregroundActive: rollover foreground color.

Icon m_checkedIcon: icon displayed when checked and not pressed.

Icon m_uncheckedIcon: icon displayed when not checked and not pressed.

Icon m_pressedCheckedIcon: icon displayed when checked and pressed.

Icon m_pressedUncheckedIcon: icon displayed when not checked and pressed.

Color m_focusBorder:focus rectangle color.

int m_textIconGap: gap between icon and text.
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Similar to MalachiteButtonUI, the installUI() m ethodretrievesrenderingresourcesfrom thedefaults
table and stores them in instance variables.Italso attatches this as a MouseListener to the given
component.

The paint() m ethod rendersthe given componentusing a given graphicalcontext.Itdrawsan icon,text,
and focus rectangle when appropriate (this code is fairly straightforward and does not require detailed
explanation here).

The nextfive methods representan implementation of the MouseListener interface which provides a
similar rollover effect to that of MalachiteButtonUI.

Class M alachite.M alachiteRadioButtonUI

ThisclassextendsMalachiteCheckBoxUI.Theonly majordifferencebetween thisclassand itsparentis
thatthisclassusesadifferentsetoficonsto rendertheradio button.The paint() m ethod isnotoverriden.
TheinstallUI() method is modified to retrieve the necessary resources.

Running the Code

Figure 21.2 shows our example frame from the previous section with our new M alachite UI delegates in action. 
You can see thatthe push buttonshave became biggerbecause theirsize now properly includesthe border
thickness. The most significant difference appears when the buttons are clicked, and boxes are
checked/unchecked using using the mouse and keyboard.

Atthispointweleavetheimplementation ofM alachiteUIdelegatesforotherexisting Swing componentsup
toyou. You should now have a good idea of how to approach the task for any component. Switching gears, we 
willnow discussL&F customization from theoppositepointofview:providing existing L&F capabilitiesfor
custom components.

21.4 L&F for custom components: part I - Implementing L&F support
In this section we'll add support for existing L&Fs to a custom component,namely our InnerFrame
developed in chapter15.W e'llshow how to modify this componentso itcomplies with the look-and-feel
paradigm and behavesaccordingly.Itwilluseshared resourcesprovided by theinstalled L&F and usethese
resourcesforrendering itself.Thisrequirescreation ofa custom UIdelegate aswellasmodification ofthe
component itself.

To allow directcomparison with JInternalFrame,wecreateadesktop panecontainerwith amenu barto
allow thecreation ofan arbitrary numberofInnerFramesand JInternalFramesin a cascaded fashion.
W e also allow L&F switching at run-time (as we did in the previous examples). 

Note: W e use a JDesktopPane instead of our mdi package’s custom MDIPane component because
JInternalFrame generatesa nullpointerexception when activated (in Java 2 FCS)ifitsparentisnota
JDesktopPane.
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Figure 21.4 InnerFram e and JInternalFram e in the M etal L&F.

<<file figure21-4.gif>>

Figure 21.5 InnerFram e and JInternalFram e in the W indow s L&F.

<<file figure21-5.gif>>
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Figure 21.6 InnerFram e and JInternalFram e in the M otif L&F.

<<file figure21-6.gif>>

The Code: M diContainer.java
see\Chapter21\3

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;

import mdi.*;

public class MdiContainer extends JFrame 
{
  protected ImageIcon m_icon;
  protected Hashtable m_lfs;

  public MdiContainer() {
    super("Custom MDI: Look & Feel");

    setSize(570,400);
    setContentPane(new JDesktopPane());

    m_icon = new ImageIcon("earth.jpg");
    JMenuBar menuBar = createMenuBar();
    setJMenuBar(menuBar);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);
    setVisible(true);
  }
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  protected JMenuBar createMenuBar() {
    JMenuBar menuBar = new JMenuBar();

    JMenu mFile = new JMenu("File");
    mFile.setMnemonic('f');

    JMenuItem mItem = new JMenuItem("New InnerFrame");
    mItem.setMnemonic('i');
    ActionListener lst = new ActionListener() { 
      int m_counter = 0;
      public void actionPerformed(ActionEvent e) {
        m_counter++;
        InnerFrame frame = new InnerFrame("InnerFrame " + 
          m_counter);
        int i = m_counter % 5;
        frame.setBounds(20+i*20, 20+i*20, 200, 200);
        frame.getContentPane().add(
          new JScrollPane(new JLabel(m_icon)));
        getContentPane().add(frame);
        frame.toFront();
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);

    mItem = new JMenuItem("New JInternalFrame");
    mItem.setMnemonic('j');
    lst = new ActionListener() { 
      int m_counter = 0;
      public void actionPerformed(ActionEvent e) {
        m_counter++;
        JInternalFrame frame = new JInternalFrame(
          "JInternalFrame " + m_counter);
        frame.setClosable(true);
        frame.setMaximizable(true);

 frame.setIconifiable(true);
        frame.setResizable(true);

        int i = m_counter % 5;
        frame.setBounds(50+i*20, 50+i*20, 200, 200);
        frame.getContentPane().add(
          new JScrollPane(new JLabel(m_icon)));
        getContentPane().add(frame);
        frame.toFront();
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);
    mFile.addSeparator();

    mItem = new JMenuItem("Exit");
    mItem.setMnemonic('x');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        System.exit(0);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);
    menuBar.add(mFile);
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    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        String str = e.getActionCommand();
        Object obj = m_lfs.get(str);
        if (obj != null)
          try {
            String className = (String)obj;
            Class lnfClass = Class.forName(className);
            UIManager.setLookAndFeel(
              (LookAndFeel)(lnfClass.newInstance()));
            SwingUtilities.updateComponentTreeUI(
              MdiContainer.this);
          }
          catch (Exception ex) {
            ex.printStackTrace();
            System.err.println(ex.toString());
          }
     }
    };

    m_lfs = new Hashtable();
    UIManager.LookAndFeelInfo lfs[] =
      UIManager.getInstalledLookAndFeels();
    JMenu mLF = new JMenu("Look&Feel");
    mLF.setMnemonic('l');
    for (int k = 0; k < lfs.length; k++ ) {
      String name = lfs[k].getName();
      JMenuItem lf = new JMenuItem(name);
      m_lfs.put(name, lfs[k].getClassName());
      lf.addActionListener(lst);
      mLF.add(lf);
    }
    menuBar.add(mLF);

    return menuBar;
  }

  public static void main(String argv[]) {
   new MdiContainer();
  }
}

The Code: InnerFram e.java
see\Chapter21\3\m di

package mdi;

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import javax.swing.*;
import javax.swing.event.*;
import javax.swing.border.*;

import javax.swing.plaf.ComponentUI;
import mdi.plaf.*;

public class InnerFrame extends JPanel 
 implements RootPaneContainer, Externalizable
{
  // Unchanged code from section 15.7
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  private Color m_titleBarBackground;
  private Color m_selectedTitleBarBackground;
  private Color m_titleBarForeground;
  private Color m_selectedTitleBarForeground;
  private Font  m_titleBarFont;
  private Border m_frameBorder;

  private Icon m_frameIcon;

  public InnerFrame() {
    this("");
  }

  // Unchanged code from section 15.7

  ////////////////////////////////////////////
  /////////////// L&F Support ////////////////
  ////////////////////////////////////////////

  static {
    UIManager.getDefaults().put(
      "InnerFrameUI", "mdi.plaf.InnerFrameUI");
    UIManager.getDefaults().put("InnerFrameButtonUI",
      "javax.swing.plaf.basic.BasicButtonUI");
  }

  public static ComponentUI createUI(JComponent a) {
    ComponentUI mui = new InnerFrameUI();
    return mui;
  }

  public void setUI(InnerFrameUI ui) {
    if ((InnerFrameUI)this.ui != ui) {
      super.setUI(ui);
      repaint();
    }
  }

  public InnerFrameUI getUI() {
    return (InnerFrameUI)ui;
  }

  public void updateUI() {
    setUI((InnerFrameUI)UIManager.getUI(this));
    invalidate();
  }

  public String getUIClassID() {
    return "InnerFrameUI";
  }

  // Unchanged code from section 15.7

  public void setSelectedTitleBarForeground(Color c) {
    m_selectedTitleBarForeground = c;
    updateTitleBarColors();
  }

  public Color getSelectedTitleBarForeground() {
    return m_selectedTitleBarForeground;
  }
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  public void setTitleBarFont(Font f) {
    m_titleBarFont = f;
    updateTitleBarColors();
  }

  public Font getTitleBarFont() {
    return m_titleBarFont;
  }

  public void setBorder(Border b) {
    m_frameBorder = b;
    if (b != null) {
      Insets ins = b.getBorderInsets(this);
      if (m_northResizer != null)
        m_northResizer.setHeight(ins.top);
      if (m_southResizer != null)
        m_southResizer.setHeight(ins.bottom);
      if (m_eastResizer != null)
        m_eastResizer.setWidth(ins.right);
      if (m_westResizer != null)
        m_westResizer.setWidth(ins.left);
      if (isShowing())
        validate();
    }
  }

  public Border getBorder() {
    return m_frameBorder;
  }

  protected void updateTitleBarColors() {
    if (isShowing())
        repaint();
  }

  public void setFrameIcon(Icon fi) {
    m_frameIcon = fi;
    if (fi != null) {
      if (m_frameIcon.getIconHeight() > TITLE_BAR_HEIGHT)
        setTitleBarHeight(m_frameIcon.getIconHeight() + 2*FRAME_ICON_PADDING);
      if (m_iconLabel != null)
        m_iconLabel.setIcon(m_frameIcon);
    }
    else 
        setTitleBarHeight(TITLE_BAR_HEIGHT);
    if (isShowing())
        revalidate();
  }

  public Icon getFrameIcon() {
   return m_frameIcon;
  }

  // Unchanged code from section 15.7

  protected void createTitleBar() {
  m_titlePanel = new JPanel() {
    public Dimension getPreferredSize() {
      return new Dimension(InnerFrame.this.getWidth(), 
        m_titleBarHeight);
    }
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    public Color getBackground() {
      if (InnerFrame.this == null)
        return super.getBackground();
      if (isSelected())
        return getSelectedTitleBarBackground();
      else
        return getTitleBarBackground();
    }
  };
  m_titlePanel.setLayout(new BorderLayout());
  m_titlePanel.setOpaque(true);

  m_titleLabel = new JLabel() {
    public Color getForeground() {
      if (InnerFrame.this == null)
        return super.getForeground();
      if (isSelected())
        return getSelectedTitleBarForeground();
      else
        return getTitleBarForeground();
    }

    public Font getFont() {
      if (InnerFrame.this == null)
        return super.getFont();
      return m_titleBarFont;
    }
  };

  // Unchanged code from section 15.7

  class InnerFrameButton extends JButton 
  {
    // Unchanged code from section 15.7

    public void setBorder(Border b) { }

    public Border getBorder() { return null; }

    public String getUIClassID() {
        return "InnerFrameButtonUI";
    }
  }

  // Unchanged code from section 15.7

  class EastResizeEdge extends JPanel
   implements MouseListener, MouseMotionListener 
  {
    private int WIDTH = BORDER_THICKNESS;
    private int MIN_WIDTH = ICONIZED_WIDTH;
    private boolean m_dragging;
    private JComponent m_resizeComponent;

    protected EastResizeEdge(JComponent c) {
      m_resizeComponent = c;
      setOpaque(false);
      if (m_frameBorder != null)
        WIDTH = 
          m_frameBorder.getBorderInsets(InnerFrame.this).right;
    }
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    public void setWidth(int w) {
      WIDTH = w;
    }

    // Unchanged code from section 15.7
  }

  // Classes WestResizeEdge, NorthResizeEdge, and SouthResizeEdge 
  // are modified similarly

  public void writeExternal(ObjectOutput out) throws IOException {
    out.writeObject(m_titleBarBackground);
    out.writeObject(m_titleBarForeground);
    out.writeObject(m_selectedTitleBarBackground);
    out.writeObject(m_selectedTitleBarForeground);
    out.writeObject(m_frameBorder);

    // Unchanged code from section 15.7
  }

  public void readExternal(ObjectInput in)
   throws IOException, ClassNotFoundException {
    setTitleBarBackground((Color)in.readObject());
    setTitleBarForeground((Color)in.readObject());
    setSelectedTitleBarBackground((Color)in.readObject());
    setSelectedTitleBarForeground((Color)in.readObject());
    setBorder((Border)in.readObject());

    setTitle((String)in.readObject());

    // Unchanged code from section 15.7

    setFrameIcon((Icon)in.readObject());
   // Unchanged code from section 15.7
  }
}

The Code: InnerFram eUI.java
see\Chapter21\3\m di\plaf

package mdi.plaf;

import java.awt.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.plaf.*;

import mdi.*;

public class InnerFrameUI extends javax.swing.plaf.PanelUI 
{
  private static InnerFrameUI frameUI;

  protected static Color DEFAULT_TITLE_BAR_BG_COLOR;
  protected static Color DEFAULT_SELECTED_TITLE_BAR_BG_COLOR;
  protected static Color DEFAULT_TITLE_BAR_FG_COLOR;
  protected static Color DEFAULT_SELECTED_TITLE_BAR_FG_COLOR;
  protected static Font  DEFAULT_TITLE_BAR_FONT;
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  protected static Border DEFAULT_INNER_FRAME_BORDER;
  protected static Icon  DEFAULT_FRAME_ICON;

  private static Hashtable m_ownDefaults = new Hashtable();

  static {
    m_ownDefaults.put("InternalFrame.inactiveTitleBackground",
      new ColorUIResource(108,190,116));
    m_ownDefaults.put("InternalFrame.inactiveTitleForeground",
      new ColorUIResource(Color.black));
    m_ownDefaults.put("InternalFrame.activeTitleBackground",
      new ColorUIResource(91,182,249));
    m_ownDefaults.put("InternalFrame.activeTitleForeground",
      new ColorUIResource(Color.black));
    m_ownDefaults.put("InternalFrame.titleFont",
      new FontUIResource("Dialog", Font.BOLD, 12));
    m_ownDefaults.put("InternalFrame.border",
      new BorderUIResource(new MatteBorder(4, 4, 4, 4, Color.blue)));
    m_ownDefaults.put("InternalFrame.icon",
      new IconUIResource(new ImageIcon("mdi/default.gif")));
  }

  public static ComponentUI createUI(JComponent c) {
    if(frameUI == null)
      frameUI = new InnerFrameUI();
    try {
      frameUI.installDefaults();
      InnerFrame frame = (InnerFrame)c;
      frame.setTitleBarBackground(DEFAULT_TITLE_BAR_BG_COLOR);
      frame.setSelectedTitleBarBackground(
        DEFAULT_SELECTED_TITLE_BAR_BG_COLOR);
      frame.setTitleBarForeground(DEFAULT_TITLE_BAR_FG_COLOR);
        frame.setSelectedTitleBarForeground(
          DEFAULT_SELECTED_TITLE_BAR_FG_COLOR);
      frame.setTitleBarFont(DEFAULT_TITLE_BAR_FONT);
      frame.setBorder(DEFAULT_INNER_FRAME_BORDER);
      frame.setFrameIcon(DEFAULT_FRAME_ICON);
      if (frame.isShowing())
        frame.repaint();
    } 
    catch (Exception ex) {
      System.err.println(ex);
      ex.printStackTrace();
    }

    return frameUI;
  }

  public void installUI(JComponent c) {
    InnerFrame frame = (InnerFrame)c;
    super.installUI(frame);
  }

  public void uninstallUI(JComponent c) {
    super.uninstallUI(c);
  }

  protected void installDefaults() {
    DEFAULT_TITLE_BAR_BG_COLOR = (Color)findDefaultResource(
      "InternalFrame.inactiveTitleBackground");
    DEFAULT_TITLE_BAR_FG_COLOR = (Color)findDefaultResource(
      "InternalFrame.inactiveTitleForeground");
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    DEFAULT_SELECTED_TITLE_BAR_BG_COLOR = (Color)findDefaultResource(
      "InternalFrame.activeTitleBackground");
    DEFAULT_SELECTED_TITLE_BAR_FG_COLOR = (Color)findDefaultResource(
      "InternalFrame.activeTitleForeground");
    DEFAULT_TITLE_BAR_FONT = (Font)findDefaultResource(
      "InternalFrame.titleFont");
    DEFAULT_INNER_FRAME_BORDER = (Border)findDefaultResource(
      "InternalFrame.border");
    DEFAULT_FRAME_ICON = (Icon)findDefaultResource(
      "InternalFrame.icon");
  }

  protected Object findDefaultResource(String id) {
    Object obj = null;
    try {
      UIDefaults uiDef = UIManager.getDefaults();
      obj = uiDef.get(id);
    }
    catch (Exception ex) {
      System.err.println(ex);
    }
    if (obj == null)
      obj = m_ownDefaults.get(id);
    return obj;
  }

  public void paint(Graphics g, JComponent c) {
    super.paint(g, c);
    if (c.getBorder() != null)
      c.getBorder().paintBorder(
    c, g, 0, 0, c.getWidth(), c.getHeight());
  }

  public Color getTitleBarBkColor() {
    return DEFAULT_TITLE_BAR_BG_COLOR;
  }

  public Color getSelectedTitleBarBkColor() {
    return DEFAULT_SELECTED_TITLE_BAR_BG_COLOR;
  }

  public Color getTitleBarFgColor() {
    return DEFAULT_TITLE_BAR_FG_COLOR;
  }

  public Color getSelectedTitleBarFgColor() {
    return DEFAULT_SELECTED_TITLE_BAR_FG_COLOR;
  }

  public Font getTitleBarFont() {
    return DEFAULT_TITLE_BAR_FONT;
  }

  public Border getInnerFrameBorder() {
    return DEFAULT_INNER_FRAME_BORDER;
  }
}

Understanding the Code
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Class M diContainer

Thisclassrepresentsasimpleframecontainersimilartotheoneusedinchapter15todemonstrateourcustom
M DI interface. An instance of JDesktopPane is set as the content pane for this frame to support
JInternalFrames as well as our InnerFrame component.

The createMenuBar() m ethod creates and populates a menu bar for this example.A “File” menu is
constructed with three menu items: 

M enuitem “New InnerFrame” createsanew instanceofInnerFrame andaddsittothedesktoppane.The
closable, maximizable, iconifiable, and resizable properties are set by default to
demonstrate the maximum number of UI elements used in this component.

M enu item “New JInternalFrame” createsanew instanceofSwing’sJInternalFrame and addsitto the
desktop pane.

M enu item “Exit” quits this application.

A “Look&Feel” menu is constructed with an array of menu items corresponding to the L&Fs currently
installed.Theseitemsarehandledthesamewaytheywereinpreviousexamplesanddonotrequireadditional
explanation here.

Class mdi.InnerFrame

This class was introduced in chapter 15 and requiressomeminormodificationstosupportL&F.Firstnotethat
the new mdi.plaf package and javax.swing.plaf.ComponentUI class are imported.

Asweknow,itistypicalforL&F-compliantcomponentsto notperform anyrendering bythemselvesand not
explicitly hold any resourcesforthisprocess.Instead allrendering and necessary resourcesinvolved (colors,
icons,bordersetc.)should bemaintained by a UIdelegate corresponding to thatcomponent.To conform to
thisdesign pattern,we remove severalclassvariablesfrom our InnerFrame classand move them to our
custom InnerFrameUI class (see below). Specifically: DEFAULT_TITLE_BAR_BG_COLOR,
DEFAULT_SELECTED_TITLE_BAR_BG_COLOR, and DEFAULT_FRAME_ICON. W e will use resources
provided by the currently installed L&F for these variables instead of hard-coded values defined in the
component class.

Two class variables (DEFAULT_BORDER_COLOR and DEFAULT_SELECTED_BORDER_COLOR) have been
removed.W edon'tneed them any moresincewe'llusea Border instanceto renderInnerFrame'sborder.
Eightdefaulticon variables (ICONIZE_BUTTON_ICON,RESTORE_BUTTON_ICON,CLOSE_BUTTON_ICON,
MAXIMIZE_BUTTON_ICON,MINIMIZE_BUTTON_ICON,and their pressed variants) are intentionally left
unchanged.W ecould movethem into ourUIdelegateclassaswell,and usestandard iconsprovided by L&F
for these variables. But we’ve decided to preserve some individuality for our custom component. 

Note:Swing'sJInternalFrame delegatesprovide only one standard icon forthe frame controls,whereasour
implementation usestwo iconsforpressed and notpressed states.Since we willuseJInternalFrame UI
delegate resources,this would require us to eitherremove ourtwo-icon functionality,orconstructseparate
icons for use with each L&F.

Now let's take a look at the instance variables that have been modified:

Color m_titleBarBackground: background color for the titlebarofaninactiveframe;now initialized
by the InnerFrameUI delegate.

Color m_selectedTitleBarBackground:background colorforthetitlebarofan activeframe;now
initialized by the InnerFrameUI delegate.

Color m_titleBarForeground:foreground colorforthetitlebarofan inactiveframe;now initialized
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by the InnerFrameUI delegate. The previous version supported only one foreground color. This version 
distinguishes between the foreground of active and inactive frames (thatis necessary for supportof
various L&Fs).

Color m_selectedTitleBarForeground:new variable forforeground colorofthe title barofan
active frame. Two new methods, setSelectedTitleBarForeground() and
getSelectedTitleBarForeground(), support this variable.

Font m_titleBarFont:new variableforthetitlebar'sfont.Thepreviousversionusedadefaultfontfor
to render frame's title, but this may not be acceptable for all L&Fs. Two new methods,
setTitleBarFont() and getTitleBarFont(), support this variable.

Border m_frameBorder: new variable for frame's border. The previous version’s border was made from 
thefourresizableedgecomponentswhichwerecoloredhomogeneously.Inthisexampleweuseashared
Border instanceprovided by thecurrentL&F,and storeitin the m_frameBorder variable.Two new
methods,setBorder() and getBorder(), support this variable.

Icon m_frameIcon:this variable was formerly defined as an ImageIcon instance.This may notbe
acceptable forL&F implementationswhich provide a defaultframe icon asa differentinstance ofthe
Icon interface.So wenow declarem_frameIcon asan Icon,resulting in severalminormodifications
throughout the code.

W e have also removed two instance variables:m_BorderColor and m_selectedBorderColor.Their
corresponding set/getmethodshave also been removed.M ethod updateBorderColors() isleftwithout
implementation and can also be removed from the code.The reason forthis change is thatwe no longer
supportdirectrendering ofthe resize edge components(they are now non-opaque,see below),and instead
delegate this functionality to the m_frameBorder instance retrieved from the currently installed L&F.

Note:W e also no longersupportdifferentbordersforactive and inactive framessince notallL&Fsprovide two
Border instances for internal frames.

A significantamountofcodeneedsto beadded forlook-and-feelsupportin thiscomponent.Firstnotethata
static block placestwo valuesinto UIManager‘sresource defaultsstorage.These key/value pairsallow
retrievalofthefully-qualified InnerFrameUI classname,and thatofthecustom delegateofit'sinnerclass
title bar button component, InnerFrameButtonUI (for this we simply use BasicButtonUI):

  static {
    UIManager.getDefaults().put(
      "InnerFrameUI", "mdi.plaf.InnerFrameUI");
    UIManager.getDefaults().put("InnerFrameButtonUI",
      "javax.swing.plaf.basic.BasicButtonUI");
  }

Aswe'vediscussedinthepreviousexamples,forallprovidedSwingcomponentsthisinformation isprovided
by the concrete sub-classes of LookAndFeel class (added to the defaults table in the
initClassDefaults() m ethod).However,these implementations have no knowledge of our custom
component, so we must place it in the table ourselves.

Note:In thiscasewedo notneed to add acorrespondingjava.lang.Class instanceto to thedefaultstable,as
was necessary when implementing our own LookAndFeel (see 21.1.11).

The createUI() m ethod willbe called to create and return an instance of InnerFrame’s UIdelegate,
InnerFrameUI (see below). The setUI() m ethod installs a new InnerFrameUI instance, and the
getUI() m ethod retrieves the current delegate (both use the protected ui variable inherited from the
JComponent class).
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M ethod updateUI() will be called to notify the componentwhenever the currentL&F changes.Our
implementation requestsan instanceofInnerFrameUI from UIManager (using getUI()),which isthen
passed to setUI(). Then invalidate(). is called to mark this component for revalidation because the new 
L&F’s resources will most likely change the sizing and position of InnerFrame’s constituents.

ThegetUIClassID() m ethod returnsaunique String ID identifying thiscomponent’sbaseUIdelegate
name. This String must be consistent with the string used as the key for the fully qualified class name of this 
component’s delegate that was placed in UIManager’s resource defaults table (see above):

    public String getUIClassID() { return "InnerFrameUI"; }

Severalsimple setXX()/getXX() m ethodshavebeen added thatdo notrequireany explanation.Theonly
exception is setBorder(), which overrides the corresponding JComponent m ethod. The Border
parameterisstoredin ourm_frameBorder variable,to bepainted manuallyby InnerFrameUI,and wedo
notcallthe super class implementation.Thus,the borderis notused in the typicalway we are used to.
Specifically,itdoesnotdefineanyinsetsforInnerFrame.Instead,itisjustpainteddirectlyontopofit. W e
do this purposefully because we desire the border to be painted over each resize edge child.

To do this, we make the resize edge components NorthResizeEdge, SouthResizeEdge,
EastResizeEdge,and WestResizeEdge transparent,and preserveallfunctionality (changing themouse
cursor,resizing the frame,etc.).Thus,they form an invisible borderwhose width is synchronized (in the
setBorder() m ethod)with thewidth ofthe Border instancestored in ourm_frameBorder variable.As
you’ll see below in our InnerFrameUI class, this Border instance is drawn explicitly on the frame's surface. 
Figure 21.3 illustrates.In thisway we can preserve any decorative elements(usually 3D effectsspecific to
each L&F), and at the same time leave our child resize edge components directly below this border to intercept 
and process mouse events as normal.

Figure 21.3 Invisible resize edge com ponents around InnerFram e.

<<file figure21-3.gif>>

Note:The setBorder() method checks whether the componentis shown on the screen (ifisShowing()
returnstrue)before calling validate().Thisprecaution helpsavoid exceptions during creation ofthe
application.A similarcheckneedstobemadebeforeupdate(),repaint(),etc.,callsiftheycanpossibly
be invoked before InnerFrame is displayed on the screen.

M ethod updateTitleBarColors() has losthis importance,as the overridden methods in the title bar
provide the currentcolorinformation (so we don'thave to callsetXX() m ethodsexplicitly each time the
color palette is changed).

M ethod createTitleBar() createsand initializesthetitlebarforthisframe.The anonymousinnerclass
defining our m_titlePanel component receives a new getBackground() m ethod, which returns
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getSelectedTitleBarBackground() or getTitleBarBackground() depending on whether the
frame is selected or not. Take note of the following code, which may seem strange:

    public Color getBackground() {
      if (InnerFrame.this == null)
        return super.getBackground();
      if (isSelected())
        return getSelectedTitleBarBackground();
      else
        return getTitleBarBackground();
    }

Thereasonthatacheckagainstnull ismadehereisbecausethischild componentwillbecreated beforethe
creation ofthecorresponding InnerFrame instanceiscompleted.By doing thiswecan avoid any possible
NullPointerExceptions that would occur from calling parent class methods too early.

The m_titleLabel component is also now defined as an anonymous inner class. It overrides two
JComponent m ethods,getForeground() and getFont().Thesemethodsreturninstancevariablesfrom
theparentInnerFrame instance.Thuswecan avoid keeping track ofthefontand foreground ofthischild
component,as long as the corresponding instance variables are properly updated.Note thatwe check the
InnerFrame.this reference for null here as well.

Finally,methodswriteExternal() and readExternal() havebeen modified to reflectthe changesin
the instance variables we have discussed.

Class mdi.InnerFrame.InnerFrameButton

This inner class has received two minor changes.First,we override JComponent’s setBorder() and
getBorder() m ethods to hide the defaultimplementation and eliminate the possibility ofassigning any
bordertothesesmallcustom buttons(otherwiseeverytimetheL&F ischangedthestandard JButton border
will be set).

W e also override the getUIClassID() m ethod which returns a string ID representing this child
component’sUIdelegate.Referring back to the static block in theInnerFrame class,weseethatthisID
is associated with javax.swing.plaf.basic.BasicButtonUI class. Thus, we directly assign the
BasicButtonUI class as the delegate for this component instead of allowingthecurrentL&F totakecontrol.

Class mdi.InnerFrame.EastResizeEdge, W estResizeEdge, NorthResizeEdge, SouthResizeEdge

ThisEastResizeEdge innerclasshasreceived a few minorchanges.The opaque property isnow setto
false,and wedrop anycodeforthebackground colorsincethiscomponentisnow transparent.Second,the
WIDTH variableisinitiallysettotherightinsetoftheframe'sborder.Thisvariableisalsoaccessibleusingthe
new setWidth() m ethod,which was constructed primarily forsynchronizing the size ofthis component
with thewidth ofthe Border drawn around theframe(see InnerFrame’ssetBorder() m ethod above).
Each resize edge component is modified similarly.

Class mdi.plaf.InnerFrameUI

This class extends javax.swing.plaf.PanelUI and defines the custom UI delegate for our
InnerFrame component.The basic idea behind thisclassisto retrieve and reuse the rendering resources
definedbythecurrentL&F forJInternalFrame.Itisperfectlyreasonabletouseresources alreadydefined
in the LookAndFeel implementations forstandard Swing components.By doing so we can more easily
provide consistentviews ofcustom components underdifferentL&Fs,and reduce the amountofrequired
coding. However, if we cannot rely onpre-definedresourcesinaparticularLookAndFeel,weneedtodefine
our own custom resources. The next section will show how to deal with this situation (whichmightarisewhen
using third party L&Fs).
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Class variables:

InnerFrameUI frameUI: a shared instance of this class returned bycreateUI().

Color DEFAULT_TITLE_BAR_BG_COLOR:defaultbackgroundcolorforthetitlebarofaninactiveframe.

Color DEFAULT_SELECTED_TITLE_BAR_BG_COLOR:defaultbackground colorforthe title barofan
active frame.

Color DEFAULT_TITLE_BAR_FG_COLOR: default foreground color for the title bar of an inactive frame.

Color DEFAULT_SELECTED_TITLE_BAR_FG_COLOR:defaultforeground colorforthe title barofan
active frame.

Font DEFAULT_TITLE_BAR_FONT: default title bar font.

Border DEFAULT_INNER_FRAME_BORDER: default frame border.

Icon DEFAULT_FRAME_ICON: default frame icon.

Hashtable m_ownDefaults:a collection of resources stored in this UI delegate,and used when a
particular resource is not implemented in the current L&F.

Note:The resource variables listed above are defaultin the sense thatthey're used unless othervalues are set
explicitly using setXX() methods of InnerFrame (e.g. setTitleBarFont(),setBorder(), etc.).

The static block defined in this class creates and populates Hashtable m_ownDefaults.M ethod
createUI() creates the InnerFrameUI shared instance (if it is not created yet) and calls
installDefaults()to refreshitsattributeswithresourcesprovidedbythecurrentL&F.SeveralsetXX()
m ethods are then called to update the properties of the specified InnerFrame instance.

M ethodsinstallUI() and uninstallUI() simplydelegatetheircallsto thesuper-classimplementation.
They are included here because,in some cases,we may need to override these methods(aswe saw in the
previous section).

M ethod installDefaults() retrieves resources provided by the currentL&F by calling our custom
findDefaultResource() method, and stores them in the class variables. Remember that the keys for these 
resourcesare notdocumented,butcan easily be found in the Swing LookAndFeel implementation source
code."InternalFrame.inactiveTitleBackground" isused to retrieve the background for JInternalFrame’s
inactive title bar, "InternalFrame.icon" is used for the JInternalFrame's icon, etc.

The custom method findDefaultResource() takes a resource ID String and searches for it in
UIManager’sUIDefaults table.Ifthe resource isnotfound oran exception occurs,a resource stored in
ourm_ownDefaults collection under the same ID is used.

Thepaint() m ethodrendersagivencomponentusingagivengraphicalcontext.Aswe'vediscussedabove,
it explicitly paints the border around InnerFrame by calling the border’spaintBorder() method.

Severalremaining getXX() m ethodsallow simpleretrievalofthedefaultrendering resourcesdefined in this
class, and do not require explanation here.

Running the Code

Create several InnerFrames and JInternalFrames using the “File” menu.SelectdifferentL&Fsandnote
thatthe appearance of InnerFrame changes accordingly.Compare the appearance of InnerFrame to
JInternalFrame in each available L&F.Figures21.4,21.5,and 21.6 shows MdiContainer displaying
twoInnerFrames and two JInternalFrames in the M etal, W indows, and M otif L&Fs respectively.
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BugAlert!TheM otifL&F doesnotsupplyproperresourcesforJInternalFrame rendering.A quick look atthe
MotifLookAndFeel sourcecodeshowsthatno resourcesareplaced in thedefaultstablecorresponding to
JInternalFrame. This is why the appearance of InnerFrame is not at all consistent with
JInternalFrame under the M otif L&F. (This is actually more of a design flaw than a bug.) 

Note:TheselectionofJInternalFramesandInnerFramesisnotsynchronized.A singleinstanceofeachcan
beselected atanygiven time.Also notethatbecauseofknown flawsin JDesktopPane,InnerFrame (as
wellas JInternalFrame)willnotreceive resize events from it,which cripples maximize functionality.
Placing these componentsin an instance ofourMDIPane would fix this.However,we would then see null
pointer exceptions each time a JInternalFrame’s title bar is pressed.

21.5 L&F for custom components: part II - third party L&F support
The previous example demonstrated how to exploitexisting L&F to provide custom components with an
appearance consistent with the currently installed look-and-feel. But what if we want to support a custom L&F
which doesnotprovide any suitable resources? The mostdirectway,ofcourse,isto adjustthe code in the
L&F package.Thiscanbedoneifwehavedevelopedbothacustom componentand acustom L&F ourselves
(aswe did in 21.2 and 21.3).However,in the case ofa custom L&F supplied by a third party vendor,we
would need to provide all necessary resources inside our custom component’s UI delegate.

Thefollowingexampleshowshow toaddsupportforacustom L&F,namelyM alachite,to ourInnerFrame
component.(RecallthatMalachiteLF only providesrendering resourcesforthree typesofbuttonsand a
border.)W eintentionallywillnotmodify,oradd to,theoriginalM alachitepackage(acting asifitissupplied
by a third party vendor), and will include all necessary modifications to our component’s UI delegate itself.

Figure 21.7 InnerFram es in the M alachite L&F.

<<file figure21-7.gif>>

The Code: M diContainer2.java
see\Chapter21\4
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import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;

import mdi.*;

public class MdiContainer2 extends JFrame 
{
  public MdiContainer2() {
    super("Custom MDI: User Interface");
    getContentPane().setLayout(new FlowLayout());
    // Unchanged code from section 21.4
  }
  // Unchanged code from section 21.4

  public static void main(String argv[]) {
    try {
      LookAndFeel malachite = new Malachite.MalachiteLF();
      UIManager.LookAndFeelInfo info = 
        new UIManager.LookAndFeelInfo(malachite.getName(),
        malachite.getClass().getName());
      UIManager.installLookAndFeel(info);
      UIManager.setLookAndFeel(malachite);
    }
    catch (Exception ex) {
      ex.printStackTrace();
      System.err.println(ex.toString());
    }

    new MdiContainer2();
  }
}

The Code: InnerFram eUI.java
see\Chapter21\4\m di\plaf

package mdi.plaf;

import java.awt.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.plaf.*;

import mdi.*;

public class InnerFrameUI extends javax.swing.plaf.PanelUI 
{
  // Unchanged code from section 21.4

  public static ComponentUI createUI(JComponent c) {
    LookAndFeel currentLF = UIManager.getLookAndFeel();
    if (currentLF != null && currentLF.getID().equals("Malachite"))
      return mdi.plaf.Malachite.MalachiteInnerFrameUI.createUI(c);

// Remaining code unchanged from section 21.4
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The Code: M alachiteInnerFram eUI.java
see\Chapter21\4\m di\plaf\M alachite

package mdi.plaf.Malachite;

import java.awt.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.plaf.*;

import mdi.*;
import Malachite.*;

public class MalachiteInnerFrameUI extends mdi.plaf.InnerFrameUI
{
  private static MalachiteInnerFrameUI frameUI;

  public static ComponentUI createUI(JComponent c) {
    if(frameUI == null)
      frameUI = new MalachiteInnerFrameUI();
    try {
      frameUI.installDefaults();

      InnerFrame frame = (InnerFrame)c;
     frame.setTitleBarBackground(DEFAULT_TITLE_BAR_BG_COLOR);
      frame.setSelectedTitleBarBackground(
        DEFAULT_SELECTED_TITLE_BAR_BG_COLOR);
      frame.setTitleBarForeground(DEFAULT_TITLE_BAR_FG_COLOR);
      frame.setSelectedTitleBarForeground(
        DEFAULT_SELECTED_TITLE_BAR_FG_COLOR);
      frame.setTitleBarFont(DEFAULT_TITLE_BAR_FONT);
      frame.setBorder(DEFAULT_INNER_FRAME_BORDER);
      frame.setFrameIcon(DEFAULT_FRAME_ICON);
      if (frame.isShowing())
        frame.repaint();
    }
    catch (Exception ex) {
      System.err.println(ex);
      ex.printStackTrace();
    }

    return frameUI;
  }

  protected void installDefaults() {
    DEFAULT_TITLE_BAR_BG_COLOR = new ColorUIResource(108,190,116);
    DEFAULT_TITLE_BAR_FG_COLOR = new ColorUIResource(Color.gray);
    DEFAULT_SELECTED_TITLE_BAR_BG_COLOR = 
      new ColorUIResource(0,128,0);
    DEFAULT_SELECTED_TITLE_BAR_FG_COLOR = 
      new ColorUIResource(Color.white);
    DEFAULT_TITLE_BAR_FONT = new FontUIResource(
      "Dialog", Font.BOLD, 12);
    Border fb1 = new MalachiteBorder();
    Border fb2 = new MatteBorder(4, 4, 4, 4, new ImageIcon(
      "mdi/plaf/Malachite/body.gif"));
    DEFAULT_INNER_FRAME_BORDER = new BorderUIResource(
      new CompoundBorder(fb1, fb2));
    DEFAULT_FRAME_ICON = new IconUIResource(new ImageIcon(
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      "mdi/plaf/Malachite/icon.gif"));
  }
}

Understanding the Code

Class M diContainer2

This container class is similar to that in the previous example, but now the M alachite L&F is installed just as it
was in the examples of sections 21.2 and 21.3.

Class mdi.plaf.InnerFrameUI

M ethod createUI(),whichisresponsibleforcreationofthisInnerFrame UIdelegate,hasbeenmodified
to check the ID of the current L&F. If it matches "M alachite", createUI() is invoked in the new
mdi.plaf.Malachite.MalachiteInnerFrameUI class. 

Class mdi.plaf.M alachite.M alachiteInnerFrameUI

This new class, a sub-class of InnerFrameUI, provides InnerFrame with support for our custom
M alachiteL&F.Notethatitisdefined in aseparatepackage,which isrecommended fororganized supportof
various different L&Fs.

Since this class extends mdi.plaf.InnerFrameUI, only two methods need to be overridden. The
createUI() m ethodnow createsaninstanceofMalachiteInnerFrameUI asashared instance,andcalls
installDefaults() on thatinstance.Itthen assignsthe classvariablesinherited from InnerFrameUI
usingrenderingresourcesappropriatefortheM alachiteL&F.Particularlythebackgroundcolorsform agreen
palette,and the frame'sborderisbuiltasa CompoundBorder consisting ofa MalachiteBorder (on the
outside) and a MatteBorder drawn using a small green dashed image (on the inside).

Running the Code

CreateseveralInnerFrames using the"File"menu,and notethattheirappearance isin factconsistentwith
the M alachite L&F. Figure 21.7 illustrates.

Part IV - Special Topics
In the following six chapters we coverseveraldifferenttopics which relate directly to the use ofSwing.
Chapter22 discussesthepowerfulnew Java2 printing API.W econstructexamplesshowing how to printan
image on multiple pages,constructa printpreview component,printstyled text,and printJTable data (in
bothportraitandlandscapemodes).Chapter23introducesafew Java2D features.Examplesincludeageneric
2D chartclass,a2D labelclass,and thebeginningsofaPac-man game.Chapter24 introducesAccessibility
and showshow easy itisto integratethisfunctionality into existing apps.Chapter25 coversthebasicsofthe
JavaHelp API,and includesexamplesshowing how we can customize the Swing-based help viewerto our
liking.Chapter26 introducesCORBA and containsan exampleofaclient-server,Swing-based app based on
our StocksTable example from chapter 18. Chapter 27 consists of two examples contributed by
experienced Swing developers:constructing custom multi-line labels and tooltips and an internetbrowser
application. Unfortunately, due to space limitations, chapters 24-27 were not included inthisedition.However,
they remain freely available to all readers on the book’s web site.
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Chapter 22. Printing
In this chapter:

• Java 2 Printing API overview

• Printing images

• Print preview

• Printing styled text

• Printing tables

22.1 Java 2 Printing API overview
W ith Java 2 comes a considerably advanced printing API. Java veterans may recall that JDK 1.0 didn't provide 
printing capabilitiesatall.JDK 1.1 provided accessto native printjobs,butmulti-page printing wasa real
problem for that API. 

Now Java developersare able to perform multi-page printing using page countselection and othertypical
specificationsin thenativePrintdialog,aswellaspageformatselection in thenativeplatform -specificPage
Setup dialog.Theprinting-related APIisconcentrated in the java.awt.print package,and we'llstartthis
chapter with an overview of these classes and interfaces. 

Note: At this point the underlying communication withthenativeprintingsystem isnotyetmatured.Youwillnotice
that some of the examples in this chapter run extremely slow, especially when dealing with Images.W eexpect
thesedeficienciestodecrease,andthematerialpresentedhereshouldbeequallyapplicableinfuturereleasesof
Java.

22.1.1 PrinterJob

class java.awt.print.PrinterJob

Thisisthe main classwhich controls printing in Java 2.Itisused to store printjob properties,to initiate
printingwhennecessary,andtocontrolthedisplayofPrintdialogs.A typicalprintingprocessisshown in the
following code:

    PrinterJob prnJob = PrinterJob.getPrinterJob();
    prnJob.setPrintable(myPrintable);
    if (!prnJob.printDialog())
      return;
    prnJob.print();

This code retrieves an instance of PrinterJob with the static getPrinterJob() m ethod,passes a
Printable instance to it(used to render a specific page on demand--see below),invokes a platform -
dependent Print dialog by calling PrinterJob’sprintDialog() method, and, if this method returns true
(indicating the “ok” to print),starts the actualprinting process by calling the print() m ethod on that
PrinterJob.

The Printdialog willlook familiar,asitisthe typicaldialog used by mostotherapplicationson the user’s
system. For example, figure 22.1 shows a W indows NT Print dialog:
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Figure 22.1 W indow s NT Print dialog: about to print a pageable job .

<<file figure22-1.gif>>

Though the PrinterJob is the most important constituent of the printing process, it can do nothing without a 
Printable instance that specifies how to actually perform the necessary rendering for each page.

22.1.2 The Printable interface

abstract interface java.awt.print.Printable

This interface defines only one method: print(), which takes three parameters:

Graphics graphics: the graphical context into which the page will be drawn.

PageFormat pageFormat:an objectcontaining information aboutthe size and orientation ofthe page
being drawn (see below).

int pageIndex: the zero based index of the page to be drawn.

The print() m ethod will be called to print a portion of the PrinterJob corresponding to a given
pageIndex.An implementation ofthismethod should perform rendering ofaspecified page,using agiven
graphicalcontextand agiven PageFormat.Thereturn valuefrom thismethod should be PAGE_EXISTS if
thepageisrendered successfully,orNO_SUCH_PAGE ifthegiven pageindex istoo largeand doesnotexist.
(These are static ints defined in Printable.)

Note:wenevercallaPrintable’sprint() method ourselves.Thisishandled deep insidetheactualplatform-
specificPrinterJob implementation which we aren’t concerned with here.

A classthatimplementsPrintable issaid to bea pagepainter.W hen aPrinterJob usesonly onepage
paintertoprinteachpageitisreferredtoasa printablejob.Thenotionofadocumentasbeing separated into
acertainnumberofpagesisnotpredefinedinaprintablejob.In orderto printaspecificpage,aprintablejob
willactually renderallpagesleading up to thatpage first,and then itwillprintthe specified page.Thisis
becauseitdoesnotmaintain information abouthow much spaceeach pagewilloccupy when rendered with
the given page painter. For example, if we specify, in our Print dialog, that we want to print pages 3 and 5 only,
thenpages0 through 4 (becausepagesare 0-indexed)willberendered with the print() m ethod,butonly 2
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and 4 will actually be printed.

W arning:Sincethesystem onlyknowshow manypagesaprintablejobwillspanaftertherenderingofthecomplete
documenttakesplace(i.e.afterpaint() hasbeencalled),Printdialogswillnotdisplaythecorrectnumberof
pagesto be printed.Thisisbecause there is no pre-printcommunication between a PrinterJob and the
system thatdetermineshow much space the printable job requires.Forthisreason you willoften see a range
such as1 to 9999 in Printdialogswhen printing printable jobs.(Thisisnotthe case forpageable jobs--see
below.)

In reality,itisoften thecasethatprint() willbecalled foreach pagemorethan once.From adraftofan
overview oftheJavaPrintingAPI:“This*callback*printingmodelisnecessarytosupportprintingonawide
range ofprinters and systems...This modelalso enables printing to a bitmap printerfrom a computerthat
doesn't haveenoughmemoryordiskspacetobufferafull-pagebitmap.Inthissituation,apageisprintedasa
seriesofsmallbitmapsor*bands*.Forexample,ifonly enough memory to bufferone tenth ofa page is
available,thepageisdivided into ten bands.Theprinting system askstheapplication to rendereach pageten
times,onceto filleach band.Theapplication doesnotneed to beawareofthenumberorsizeofthebands;it
simply must be able to render each page when requested.” -- http://java.sun.com/printing/jdk1.2/index.html

Though this explains some of the performance problems that we will see in the coming examples, it seems that 
the modeldescribed above is notexactly whatwe are dealing with in Java 2 FCS.In fact,after some
investigation♣,itturnsoutthatthe divisionintobandsisnotbasedonavailablememory.Rather,ahard-coded
512k bufferisused.By increasing thesizeofthisbuffer,itisfeasibleto increaseperformancesignificantly.
However, this would involve modification of peer-level classes; something that we are certainly not
encouraged to do. W e hope to see this limitation accounted for in future releases.

22.1.3 The Pageable interface

abstract interface java.awt.print.Pageable

Itispossibleto supportmultiplepagepaintersin asingle PrinterJob.Asweknow,each pageprintercan
correspond to a different scheme of printing because each Printable implements its own print() method. 
Implemenatations of the Pageable interfacearedesignedtomanagegroupsofpagepainters,anda printjob
that uses multiple page painters is referred to as a pageable job.Each page in a pageable job can use a
different page printer and PageFormat (see below) to perform its rendering.

Unlike printable jobs,pageable jobs do maintain the predefined notion ofa documentasa setofseparate
pages.Forthisreason pagesofapageablejob can beprinted in any orderwithoutthenecessity ofrendering
all pages leading up to a specific page (as isthecasewithprintablejobs).Also,becausea Pageable instance
carries with it an explicit page count,this can be communicated to the native printing system when a
PrinterJob isestablished.So when printing a pageable job the native Printdialog willknow the correct
range of pages to display, unlike a printable job. (Note thatthisdoesnotmeanpageablejobsarenotsubjectto
the inherentlimitationsdescribed above;we willsee the same repetitive calling of print() thatwe do in
printable jobs.)

W hen constructing apageable PrinterJob,instead ofcalling PrinterJob’ssetPrintable() m ethod
(see section 22.1.1 above),we callits setPageable() m ethod.Figure 22.1 shows a W indows NT Print
dialog about to print a pageable job. Notice that the range of pages is not 1 to 9999.

W ewon’tbeworking with pageablejobsin this chapterbecauseallthedocumentswewillbeprinting only
require one Printable implementation,even ifdocuments can span multiple pages.In mostreal-world
applications, each page of a document is printed with identical orientation, margins, and other sizing

♣ Thanks to John Sullivan of W ebScope, Inc. for his valuable detective work.
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characterstics.However,ifgreaterflexibilityisdesired,Pageable implementationssuchasBook (seebelow)
can be useful.

22.1.4 The PrinterGraphics interface

abstract interface java.awt.print.PrinterGraphics

This interface defines only one method: getPrinterJob(),which retrieves the PrinterJob instance
controlling the current printing process. It is implemented by Graphics objects that are passed to
Printable objectsto renderapage.(W ewillnotneed to usethisinterfaceatall,asitisused deep inside
PrinterJob instancesto define Graphics objectspassed to each Printable’spaint() m ethod during
printing.)

22.1.5 PageFormat

class java.awt.print.PageFormat

Thisclassencapsulatesa Paper objectand addsto itan orientation property (landscapeorportrait).W ecan
force a Printable to use a specific PageFormat by passing one to PrinterJob’s overloaded
setPrintable() m ethod. For instance, the following would force a printable job to use a specific
PageFormat with a landscape orientation:

    PrinterJob prnJob = PrinterJob.getPrinterJob();
    PageFormat pf = job.defaultPage();
    pf.setOrientation(PageFormat.LANDSCAPE);
    prnJob.setPrintable(myPrintable, pf);
    if (!prnJob.printDialog())
      return;
    prnJob.print();

PageFormat defines three orientations:

LANDSCAPE:The origin isatthe bottom left-hand cornerofthe paperwith x axispointing up and y axis
pointing to the right.

PORTRAIT (mostcommon):Theoriginisatthetopleft-handcornerofthepaperwithxaxispointingtothe
right and y axis pointing down.

REVERSE_LANDSCAPE:Theorigin isatthetop right-hand cornerofthepaperwith x axispointing down
andy axis pointing to the left.

W e can optionally display a page setup dialog in which the usercan specify page characteristics such as
orientation,papersize,margin size,etc.Thisdialog willreturn a new PageFormat to use in printing.The
pagesetupdialogismeanttobepresented beforethePrintdialog and can bedisplayed using PrinterJob’s
pageDialog() m ethod. The following code brings up a page setup dialog, and uses the resulting
PageFormat for printing a printable job:

    PrinterJob prnJob = PrinterJob.getPrinterJob();
    PageFormat pf = job.pageDialog(job.defaultPage());
    prnJob.setPrintable(myPrintable, pf);
    if (!prnJob.printDialog())
      return;
    prnJob.print();

Note thatwe need to passthe pageDialog() m ethod a PageFormat instance,asitusesitto clone and
modify as the user specifies. If the changes are accepted the cloned and modifed version is returned. If they are 
not, the original version passed in is returned. Figure 22.2 shows a W indows NT page setup dialog:
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Figure 22.2 W indow s NT page setup dialog .

<<file figure22-2.gif>>

22.1.6 Paper

class java.awt.print.Paper

This class holds the size and margins of the paper used for printing.M ethods getImageableX() and
getImageableY() retrievethecoordinatesofthetop-leftcorneroftheprintableareain 1/72ndsofan inch
(which is approximately equal to one screen pixel--referred to as a "point" in typography). M ethods
getImageableWidth() and getImageableHeight() retrievethewidthandheightoftheprintablearea
(also in 1/72nds of an inch).W e can also change the size of the useable region of the paper using its
setImageableArea() method.

W e can accessthe Paper objectassociated with a PageFormat using PageFormat’sgetPaper() and
setPaper() methods.

22.1.7 Book

class java.awt.print.Book

Thisclassrepresentsacollection ofPrintable instanceswith corresponding PageFormats to representa
complex documentwhose pages may have differentformats.The Book class implements the Pageable
interface,and PrintablesareaddedtoaBook usingoneofitsappend() m ethods.Thisclassalso defines
severalmethodsallowingforthemanipulationandreplacementofspecificpages.(A pageintermsofa Book
isaPrintable-PageFormat pair.Each pagedoescorrespond to an actualprinted page.)SeetheAPIdocs
and the Java Tutorial for more information about this class.
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22.1.8 PrinterException

class java.awt.print.PrinterException

This exception may be thrown to indicate an error during a printing procedure. It has two concrete sub-classes:
PrinterAbortException and PrinterIOException. The former indicates that a print job was
terminated by the application or user while printing,and the latter indicates that there was a problem
outputting to the printer.

Reference:Formoreinformation abouttheprinting APIand featuresthatareexpected to beimplemented in future
versions, refer to the Java tutorial.

22.2 Printing images
In thissection we add printing capabilitiesto the JPEGEditor application introduced in chapter13.This
example willform a solid basisforthe subsequentprinting examples.Here we show how to implementthe
Printable interfaceto constructacustom panelwith a print() m ethod thatcan manage the printing of
large images by splitting them up into a matrix of pages.

Figure 22.3 Running JPEGEditor exam ple displaying native Print dialog.

<<figure22-3.gif>>

The Code: JPEGEditor.java
see\Chapter22\1

import java.awt.*;
import java.awt.event.*;
import java.awt.image.*;
import java.util.*;
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import java.io.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.filechooser.*;

import com.sun.image.codec.jpeg.*;

import java.awt.print.*;

// Unchanged code from section 13.4

public class JPEGEditor extends JFrame 
{
  // Unchanged code from section 13.4

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 13.4

    mItem = new JMenuItem("Print...");
    mItem.setMnemonic('p');
    ActionListener lstPrint = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() { 
            if (m_panel.getBufferedImage() != null)
              printData();
          }
        };
        runner.start();
      }
    };
    mItem.addActionListener(lstPrint);
    mFile.add(mItem);
    mFile.addSeparator();

    mItem = new JMenuItem("Exit");
    mItem.setMnemonic('x');
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        System.exit(0);
      }
    };
    mItem.addActionListener(lst);
    mFile.add(mItem);
    menuBar.add(mFile);
    return menuBar;
  }

  // Unchanged code from section 13.4

  public void printData() {
    getJMenuBar().repaint();
    try {
      PrinterJob prnJob = PrinterJob.getPrinterJob();
      prnJob.setPrintable(m_panel);
      if (!prnJob.printDialog())
        return;
      setCursor( Cursor.getPredefinedCursor(
        Cursor.WAIT_CURSOR));
      prnJob.print();
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      setCursor( Cursor.getPredefinedCursor(
        Cursor.DEFAULT_CURSOR));
      JOptionPane.showMessageDialog(this, 
        "Printing completed successfully", "JPEGEditor2",
        JOptionPane.INFORMATION_MESSAGE);
    }
    catch (PrinterException e) {
      e.printStackTrace();
      System.err.println("Printing error: "+e.toString());
    }
  }

  public static void main(String argv[]) {
    new JPEGEditor();
  }
}

class JPEGPanel extends JPanel implements Printable
{
  protected BufferedImage m_bi = null;

  public int m_maxNumPage = 1;

  // Unchanged code from section 13.4

  public int print(Graphics pg, PageFormat pageFormat,
   int pageIndex) throws PrinterException {
    if (pageIndex >= m_maxNumPage || m_bi == null)
      return NO_SUCH_PAGE;

    pg.translate((int)pageFormat.getImageableX(), 
      (int)pageFormat.getImageableY());
    int wPage = (int)pageFormat.getImageableWidth();
    int hPage = (int)pageFormat.getImageableHeight();

    int w = m_bi.getWidth(this);
    int h = m_bi.getHeight(this);
    if (w == 0 || h == 0)
      return NO_SUCH_PAGE;
    int nCol = Math.max((int)Math.ceil((double)w/wPage), 1);
      int nRow = Math.max((int)Math.ceil((double)h/hPage), 1);
    m_maxNumPage = nCol*nRow;

    int iCol = pageIndex % nCol;
    int iRow = pageIndex / nCol;
    int x = iCol*wPage;
    int y = iRow*hPage;
    int wImage = Math.min(wPage, w-x);
    int hImage = Math.min(hPage, h-y);

    pg.drawImage(m_bi, 0, 0, wImage, hImage, 
      x, y, x+wImage, y+hImage, this);
    System.gc();

    return PAGE_EXISTS;
  }
}

Understanding the Code
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Class JPEGEditor

Thejava.awt.print package is imported to provide printing capabilities. A new menu item titled "Print..."
hasbeen added to the"File"menu ofthisapplication.Ifthisitem isselected and an imagehasbeen loaded,
our new custom printData()m ethod is called.

The printData() m ethod retrievesa PrinterJob instance and passes itour m_panel component(an
instance ofJPEGPanel --which now implementsthe Printable interface,see below).Itthen invokesa
native Printdialog and initializes printing by calling print().If no exception was thrown,a "Printing
completed successfully" message is displayed when printing completes.Otherwise the exception trace is
printed.

Class JPEGPanel

Thisclass,whichwasoriginallydesignedtojustdisplayanimage,now implementsthe Printable interface
and isableto printaportion ofitsdisplayed imageupon request.A new instancevariable,m_maxNumPage,
holdsa maximum page numberavailable forthisprinting.Thisnumberissetinitially to one and itsactual
value is calculated in the print() method (see below).

The print() m ethod printsa portion ofthe currentimage corresponding to the given page index.Ifthe
current image is larger than a single page, it will be split into several pageswhicharearrangedasseveralrows
and columns (a matrix). W hen printed they can be placed in this arrangement to form one big printout.

Firstthis method shifts the origin of the graphics contextto take into accountthe page's margins,and
calculates the width and height of the area available for drawing: wPage and hPage.

        pg.translate((int)pageFormat.getImageableX(), 
        (int)pageFormat.getImageableY());

        int wPage = (int)pageFormat.getImageableWidth();
        int hPage = (int)pageFormat.getImageableHeight();

Local variables w and h represent the width and height of the whole BufferedImage to be printed. (If any of 
these happens to be 0 we return NO_SUCH_PAGE.) Comparing these dimensions with the width and height of a 
singlepage,wecan calculatethenumberofcolumns(notlessthan 1)and rows(notlessthan 1)in which the
original image should be split to fit to the page's size:

        int nCol = Math.max((int)Math.ceil((double)w/wPage), 1);
        int nRow = Math.max((int)Math.ceil((double)h/hPage), 1);
        m_maxNumPage = nCol*nRow;

The product of rows and columns gives us the number of pages in the print job, m_maxNumPage.

Now,becauseweknow theindex ofthecurrentpageto beprinted (itwaspassed asparameter pageIndex)
we can determine the currentcolumn and row indices(note thatenumeration ismade from leftto rightand
then from top to bottom), iCol and iRow:

        int iCol = pageIndex % nCol;
        int iRow = pageIndex / nCol;
        int x = iCol*wPage;
        int y = iRow*hPage;
        int wImage = Math.min(wPage, w-x);
        int hImage = Math.min(hPage, h-y);

W ealso can calculatethecoordinatesofthetop-leftcorneroftheportion oftheimageto beprinted on this
page (x and y), and the width and height of this region (wImage and hImage). Note that in the lastcolumnor
row ofourimagematrix,thewidthand/orheightofaportioncanbelessthenthemaximum values(whichwe
calculated above--wPage and hPage).
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Now wehaveeverything ready to actually printaregion oftheimageto thespecified graphicscontext.W e
now need to extractthisregion and draw itat(0, 0),asthiswillbetheorigin (upper-lefthand corner)ofour
printed page. The Graphics drawImage() method does the job. It takes ten parameters: an Image instance, 
fourcoordinatesofthedestination area(top-leftand bottom -right--notwidth and height),fourcoordinatesof
the source area, and an ImageObserver instance.

        pg.drawImage(m_bi, 0, 0, wImage, hImage, 
            x, y, x+wImage, y+hImage, this);
        System.gc();

Note:Becausetheprint() methodmaybecalledmanytimesforthesamepage(seebelow),itmakesgoodsense
to explicitly invoke the garbage collector in this method. Otherwise we may run out of memory.

Running the Code

Figure22.2 showsaPageSetup dialog broughtup by ourprogram when run on aW indowsNT platform.Be
awarethattheprintjob could takeup to 15 minutesto print(and thisassumesyou don’trun outofmemory
first)!

Aswementioned in thebeginning ofthischapter,theJava2 printing environmentisnotyetfullymatured.It
doesn'twork with allprintersasexpected,so writing and debugging printing applicationsmay bedifficultin
manycases(aprintpreview capabilityisgreathelp,aswewillseeinthenextsection).Alsonotethatbecause
we are using a printable job and nota pageable job,the page range isdisplayed as1 to 9999 (see section
22.1.2--this may differ depending on your platform).

Themostannoying thing with Java2 printing isthatisterribly slow.Thisismainly becausewearedealing
with an Image (BufferedImage isasubclass ofImage).Imagesand printing clash severely.Aswewill
see in later examples, printing is much faster when Images are not involved. 

Thesizeofarelatively simpleprintjob spooled to theprintermay beunreasonably large.ThismakesJava2
printing applications hardly comparable with native applications (at least at the time of this writing). Be sure to 
have plenty of memory, time, and patience when running this example. Or, alternatively, wait for the next Java 
2 release.

Note:Itisrecommended thattheDoubleBuffered property ofcomponentsbe setto false during printing if
theprint() methoddirectlycallsacomponent’spaint() method.Notethatitisonlysafetocallpaint()
from theprint() method ifwe are sure thatprint() isexecuting in theAW T eventdispatching thread.
Referback to chapter2 forhow to shutoffdouble-buffering,and how to check if amethod isrunning within
the AW T event-dispatching thread.

22.3 Print preview
Print preview functionality has became a standard service provided by most modernprint-enabledapplications.
Itonly makessenseto includethisservicein Java2 applications.Theexamplein thissection showshow to
construct a print preview component.

Note:Anadditionalreasonfor Javadeveloperstoaddprintpreview totheirprogramsisthatthisservicecanbevery
usefulfordebugging printcode.Slow performance ofthe Java printing APIcan make debugging impractical
using an actual printer.

Theprintpreview componentdisplayssmallimagesoftheprinted pagesasthey would appearafterprinting.



56

A GUIattached to thepreview componenttypically allowsforchanging thescaleofthepreview imagesand
invoking a print.The following example demonstratessuch a componentwhich can be easily added to any
print-aware Swing application.

Figure 22.4 Print preview  show ing a 1200x1500 im age split into 9 parts.

<<figure22-4.gif>>

The Code: JPEGEditor.java
see\Chapter22\2

public class JPEGEditor extends JFrame 
{
  // Unchanged code from section 22.2

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 22.2

    mItem = new JMenuItem("Print Preview");
    mItem.setMnemonic('v');
    ActionListener lstPreview = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
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   Thread runner = new Thread() {
          public void run() {
            setCursor(Cursor.getPredefinedCursor(
              Cursor.WAIT_CURSOR));
            if (m_panel.getBufferedImage() != null)
              new PrintPreview(m_panel, 

  m_currentFile.getName()+" preview");
            setCursor(Cursor.getPredefinedCursor(
            Cursor.DEFAULT_CURSOR));

          }
        };
        runner.start();
      }
    };
    mItem.addActionListener(lstPreview);
    mFile.add(mItem);

 mFile.addSeparator();

// The rest of the code is unchanged from section 22.2

The Code: PrintPreview.java
see\Chapter22\2

import java.awt.*;
import java.awt.event.*;
import java.awt.image.*;
import java.util.*;
import java.awt.print.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;

public class PrintPreview extends JFrame 
{
  protected int m_wPage;
  protected int m_hPage;
  protected Printable m_target;
  protected JComboBox m_cbScale;
  protected PreviewContainer m_preview;

  public PrintPreview(Printable target) {
    this(target, "Print Preview");
  }

  public PrintPreview(Printable target, String title) {
    super(title);
    setSize(600, 400);
    m_target = target;

    JToolBar tb = new JToolBar();
    JButton bt = new JButton("Print", new ImageIcon("print.gif"));
    ActionListener lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        try {
          // Use default printer, no dialog
          PrinterJob prnJob = PrinterJob.getPrinterJob();
          prnJob.setPrintable(m_target);
          setCursor( Cursor.getPredefinedCursor(
            Cursor.WAIT_CURSOR));
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          prnJob.print();
          setCursor( Cursor.getPredefinedCursor(
            Cursor.DEFAULT_CURSOR));
        dispose();

        }
        catch (PrinterException ex) {
          ex.printStackTrace();
          System.err.println("Printing error: "+ex.toString());
        }
      }
    };
    bt.addActionListener(lst);
    bt.setAlignmentY(0.5f);
    bt.setMargin(new Insets(4,6,4,6));
    tb.add(bt);

    bt = new JButton("Close");
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        dispose();
      }
    };
    bt.addActionListener(lst);
    bt.setAlignmentY(0.5f);
    bt.setMargin(new Insets(2,6,2,6));
    tb.add(bt);

    String[] scales = { "10 %", "25 %", "50 %", "100 %" };
    m_cbScale = new JComboBox(scales);
    lst = new ActionListener() { 
      public void actionPerformed(ActionEvent e) { 
        Thread runner = new Thread() {
          public void run() {
            String str = m_cbScale.getSelectedItem().
              toString();
            if (str.endsWith("%"))
              str = str.substring(0, str.length()-1);
            str = str.trim();

           int scale = 0;
            try { scale = Integer.parseInt(str); }
            catch (NumberFormatException ex) { return; }
            int w = (int)(m_wPage*scale/100);
            int h = (int)(m_hPage*scale/100);

            Component[] comps = m_preview.getComponents();
            for (int k=0; k<comps.length; k++) {
              if (!(comps[k] instanceof PagePreview))
                continue;
              PagePreview pp = (PagePreview)comps[k];
                pp.setScaledSize(w, h);

         }
            m_preview.doLayout();
            m_preview.getParent().getParent().validate();
          }
        };
        runner.start();
      }
    };
    m_cbScale.addActionListener(lst);
    m_cbScale.setMaximumSize(m_cbScale.getPreferredSize());
    m_cbScale.setEditable(true);
    tb.addSeparator();
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    tb.add(m_cbScale);
    getContentPane().add(tb, BorderLayout.NORTH);

    m_preview = new PreviewContainer();

    PrinterJob prnJob = PrinterJob.getPrinterJob();
    PageFormat pageFormat = prnJob.defaultPage();
    if (pageFormat.getHeight()==0 || pageFormat.getWidth()==0) {
      System.err.println("Unable to determine default page size");
        return;
    }
    m_wPage = (int)(pageFormat.getWidth());
    m_hPage = (int)(pageFormat.getHeight());
    int scale = 10;
    int w = (int)(m_wPage*scale/100);
    int h = (int)(m_hPage*scale/100);

    int pageIndex = 0;
    try {
      while (true) {
        BufferedImage img = new BufferedImage(m_wPage, 
          m_hPage, BufferedImage.TYPE_INT_RGB);
        Graphics g = img.getGraphics();
        g.setColor(Color.white);
        g.fillRect(0, 0, m_wPage, m_hPage);
        if (target.print(g, pageFormat, pageIndex) != 
         Printable.PAGE_EXISTS)
          break;
        PagePreview pp = new PagePreview(w, h, img);
        m_preview.add(pp);
        pageIndex++;
      }
    }
    catch (PrinterException e) {
      e.printStackTrace();
      System.err.println("Printing error: "+e.toString());
    }

    JScrollPane ps = new JScrollPane(m_preview);
    getContentPane().add(ps, BorderLayout.CENTER);

    setDefaultCloseOperation(DISPOSE_ON_CLOSE);
    setVisible(true);
  }

  class PreviewContainer extends JPanel
  {
    protected int H_GAP = 16;
    protected int V_GAP = 10;

    public Dimension getPreferredSize() {
      int n = getComponentCount();
      if (n == 0)
        return new Dimension(H_GAP, V_GAP);
      Component comp = getComponent(0);
      Dimension dc = comp.getPreferredSize();
      int w = dc.width;
      int h = dc.height;

      Dimension dp = getParent().getSize();
      int nCol = Math.max((dp.width-H_GAP)/(w+H_GAP), 1);
      int nRow = n/nCol;
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      if (nRow*nCol < n)
        nRow++;

      int ww = nCol*(w+H_GAP) + H_GAP;
      int hh = nRow*(h+V_GAP) + V_GAP;
      Insets ins = getInsets();
      return new Dimension(ww+ins.left+ins.right, 
        hh+ins.top+ins.bottom);
    }

    public Dimension getMaximumSize() {
      return getPreferredSize();
    }

    public Dimension getMinimumSize() {
      return getPreferredSize();
    }

    public void doLayout() {
      Insets ins = getInsets();
      int x = ins.left + H_GAP;
      int y = ins.top + V_GAP;

      int n = getComponentCount();
      if (n == 0)
        return;
      Component comp = getComponent(0);
      Dimension dc = comp.getPreferredSize();
      int w = dc.width;
      int h = dc.height;

      Dimension dp = getParent().getSize();
      int nCol = Math.max((dp.width-H_GAP)/(w+H_GAP), 1);
      int nRow = n/nCol;
      if (nRow*nCol < n)
        nRow++;

      int index = 0;
      for (int k = 0; k<nRow; k++) {
        for (int m = 0; m<nCol; m++) {
          if (index >= n)
            return;
          comp = getComponent(index++);
          comp.setBounds(x, y, w, h);

      x += w+H_GAP;
        }
        y += h+V_GAP;
        x = ins.left + H_GAP;
      }
    }
  }

  class PagePreview extends JPanel
  {
    protected int m_w;
    protected int m_h;
    protected Image m_source;
    protected Image m_img;

    public PagePreview(int w, int h, Image source) {
      m_w = w;
      m_h = h;
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      m_source= source;
      m_img = m_source.getScaledInstance(m_w, m_h, 
        Image.SCALE_SMOOTH);
      m_img.flush();
      setBackground(Color.white);
      setBorder(new MatteBorder(1, 1, 2, 2, Color.black));
    }

    public void setScaledSize(int w, int h) {
      m_w = w;
      m_h = h;
      m_img = m_source.getScaledInstance(m_w, m_h, 
        Image.SCALE_SMOOTH);
      repaint();
    }

    public Dimension getPreferredSize() {
      Insets ins = getInsets();
      return new Dimension(m_w+ins.left+ins.right, 
        m_h+ins.top+ins.bottom);
    }

    public Dimension getMaximumSize() {
      return getPreferredSize();
    }

    public Dimension getMinimumSize() {
  return getPreferredSize();

    }

    public void paint(Graphics g) {
      g.setColor(getBackground());
      g.fillRect(0, 0, getWidth(), getHeight());
      g.drawImage(m_img, 0, 0, this);
      paintBorder(g);
    }
  }
}

Understanding the Code

Class JPEGEditor

Compared to the previous example this class has only one difference:itcreates a menu item titled “Print
Preview.” W hen selected,thisitem createsan instanceofthe PrintPreview class(seebelow).Thisclass’s
constructortakestwo parameters:areferenceto a Printable instanceand atextstring fortheframe'stitle.
Aswe have seen in the previousexample,our m_panel componentimplementsthe Printable interface
and providestheactualprinting functionality,so weuseitto createthe PrintPreview instance.Notethat
thiscalliswrappedinathreadbecause,when used with largeimages,creation ofa PrintPreview instance
can take a significant amount of time.

Note:Asyou can see,we only need to have a reference to an instance ofthePrintable interface to create a
PrintPreview component.Thus,thiscomponentcan be added to any print-aware application with only a
couple lines of code. W e will use it in the remaining examples as well, because it is such a simple feature toadd.

Class PrintPreview

ThisclassrepresentsaJFrame-basedcomponentwhichiscapableofdisplayingtheresultsofprintingbefore
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actual printing occurs. Several instance variables are used:

Printable m_target: an object whose printout will be previewed.

int m_wPage: width of the default printing page.

int m_hPage: height of the default printing page.

JComboBox m_cbScale: combobox which selects a scale for preview.

PreviewContainer m_preview: container which holds previewing pages.

Two public constructorsare provided.The firstone takes an instance ofthe Printable interface and
passescontrolto the second constructor,using the Printable along with the “PrintPreview” String as
parameters.The second constructortakestwo parameters:an instance ofthe Printable interface and the
title string for the frame.This second constructor is the one thatactually sets up the PrintPreview
component.

First,atoolbariscreatedandabuttontitled"Print"isaddedtoperform printing ofthe m_target instanceas
described in the previous example.The only difference is thatno Printdialog is invoked,and the default
system printerisused (thisapproach istypicalforprintpreview components).W hen theprinting iscomplete,
this printpreview componentis disposed.The second button added to the toolbaris labeled "Close" and
merely disposes of this frame component.

Thethird(andthelast)componentaddedtothetoolbaristheeditablecombobox m_cbScale, which selects
apercentscaletozoom thepreviewedpages.Along w ithseveralpre-defined choices(10 % ,25 % ,50 % ,and
100 % ) any percent value can be entered. As soon as that value is selected and the corresponding
ActionListener involved,thezoom scalevalueisextracted and stored in thelocalvariable scale.This
determines the width and height of each PreviewPage component we will be creating:

                int w = (int)(m_wPage*scale/100);
                int h = (int)(m_hPage*scale/100);

Then allchild componentsofthe m_preview containerin turn arecast to PagePreview components(each
child is expected to be a PagePreview instance, but instanceof is used for precaution), and the
setScaledSize() m ethod isinvoked to assign a new size to the preview pages.Finally doLayout() is
invoked on m_preview to lay outtheresized child components,and validate() isinvoked on thescroll
pane.Thisscrollpaneistheparentofthe m_preview componentinthesecondgeneration (thefirstparentis
aJViewport component--seechapter7).Thislastcallisnecessary to display/hidescrollbarsasneeded for
the new size of the m_preview container. This wholeprocessiswrappedinathreadtoavoidcloggingupthe
AW T event-dispatching thread.

W hen toolbarconstruction iscomplete,the m_preview componentiscreated and filled with thepreviewed
pages.To do so we firstretrieve a PrinterJob instance fora defaultsystem printerwithoutdisplaying a
PageSetup dialog,and retrieveadefaultPageFormat instance.W eusethisto determinetheinitialsizeof
the previewed pages by multiplying its dimensions by the computed scaling percentile (which is 10% at
initialization time, because scale is set to 10).

To createthesescalablepreview pageswesetup awhileloop to continuously calltheprint()method ofthe
given Printable instance,using a page index thatgetsincremented each iteration,untilitreturnssomething
other than Printable.PAGE_EXISTS.

Each page is rendered into a separate image in memory.To do this,an instance of BufferedImage is
created with width m_wPage and height m_hPage. A Graphics instance is retrieved from that image using 
getGraphics():

                BufferedImage img = new BufferedImage(m_wPage, 
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                    m_hPage, BufferedImage.TYPE_INT_RGB);
                Graphics g = img.getGraphics();
                g.setColor(Color.white);
                g.fillRect(0, 0, m_wPage, m_hPage);
                if (target.print(g, pageFormat, pageIndex) != 
                    Printable.PAGE_EXISTS)
                    break;

Afterfilling theimage'sareawith awhitebackground (mostpaperiswhite),this Graphics instance,along
with the PageFormat and currentpage index,pageIndex,are passed to the print() method ofthe
Printable object.

Note: The BufferedImage class in the java.awt.image package allows direct image manipulation in
memory.Thisclasswillbediscussed in moredetailin Chapter23,aswellasotherclassesfrom theJava2 2D
API.

Ifthe callto the print() m ethod returns PAGE_EXISTS,indicating successin the rendering ofthe new
page, a new PagePreview component is created:

                PagePreview pp = new PagePreview(w, h, img);
                m_preview.add(pp);
                pageIndex++;

Note thatournewly created BufferedImage is passed to the PagePreview constructoras one ofthe
parameters.Thisisso thatwe can use itnow and in the future forscaling each PagePreview component
separately.Theotherparametersarethewidth and heightto use,which,atcreation time,are10% ofthepage
size (as discussed above).

Each new componentis added to our m_preview container.Finally,when the Printable’s print()
m ethod finishes,ourm_preview containerisplaced in a JScrollPane to provide scrolling capabilities.
This scroll pane is then added to the center of the PrintPreview frame, and our frame is then made visible.

Class PrintPreview.PreviewContainer

Thisinnerclassextends JPanel to serve asa containerforPagePreview components.The only reason
thiscustom containerisdeveloped isbecausewehavespecificlayoutrequirements.W hatwewanthereisa
layoutwhich placesitschild componentsfrom leftto right,withoutany resizing (using theirpreferred size),
and leavesequalgapsbetween them.W hen the available container's width is filled,a new row should be
started from the leftedge,withoutregard to the available height(we assume scrolling functionality willbe
made available).

You maywanttoreferbacktoourdiscussionoflayoutsinchapter4.Thecodeconstitutingthisclassdoesnot
require much explanation and provides a good exercise forcustom layoutdevelopment(eventhoughthisclass
is not explicitly a layout manager).

Class PrintPreview.PagePreview

ThisinnerclassextendsJPanel to serveasaplaceholderfortheimageofeach printed pagepreview.Four
instance variables are used:

int m_w: the current component's width (without insets).

int m_h: the current component's height (without insets).

Image m_source: the source image depicting the previewed page in full scale.

Image m_img: the scaled im age currently used for rendering.
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Theconstructorofthe PagePreview classtakesitsinitialwidth,height,and thesourceimage.Itcreatesa
scaledimagebycallingthegetScaledInstance() methodandsetsitsborderto MatteBorder(1, 1, 
2, 2, Color.black) to imitate a page laying on a flat surface.

ThesetScaledSize() methodmaybecalledtoresizethiscomponent.Ittakesanew width and heightas
parametersand createsa new scaled image corresponding to the new size.Usage ofthe SCALE_SMOOTH
option forscaling isessentialto getapreview imagewhich lookslikeazoomed printed page(although itis
not the fastest option). 

Thepaint() method draws a scaled image and draws a border around the component. 

Running the Code

At this point you can com pile and execute this example. Figure 22.2 shows a preview of the large image which 
willbeprinted on theninepages.Selectvariouszoom factorsin the combobox and see how the size ofthe
previewed pagesischanged.Then pressthe “Print” button to printto the defaultprinterdirectly from the
preview frame.

22.4 Printing styled text
In thissection we’lladd printing capabilitiesto theRTF word processorapplication developed in chapter20.
The printing of styled text would be easy if JTextComponent or JTextPane implemented the
Printable interfaceand provided thecapability to printtheircontent.Unfortunately thisisnotthecase(at
leastasofJava2 FCS).So wehaveto getfairlyclever,and createourown BoxView subclassto specifically
handleprinting.

Ourstyled editorclasswillnow implementthe Printable interfaceand delegatethemechanicsofprinting
ofeach page to ourcustom BoxView subclass.Note thatthiscustom view isnotactually displayed on the
screen asthe editor.Itsitsin the background and isused only forprinting and display in ourprintpreview
component.

Recall,from ourdiscussion in chapters11 and 19,thatstyled documentsconsistofahierarchy ofelements:
paragraphs,images,components,etc.Each elementisrendered by an associated view,which areallchildren
oftherootview.A BoxView in particular,arrangesallitschild viewsalong eitherthex ory axis(typically
the y axis).So,in thisexample,when we need to rendera page,we startfrom the firstchild view ofour
custom BoxView,and rendereach ofthe child viewssequentially,placing each below the previousin the
vertical direction. W hen the next page should be rendered,westartfrom thefirstremainingview andcontinue
in this fashion until all child views have been rendered. (This process will be explained in greater detail below.)
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Figure 22.5 Print preview  show ing a four page RTF docum ent.

<<figure22-5.gif>>

The Code: W ordProcessor.java
see\Chapter22\3

import java.awt.*;
import java.awt.event.*;
import java.io.*;
import java.util.*;
import java.sql.*;

import java.awt.print.*;
import javax.swing.plaf.basic.*;

import javax.swing.*;
import javax.swing.text.*;
import javax.swing.event.*;
import javax.swing.border.*;
import javax.swing.text.rtf.*;
import javax.swing.undo.*;

import dl.*;

public class WordProcessor extends JFrame implements Printable
{
  // Unchanged code from section 20.9

  protected PrintView m_printView;

  // Unchanged code from section 20.9

  protected JMenuBar createMenuBar() {
    // Unchanged code from section 20.9



66

    mFile.addSeparator();

    Action actionPrint = new AbstractAction("Print...", 
     new ImageIcon("print.gif")) { 
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() {
            printData();
          }
        };
        runner.start();
      }
    };
    item =  mFile.add(actionPrint);
    item.setMnemonic('p');

    item = new JMenuItem("Print Preview");
    item.setMnemonic('v');
    ActionListener lstPreview = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() {
            setCursor(Cursor.getPredefinedCursor(
              Cursor.WAIT_CURSOR));
            new PrintPreview(WordProcessor.this);
            setCursor(Cursor.getPredefinedCursor(
              Cursor.DEFAULT_CURSOR));
          }
        };
        runner.start();
      }
    };
    item.addActionListener(lstPreview);
    mFile.add(item);

    mFile.addSeparator();

    // Unchanged code from section 20.9
  }

  // Unchanged code from section 20.9

  public void printData() {
    getJMenuBar().repaint();
    try {
      PrinterJob prnJob = PrinterJob.getPrinterJob();
      prnJob.setPrintable(this);
      if (!prnJob.printDialog())
        return;
      setCursor( Cursor.getPredefinedCursor(
        Cursor.WAIT_CURSOR));
      prnJob.print();
      setCursor( Cursor.getPredefinedCursor(
        Cursor.DEFAULT_CURSOR));
      JOptionPane.showMessageDialog(this,
        "Printing completed successfully", "Info",
        JOptionPane.INFORMATION_MESSAGE);
    }
    catch (PrinterException e) {
      e.printStackTrace();
      System.err.println("Printing error: "+e.toString());
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}
  }

  public int print(Graphics pg, PageFormat pageFormat,
   int pageIndex) throws PrinterException {
    pg.translate((int)pageFormat.getImageableX(), 
      (int)pageFormat.getImageableY());
    int wPage = (int)pageFormat.getImageableWidth();
    int hPage = (int)pageFormat.getImageableHeight();
    pg.setClip(0, 0, wPage, hPage);

    // Only do this once per print
    if (m_printView == null) {
      BasicTextUI btui = (BasicTextUI)m_monitor.getUI();
      View root = btui.getRootView(m_monitor);
     m_printView = new PrintView(
        m_doc.getDefaultRootElement(), 
        root, wPage, hPage);
    }

    boolean bContinue = m_printView.paintPage(pg, 
      hPage, pageIndex);
    System.gc();

    if (bContinue)
      return PAGE_EXISTS;
    else {
      m_printView = null;
      return NO_SUCH_PAGE;
    }
  }

  public static void main(String argv[]) {
    new WordProcessor();
  }

  // Unchanged code from section 20.9

  class PrintView extends BoxView
  {
    protected int m_firstOnPage = 0;
    protected int m_lastOnPage = 0;
    protected int m_pageIndex = 0;

    public PrintView(Element elem, View root, int w, int h) {
      super(elem, Y_AXIS);
      setParent(root);
      setSize(w, h);
      layout(w, h);
    }

    public boolean paintPage(Graphics g, int hPage, 
     int pageIndex) {
      if (pageIndex > m_pageIndex) {
        m_firstOnPage = m_lastOnPage + 1;
        if (m_firstOnPage >= getViewCount())
          return false;
        m_pageIndex = pageIndex;
      }
     int yMin = getOffset(Y_AXIS, m_firstOnPage);
      int yMax = yMin + hPage;
      Rectangle rc = new Rectangle();
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      for (int k = m_firstOnPage; k < getViewCount(); k++) {
        rc.x = getOffset(X_AXIS, k);
        rc.y = getOffset(Y_AXIS, k);
       rc.width = getSpan(X_AXIS, k);
        rc.height = getSpan(Y_AXIS, k);
        if (rc.y+rc.height > yMax)
          break;
        m_lastOnPage = k;
        rc.y -= yMin;
        paintChild(g, rc, k);
      }
      return true;
    }
  }

// Remaining code is unchanged from section 20.9

ClassW ordProcessor

In comparison to theexampleofsection 20.9,thisclassimportstwo new packages:java.awt.print and
javax.swing.plaf.basic.Thefirstoneprovidesthenecessary printing API,whilethesecond is used
to gain access to text component UI delegates (we will soon see why this is necessary).

One new instance variable,PrintView m_printView,represents our custom view used to printthe
styleddocument(seebelow).ThecreateMenuBar() methodnow createsandaddstothe"File"menutwo
new menu items titled "Print..." and "Print Preview". W hen the first one is selected it calls the printData()
method,while the second one createsa PrintPreview instance by passing WordProcessor.this as
thePrintable reference.TheprintData() method obtainsa PrinterJob instance,invokesanative
Print dialog, and initializes printing the same way as we've seen in previous examples.

The print() method is called to printa given page ofthe currentstyled document.First, this method
determinesthesizeandoriginoftheprintableareausinga PageFormat instanceaswe'veseenbefore.Next
weneed to setaclip areaofthegraphicscontextto the size ofthisprintable area.Thisisnecessary forthe
rendering of text componentViews because they do clipping area intersection detection for optimized painting. 
If we don’t set the clipping area, they won’t know how to render themselves.

Unfortunately,the Printable interface does notprovide any methods which can be called to initialize
specific resources before printing,and release these resources after printing.So we mustimplementthis
functionality ourselves. The actual job of rendering the styled document is done by the m_printView object, 
which mustbeinstantiated beforeprinting begins,and released when itends.Being forced to do allthisin a
single method, we first check if the m_printView reference is null. If it is then we assign it a new instance 
ofPrintVew. If it isn’tnull we don’t modify it (this indicates that we areinthemidstofaprintingsession).
W hen printing ends,we then setitto null so thatthe remaining PrintView instance can be garbage
collected.

    // Only do this once per print 
    if (m_printView == null) {
      BasicTextUI btui = (BasicTextUI)m_monitor.getUI();
      View root = btui.getRootView(m_monitor);
      m_printView = new PrintView(
        m_doc.getDefaultRootElement(), 
        root, wPage, maxHeight);
    }

To create an m_printView objectwe need to access the BasicTextUI instance forourm_monitor



69

JTextPane component,and retrieve its rootView (which sits on the top ofthe hierarchy ofviews--see
chapter 19) using BasicTextUI’sgetRootView() method. At this point the PrintView instance can be 
created.Itsconstructortakesfourparameters:therootelementofthecurrentdocument,therootview,andthe
width and height of the entire document’s printing bounds.

Assoon aswe're sure thatthe m_printView objectexists,we callitscustom paintPage() method to
render a page with the given index to the given graphicalcontext.Then the garbage collector is called
explicitly in an attempt to cut down on the heavy memory usage.

FinallyifthepaintPage() callreturnstrue,thePAGE_EXISTS valueisreturned to indicateasuccessful
render.Otherwisewesetthem_printView referenceto null,and return NO_SUCH_PAGE to indicatethat
no more pages can be rendered.

ClassW ordProcessor.PrintView

This inner class extends BoxView and is used to render the content of a styled document. (Note that since this 
class extends BoxView,we have access to some of its protected m ethods,such as getOffset(),
getSpan(),layout(), and paintChild().)

Three instance variables are defined:

int m_firstOnPage: index of the first view to be rendered on the current page.

int m_lastOnPage: index of the last view to be rendered on the current page.

int m_pageIndex: index of the current page.

The PrintView constructorcreatesthe underlying BoxView objectfora given rootElement instance
(this should be the rootelementin the documentmodelof the textcomponentwe are printing)and the
specified axisused forformat/break operations(thisisnormally Y_AXIS).A given View instanceisthen set
astheparentforthisPrintView (thisshould betherootView ofthetextcomponentweareprinting).The
setSize() method iscalled to setthesizeofthisview,and layout() iscalled to layoutthechild views
based on the specified width and height(thisisdone to calculate the coordinates ofallviews used in the
rendering ofthisdocument).Theseoperationsmay betimeconsuming forlargedocuments.Fortunately they
are only performed at construction time:

    public PrintView(Element elem, View root, int w, int h) {
      super(elem, Y_AXIS);
      setParent(root);
      setSize(w, h);
      layout(w, h);
    }

Note:W efoundthatsetParent()mustbecalledpriortosetSize() andlayout() toavoidundesirableside
effects.

OurpaintPage() method renders a single page of a styled document. It takes three parameters:

Graphics g: the graphical context to render the page in.

int hPage: the height of the page.

int pageIndex: the index of the page to render.

This method will return true if the page with the given index is rendered successfully, or false if the end of
the documentis reached.W e assume thatthe pages to be rendered willbe fetched in sequentialorder
(although morethan onecallcan be made to printthe mostrecently rendered page).Ifa new page index is
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greaterthan m_pageIndex (which holdstheindex ofthe lastrendered page),we begin rendering from the
nextview afterthelastonerendered on thepreviouspage,and setm_firstOnPage to m_lastOnPage + 
1. If this exceeds the number of child views, no more rendering can be done, so we return false.

      m_firstOnPage = m_lastOnPage + 1;
      if (m_firstOnPage >= getViewCount())
        return false;

LocalvariablesyMin and yMax denotetop and bottom coordinatesofthepagebeing rendered relativeto the
top of the document. yMin is determined by the offset of the first view toberendered,and yMax isthen yMin
plus the height of the page:

      int yMin = getOffset(Y_AXIS, m_firstOnPage);
      int yMax = yMin + hPage;

Allchild views,from m_firstOnPage to the lastview thatwillfiton the currentpage,are examined
sequentiallyin aloop.In each iteration,localvariable,Rectangle rc,isassigned thecoordinatesofwhere
the associated child view is placed in the document (not on the current page). Based on the height of this view, 
ifthere isenough room horizontally to renderit(note thatitisguaranteed to fitvertically,since the page’s
width wasspecified in the layout() callabove),the paintChild() m ethod iscalled to renderitinto the
graphics context. Also note that we offset the y-coordinate of the view by yMin because, as we just mentioned, 
each child view ispositioned in termsofthewholedocument,and weareonlyconcerned with itsposition on
the current page. If at any point a view will not fit within the remaining page space we exit the loop.

      for (int k = m_firstOnPage; k < getViewCount(); k++) {
        rc.x = getOffset(X_AXIS, k);
        rc.y = getOffset(Y_AXIS, k);
        rc.width = getSpan(X_AXIS, k);
        rc.height = getSpan(Y_AXIS, k);
        if (rc.y+rc.height > yMax)
          break;
        m_lastOnPage = k;
          rc.y -= yMin;
        paintChild(g, rc, k);
      }
      return true;

Note:A more sophisticated and precise implementation mightexamine the y coordinates of allviews in the
hierarchy,notonly the children ofthe rootview.Itmightbe the case thata large paragraph should be split
between two ormore pages.Oursimple approach isnotthisflexible.In fact,in the case ofa paragraph that
spansaheightlargerthan thepagesize,wecould bein realtroublewith thisimplementation.Although thisis
not common, it must be accounted for in professional implementations.

Running the Code

Atthispointyou can compile and execute thisexample.Figure 22.3 showsa preview ofa text document
which will occupy four pages. Try previewing and printing a styled document. W e’ve includedthe License.rtf
file for you to experiment with.

22.5 Printing tables
In this section we'll add printing capabilities to the JTable application developed earlier in chapter 18. Unlike 
other examples in this chapter, a printed table should not resemble the JTable component asdisplayedonthe
screen.Thisrequiresusto add detailed codefortherendering ofthetable'scontentsasitshould bedisplayed
in aprintout.Theresulting code,however,doesnotdepend on thetable'sstructureand can beeasily used for
printinganytablecomponent.Thus,thecodepresentedherecanbepluggedintoany JTable applicationthat
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needs printing functionality.Combined w ith our print preview component (see previous examples),the
amount of work we need to do to support printing of tables in professional applicatons is minimal.

Figure 22.6 Print preview  of JTable data.

<<figure22-6.gif>>

The Code: StocksTable.java
see\Chapter22\4

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.text.*;
import java.sql.*;
import java.awt.print.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.table.*;

public class StocksTable extends JFrame implements Printable
{
  protected JTable m_table;
  protected StockTableData m_data;
  protected JLabel m_title;

  protected int m_maxNumPage = 1;

  // Unchanged code from section 18.6

  protected JMenuBar createMenuBar() {
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    // Unchanged code from section 18.6

    JMenuItem mPrint = new JMenuItem("Print...");
    mPrint.setMnemonic('p');
    ActionListener lstPrint = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {

  Thread runner = new Thread() {
          public void run() {
            printData();
          }
        };
        runner.start(); 
      }
    };
    mPrint.addActionListener(lstPrint);
    mFile.add(mPrint);

    JMenuItem mPreview = new JMenuItem("Print Preview");
    mPreview.setMnemonic('v');
    ActionListener lstPreview = new ActionListener() { 
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() {
            setCursor(Cursor.getPredefinedCursor(
              Cursor.WAIT_CURSOR));
            new PrintPreview(Table7.this, 
            m_title.getText()+" preview");
            setCursor(Cursor.getPredefinedCursor(
              Cursor.DEFAULT_CURSOR));
          }
        };

   runner.start();
      }
    };
    mPreview.addActionListener(lstPreview);
    mFile.add(mPreview);
    mFile.addSeparator();

    // Unchanged code from section 18.6
  }

  public void printData() {
    try {
      PrinterJob prnJob = PrinterJob.getPrinterJob();
      prnJob.setPrintable(this);
      if (!prnJob.printDialog())
        return;
      m_maxNumPage = 1;
      prnJob.print();
    }
    catch (PrinterException e) {
      e.printStackTrace();
      System.err.println("Printing error: "+e.toString());
    }
  }

  public int print(Graphics pg, PageFormat pageFormat,
   int pageIndex) throws PrinterException {
    if (pageIndex >= m_maxNumPage)
      return NO_SUCH_PAGE;

    pg.translate((int)pageFormat.getImageableX(), 
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      (int)pageFormat.getImageableY());
    int wPage = 0;
    int hPage = 0;
    if (pageFormat.getOrientation() == pageFormat.PORTRAIT) {
      wPage = (int)pageFormat.getImageableWidth();
      hPage = (int)pageFormat.getImageableHeight();
    }
    else {
      wPage = (int)pageFormat.getImageableWidth();
      wPage += wPage/2;
      hPage = (int)pageFormat.getImageableHeight();
      pg.setClip(0,0,wPage,hPage);
    }

    int y = 0;
    pg.setFont(m_title.getFont());
    pg.setColor(Color.black);
    Font fn = pg.getFont();
    FontMetrics fm = pg.getFontMetrics();
    y += fm.getAscent();
    pg.drawString(m_title.getText(), 0, y);
    y += 20; // space between title and table headers

    Font headerFont = m_table.getFont().deriveFont(Font.BOLD);
    pg.setFont(headerFont);
    fm = pg.getFontMetrics();

    TableColumnModel colModel = m_table.getColumnModel();
    int nColumns = colModel.getColumnCount();
    int x[] = new int[nColumns];
    x[0] = 0;

    int h = fm.getAscent();
    y += h; // add ascent of header font because of baseline
            // positioning (see figure 2.10)

    int nRow, nCol;
    for (nCol=0; nCol<nColumns; nCol++) {
      TableColumn tk = colModel.getColumn(nCol);
      int width = tk.getWidth();
      if (x[nCol] + width > wPage) {
        nColumns = nCol;
        break;
      }
      if (nCol+1<nColumns)
        x[nCol+1] = x[nCol] + width;
      String title = (String)tk.getIdentifier();
      pg.drawString(title, x[nCol], y);
    }

    pg.setFont(m_table.getFont());
    fm = pg.getFontMetrics();

    int header = y;
    h = fm.getHeight();
    int rowH = Math.max((int)(h*1.5), 10);
    int rowPerPage = (hPage-header)/rowH;
    m_maxNumPage = Math.max((int)Math.ceil(m_table.getRowCount()/
      (double)rowPerPage), 1);

   TableModel tblModel = m_table.getModel();
    int iniRow = pageIndex*rowPerPage;
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    int endRow = Math.min(m_table.getRowCount(), 
      iniRow+rowPerPage);

    for (nRow=iniRow; nRow<endRow; nRow++) {
      y += h;
      for (nCol=0; nCol<nColumns; nCol++) {
        int col = m_table.getColumnModel().getColumn(nCol).getModelIndex();
        Object obj = m_data.getValueAt(nRow, col);
        String str = obj.toString();
        if (obj instanceof ColorData)
          pg.setColor(((ColorData)obj).m_color);
        else
          pg.setColor(Color.black);
          pg.drawString(str, x[nCol], y);
      }
    }

    System.gc();
    return PAGE_EXISTS;
  }

// Remaining code unchanged from section 18.6

Understanding the Code

Class StocksTable

In comparison with the table examplesofchapter18,we now implementthe Printable interface.In our
createMenuBar() m ethod we add a “Print...” menu item,which calls ournew printData() m ethod
which acts just like the printData() methods we implemented in the examples above.

In ourimplementation ofthe print() m ethod,we firstdetermine whethera valid page index has been
specified by comparing it to the maximum number of pages, m_maxNumPage:

        if (pageIndex > m_maxNumPage)
            return NO_SUCH_PAGE;

The catch is thatwe don'tknow this maximum numberin advance.So we assign an initialvalue of1 to
m_maxNumPage (thecodeaboveworksforthe 0-th page),and adjustm_maxNumPage to therealvaluelater
in the code, just as we’ve done in the examples above.

W e then translate the origin ofthe graphics contextto the origin ofthe given PageFormat instance and
determinethewidthandheightoftheareaavailableforprinting.Thesedimensionsareusedtodeterminehow
much data can fit on the given page. This same technique was also used in the previous examples. However, in 
thisexamplewe’veadded theability to printwith a landscape orientation because tablescan be quite wide,
and we normally don’twanttable data to span multiple pages(atleasthorizontally).In orderto do thiswe
have tofirstchecktheorientationofthegivenPageFormatinstance.IfitisPORTRAIT wedetermineitswidth
and height as we have always done. If it is not PORTRAIT, then it must be either LANDSCAPE or
REVERSE_LANDSCAPE (see section 22.1.5). In this case we need to increase the width of the page because the 
default is not adequate. After increasing the width we must also explicitly set the size of the graphics clip,

This is all we have to do to allow printing in either orientation. 

Localvariabley iscreated to keep track ofthecurrentverticalposition on thepage,and wearenow ready to
actually start therendering,andbeginwiththethetable'stitle.Notethatweusethesamefontasisusedinthe
table application for consistency.W e add some white space below the title (by increasing y) and then we make 
preparations for printing our table's headers and body. A bold font is used for our table's header. An array,x[],
iscreatedwhichwillbeusedtostorethexcoordinateofeach column’supperleftcorner(taking into account
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that they may be resized and moved). Variable nColumns contains the total number of columns in our table.

Now weactually iteratethrough thecolumnsand printeach column header while filling ourx[] array.W e
checkeachiterationtoseeifthexcoordinateofthepreviouscolumn,combinedwiththewidthofthecolumn
underconsideration,willbe more than the width ofthe page.Ifso we setthe totalnumberofcolumns,
nColumns,tothenumberthatwillactuallyfitonthepage,andthenbreakoutoftheloop.Ifnotwesetthex
coordinate corresponding to the current column, print its title, and continue on to the next iteration.

Since we've completed the printing ofourtable's title and headers,we know how much space is leftfor
printing ourtable'sbody.W ealso know thefont'sheight,so wecan calculatehow many rowscan beprinted
on onepage,which isrowPerPage below (theheightofthepageminusthecurrenty offset,alldivided by
the heightofthe currentfontor10,whicheveris larger).Finally we calculate the realnumberofpages,
m_maxNumPage,by dividing the totalrow countof our table by the number of rows per page we just
calculated as rowPerPage. The minimum page count will be 1.

Now weneed to actually printthetabledata.FirstwecalculatetheinitialiniRow and finalendRow rowsto
be printed on this page:

        TableModel tblModel = m_table.getModel();
        int iniRow = pageIndex*rowPerPage;

   int endRow = Math.min(m_table.getRowCount(), 
            iniRow+rowPerPage);

Then,in adouble for loop,iterating through each column ofeach row in turn,weprintthetable’scontents.
Thisisdonebyextractingeachcell’sdataasan Object (using getValueAt()).W estoreitstoString()
String representation in a localvariable and check ifthe objectisan instance ofourcustom innerclass,
ColorData (defined in earlierchapter18 examples).Thisclassisdesigned to associateacolorwith agiven
data object. So if the object is a ColorData instance we grab its color and assignitasthecurrentcolorofthe
graphics context.Ifitisn’twe use black.Finally,we printthatobject’s toString() representation and
continue on to the remaining cells.

Note:W eareassumingthateachobject’stoString() representationiswhatwewanttoprint.Formorecomplex
TableCellRenderer implementations, this printing code will need to be customized.

W e end by explicitly invoking the garbage collectorand returning PAGE_EXISTS to indicate a successful
print.

Running the Code

Atthis pointyou can compile and execute this example.Figure 22.4 shows a printpreview ofourtable
application. Try manipulating the table's contents (by choosing different dates ifyou haveJDBC andODBC --
see chapter 18) and column orders to see how it affects the table's printout and print preview.

You will notice that in order to fit the whole table onthepaperitmustbecondensedconsiderably.Itisnatural
atthispointto wantto printitwith alandscapeorientation.W hen wechooselandscapefrom thePageSetup
dialog thismodifiesthePageFormat objectthatwillbesentto ourprint() m ethod when printing begins.
However,thiswillnotactually tellthe printerto printin landscape mode.In orderto do this,we have to
explicitly choose landscape mode from the Printdialog aswell.Unfortunately,the Page Setup information
does not inform the printer, but it is necessary to inform our application.

Though our application can print successfully with a landscape orientation, our print preview component is not 
designed to display anything but portrait-oriented previews. Because of the way our PrintPreview
componenthas been constructed,itis quite easy to add the ability to preview landscape-oriented pages if
desired.The only modification thatis necessary,is the addition of a parameter to its constructor which
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specifyies the orientation to use.This parametercan then be assigned to the PageFormat objectused in
constructing each PagePreview object.W ewillnotshow thecode here,butwe have included a modified
version ofPrintPreview and the StocksTable application to demonstrate how you can implementthis
functionality. See \Chapter22\5. Figure 22.7 illustrates.

Figure 22.7 Print preview  com ponent m odified for landscape orientation.

<<figure22-7.gif>>

Chapter 23. Java2D
In this chapter:

• Java2D API overview

• Rendering charts

• Rendering text strings

• Rendering images

23.1 Java2D API overview
Java2 offersavery powerfulnew rendering modelknown asJava2D.Thismodelconsistsofasetofclasses
and interfacesforadvanced 2D lineart,text,and imagerendering.Although thisAPIisnotconsidered apart
of Swing, it is closely related to Swing and may be effectively used to develop sophisticated Swing
applications.
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Note: Packages java.awt.print (discussed in chapter 22) and com.sun.image.codec.jpeg (discussed in 
chapter 13) are also considered part of the Java2D API.

ThischapterincludesaJava2D APIoverview and showshow to usethisAPIforchartrendering,enhanced
labelcreation,and advanced image rendering.Below we briefly discussthe classesand interfacesthatare
fundamentaltothe2D API.Note,however,thatacompletedescription ofallJava2D featuresliesbeyond the
scope of this book.

23.1.1 The Shape interface

abstract interface java.awt.Shape

This interface provides the definition for a 2D geometricalobject.M ostof the classes contained in the
java.awt.geom packageimplementthisinterface.These classesdefine such thingsaspoints,lines,arcs,
rectangles, round rectangles, ellipses, and more complexshapessuchascubicandquadraticparametriccurves.
Thesegeometries allow a high degree of flexibility and with them, we can create almost any shape imaginable.
W e can renderthese geometries into a 2D graphics contextusing its draw() orfill() methods (see
below).W ecan also perform boolean operationson multipleshapessuch asunion,intersection,exclusiveor,
etc.using the java.awt.geom.Area class.The geometry ofeach Shape‘sboundary isdefined asa path
which is represented by a set of line segmentsandcurvesencapsulatedina PathIterator instance(wewill
not discuss the details of this here).

Severaloverloaded contains() methodsdeterminewhetheragivenpointorrectangleliesinsidea Shape,
and the getBounds() method returns a Shape’s minimum bounding rectangle.

23.1.2 GeneralPath

class java.awt.geom.GeneralPath

This class implements the Shape interface and represents a geometric path constructed from severalline
segments, or quadratic and cubic curves.Particularly important is its append(Shape s, boolean
connect) method which providesuswith away to append oneshapeto anotherby optionally connecting
their paths with a line segment. 

GeneralPath m aintainsacurrentcoordinateatalltimeswhich representsthecoordinatethat,ifwewereto
add a line segment,would be the beginning ofthe added line segment.To do this we use its lineTo()
m ethod passing ittwo floatsrepresenting the destination coordinate.Similarly,we can use its moveTo()
andquadTo() methods to add a point or curve to the path.

23.1.3 Rectangle2D

class java.awt.geom.Rectangle2D

This class serves as a superclass for three classes: the well-known java.awt.Rectangle class,
Rectangle2D.Double,and Rectangle2D.Float.Theseclassesnotonly provide new waysto work
with rectangles,butalso allow us to specify a rectangle’s coordinates in int,float,ordouble form.
Along with Rectangle2D,thejava.awt.geom packagealsoincludesasetofclasseswhichprovidenew
functionality to familiar graphical primitives, such as Dimension2D,Line2D, and Point2D. Each of these 
classes allow us to specify their coordinates using ints, floats, or doubles through appropriate
subclasses.
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23.1.4 AffineTransform

class java.awt.geom.AffineTransform

This class encapsulates a general form affine transformation between two coordinate systems. This
transformationisessentiallyacoordinatetransformation represented bya3x3 matrix with an implied lastrow
([0 0 1])mapping each x and y in thebounding rectangleofa Shape to anew x' and y' according to the
following:

x' = m 00x + m 01y + m 02

y' = m 10x + m 11y + m 12

The m xx’srepresentthefirsttworowsofa3x3matrix.Theseformulasarequitesimpleto understand and can
be rewritten, for most operations, as the following:

x' = (scaleX * x) + (shearX * y) + offsetX
y' = (scaleY * x) + (shearY * y) + offsetY

Thesstransformationspreservelinesand parallelism (i.e.parallellinesaremapped to parallellines).W euse
them to perform scaling,shearing,and translation.To constructan AffineTransform we use eitherthe
double or float version of the following constructor:

    AffineTransform(m00, m10, m01, m11, m02, m12)

Note the order of the parameters. This directly corresponds to the columns of our matrix described above. 

Rotation also preserves parallelism. Given an angle of rotation in radians, θ :

x' = x*(cosθ) + y*(-sinθ) + offsetX
y' = x*(sinθ) + y*(cosθ) + offsetY

Note that (degrees * π/180) = radians.

TheJava2D graphicscontext(seebelow)maintainsatransform attribute,justasitmaintainsacolorand font
attribute.W heneverwedraw orfillashape,thisoperation willbeperformed according to thecurrentstateof
thetransform attribute.W ecan createan instanceofAffineTransform by specifying thefirsttwo rowsof
the matrix as described above. Alternatively, we can use static methods to create specific types of
transformations: getRotateInstance(), getScaleInstance(), getShearInstance(), or
getTranslateInstance(). W e can use the concatenate() method to concatenate multiple
transformations successively. W e can also compose specific transformations with an existing
AffineTransform using its rotate(),scale(),shear(), andtranslate() methods.

AffineTransforms are widely used throughout the 2D API as parameters to methods requiring a
transformation to produce various visual effects.

23.1.5 The Stroke interface

abstract interface java.awt.Stroke

Thisinterface definesonly one method:createStrokedShape(Shape p),which generatesa Shape
thatistheoutlineofthegiven Shape parameter.Thisoutlinecan beofvarioussize,shape,and décor.The
only implementing classisBasicStroke (seebelow).W euse Strokesto definelinestylesfordrawing in
theJava2D graphicscontext.To setthe stroke attribute ofa given Graphics2D we use itssetStroke()
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m ethod.

23.1.6 BasicStroke

class java.awt.BasicStroke

ThisclassimplementstheStroke interfaceanddefinesasetofrenderingattributesspecifyinghow torender
the outline of a Shape. These attributes consist of line width,join style,end-cap style, and dash style:

The line width (often called the pen width) is the thickness measured perpendicular to its trajectory.

The end-capstyle specifies whether round, butt, or square endsareusedtorendertheendsoflinesegments:
CAP_ROUND,CAP_BUTT, and CAP_SQUARE.

The join style specifies how to render the joints between segments. This can be one of bevel, miter, or round: 
JOIN_BEVEL,JOIN_MITER, and JOIN_ROUND.

The dash style defines a pattern of opaque and transparent regions rendered along a line segment.

23.1.7 The Paint interface

abstract interface java.awt.Paint

Thisinterface defineshow colorsand colorpatternsmay be assigned to the 2D graphicscontextforuse in
drawing and filling operations.Some importantimplementing classes are Color,GradientPaint,and
TexturePaint.W eusePaintstodefinefillpatternsforfilling in Shapesin theJava2D graphicscontext.
To set the paint attribute of a given Graphics2D we use its setPaint() method.

23.1.8 GradientPaint

class java.awt.GradientPaint

ThisclassimplementsthePaint interfaceand rendersashapeby using alinearcolorgradient.Thegradient
isdetermined by two 2D pointsand two colorsassociated with them.Thegradientcan optionally becyclical
whichmeansthatbetweenbothpointsitwillcyclethroughshadesofeachcolorseveraltimes,ratherthanjust
once. W e use the Graphics2D.setPaint() method to assign a GradientPaint instance to a
Graphics2D object. W e can then call the fill() methodtofillaspecified Shape withthisgradient.Note
that this class provides an easy way to produce remarkable visual effects using only a few lines of code.

23.1.9 TexturePaint

class java.awt.TexturePaint

This class implements the Paint interface and is used to fill Shapes with a texture stored in a
BufferedImage.W eusetheGraphics2D.setPaint() method to assign a TexturePaint instance
to aGraphics2D object.W ecan callthe fill() method to fillaspecified Shape with thistexture.Note
thattheBufferedImagesused foratextureareexpected to besmall,asa TexturePaint objectmakesa
copy of its data and stores itinternally;itdoes notreference the provided BufferedImage.Itis also
important to reuse TexturePaint objects, rather than create new ones, whenever possible.

23.1.10 Graphics2D

class java.awt.Graphics2D

Thisclassextendsthe java.awt.Graphics classto provide a more sophisticated APIforworking with
geometry,transformations,colors,fillpatterns and line styles,and textlayout.In Java 2,the Graphics
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object passed to a component’spaint() method is really a Graphics2D object. So we can use this class in 
ourpaint() implementation by simply casting our Graphics object to a Graphics2D:

  public void paint(Graphics g)
  {
    Graphics2D g2 = (Graphics2D) g;
    // Use Graphics2D ...

W e can assign attributes to a Graphics2D instance using methods such as setTransform(),
setStroke() orsetPaint(),as we discussed above.W e can then calldraw() to outline a given
Shape instance using the assigned Stroke, and we can call fill() to fillagiven Shape withtheassigned
Color,GradientPaint,orTexturePaint.Depending on the state ofthe transform attribute,Shapes
willbetranslated,rotated,scaled,orsheared appropriately asthey aredrawn (see AffineTransform).W e
can modify the current transform directly with methods rotate(),scale(),shear(), and translate().
W ecanalsoassignitanew transform usingitssetTransform() m ethod,orcomposethecurrenttransform
with a given one using its transform() method.

A Graphics2D objectcan maintain preferences for specific rendering algorithms to use depending on
whetherspeed orquality is the priority.These are called rendering hints.They can be assigned using the
setRenderingHint() method and arestored askey/valuepairs.Valid keysand valuesaredefined in the
RenderingHints class.Two ofthesepairsareespecially importantto us,astheexamplesin thischapter
will always use them:

By setting the KEY_ANTIALIASING property to VALUE_ANTIALIAS_ON you can take advantage ofa
techniqueused to renderobjectswith smoothly blended edges(by using intermediatecolorsto rendera
border between, say, black and white areas).

By setting the the KEY_RENDERING property to VALUE_RENDER_QUALITY,appropriate rendering
algorithms will always be chosen to ensure the best output quality.

23.1.11 GraphicsEnvironment

class java.awt.GraphicsEnvironment

Thisclassiscapable ofretrieving the collection ofGraphicsDevice and Font instancesavailable to a
Java application on the running platform. GraphicsDevices can reside on the local machine or any number 
of remote machines. A GraphicsDevice instancedescribes,surprisingly,agraphicsdevicesuchasascreen
or printer.

Recallfrom chapter 2 thatwe normally reference GraphicsEnvironment to retrieve the names ofall
available fonts:

  String[] fontNames = GraphicsEnvironment.getLocalGraphicsEnvironment().
    getAvailableFontFamilyNames();

23.1.12 BufferedImage

class java.awt.image.BufferedImage

Thisclassrepresentsan Image stored in memory providing methodsforstoring,interpreting,and rendering
pixeldata.Itis used widely throughoutthe 2D APIand we’ve already seen itin chapters 13 and 22.In
particular,you can createa BufferedImage,retrieveitsassociated Graphics2D instanceto renderinto,
perform therendering,and usetheresultasan imagefor,among otherthings,painting directly into another
graphicscontext(we used thistechnique in the construction ofourprintpreview component).Thisisalso
similartohow RepaintManager handlesthebufferingofallSwingcomponents,aswediscussedinchapter
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2.

23.1.13 FontRenderContext

class java.awt.font.FontRenderContext

Instancesofthisclassencapsulateinformationneededto correctlymeasuretext.Thisincludesrendering hints
and targetdevicespecificinformation such asresolution (dots-per-inch). A FontRenderContext instance
representing the current state of the 2D graphics context can be retrieved using Graphics2D’s
getFontRenderContext() method.FontRenderContext is usually used in association with text
formatting using Fonts and TextLayouts.

23.1.14 TextLayout

class java.awt.font.TextLayout

Instances ofthis class representan immutable graphicalrepresentation ofstyled text--thatis,they cannot
change (this class does not contain any set accessors). Only new instances can be created, and a
FontRenderContext instanceisrequired to do this.W erendera TextLayout in the2D graphciscontext
using thatTextLayout’s draw() m ethod.This class is very powerfuland supports such things as hit
detection,which willreturn the charactera mouse pressoccurson,aswellassupportforbi-directionaltext
and splitcursors.A particularly noteworthy method is getOutline(AffineTransform tx),which
returns a Shape instance outlining the text.

23.2 Rendering charts
In thissection we'lldemonstratetheadvantagesofusing theJava2D APIforrendering charts.Thefollowing
exampleintroducesacustom componentwhich iscapableofrendering linegraphs,barcharts,and piecharts
using strokes, color gradients, and background images. This application demonstrates how to buildsuchcharts
taking into account issues such as axis positioning and scaling based on the given coordinate data. Be prepared 
for a bit of math.

Figure 23.1 Charts2D displaying the three available JChart2D charts w ith various visual effects.

<<file figure23-1.gif>>

The Code: Charts2D.java
see\Chapter23\1

import java.awt.*;
import java.awt.event.*;
import java.awt.font.*;
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import java.awt.geom.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;

public class Charts2D extends JFrame 
{
  public Charts2D() {
    super("2D Charts");
    setSize(720, 280);
    getContentPane().setLayout(new GridLayout(1, 3, 10, 0));
    getContentPane().setBackground(Color.white);

    int nData = 8;
    int[] xData = new int[nData];
    int[] yData = new int[nData];
    for (int k=0; k<nData; k++) {
      xData[k] = k;
      yData[k] = (int)(Math.random()*100);
      if (k > 0)
        yData[k] = (yData[k-1] + yData[k])/2;
    }

    JChart2D chart = new JChart2D(
      JChart2D.CHART_LINE, nData, xData, 
      yData, "Line Chart");
    chart.setStroke(new BasicStroke(5f, BasicStroke.CAP_ROUND,
      BasicStroke.JOIN_MITER));
    chart.setLineColor(new Color(0, 128, 128));
    getContentPane().add(chart);

    chart = new JChart2D(JChart2D.CHART_COLUMN, 
      nData, xData, yData, "Column Chart");
    GradientPaint gp = new GradientPaint(0, 100, 
      Color.white, 0, 300, Color.blue, true);
    chart.setGradient(gp);
    chart.setEffectIndex(JChart2D.EFFECT_GRADIENT);
    chart.setDrawShadow(true);
    getContentPane().add(chart);

    chart = new JChart2D(JChart2D.CHART_PIE, nData, xData,
      yData, "Pie Chart");
    ImageIcon icon = new ImageIcon("hubble.gif");
    chart.setForegroundImage(icon.getImage());
    chart.setEffectIndex(JChart2D.EFFECT_IMAGE);
    chart.setDrawShadow(true);
    getContentPane().add(chart);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);

    setVisible(true);
  }

  public static void main(String argv[]) {
    new Charts2D();
  }
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}

class JChart2D extends JPanel
{
  public static final int CHART_LINE = 0;
  public static final int CHART_COLUMN = 1;
  public static final int CHART_PIE = 2;

  public static final int EFFECT_PLAIN = 0;
  public static final int EFFECT_GRADIENT = 1;
  public static final int EFFECT_IMAGE = 2;

  protected int m_chartType = CHART_LINE;
  protected JLabel m_title;
  protected ChartPanel m_chart;

  protected int m_nData;
  protected int[] m_xData;
  protected int[] m_yData;
  protected int m_xMin;
  protected int m_xMax;
  protected int m_yMin;
  protected int m_yMax;
  protected double[] m_pieData;

  protected int  m_effectIndex = EFFECT_PLAIN;
  protected Stroke m_stroke;
  protected GradientPaint m_gradient;
  protected Image  m_foregroundImage;
  protected Color  m_lineColor = Color.black;
  protected Color  m_columnColor = Color.blue;
  protected int  m_columnWidth = 12;
  protected boolean m_drawShadow = false;

  public JChart2D(int type, int nData, 
   int[] yData, String text) {
    this(type, nData, null, yData, text);
  }

  public JChart2D(int type, int nData, int[] xData, 
   int[] yData, String text) {
    super(new BorderLayout());
    setBackground(Color.white);
    m_title = new JLabel(text, JLabel.CENTER);
   add(m_title, BorderLayout.NORTH);

    m_chartType = type;

    if (xData==null) {
      xData = new int[nData];
      for (int k=0; k<nData; k++)
        xData[k] = k;
    }
    if (yData == null)
      throw new IllegalArgumentException(
      "yData can't be null");
    if (nData > yData.length)
      throw new IllegalArgumentException(
      "Insufficient yData length");
    if (nData > xData.length)
      throw new IllegalArgumentException(
      "Insufficient xData length");
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    m_nData = nData;
  m_xData = xData;

    m_yData = yData;

    m_xMin = m_xMax = 0;  // To include 0 into the interval
    m_yMin = m_yMax = 0;
    for (int k=0; k<m_nData; k++) {
      m_xMin = Math.min(m_xMin, m_xData[k]);
      m_xMax = Math.max(m_xMax, m_xData[k]);

  m_yMin = Math.min(m_yMin, m_yData[k]);
      m_yMax = Math.max(m_yMax, m_yData[k]);
    }
    if (m_xMin == m_xMax)
      m_xMax++;
    if (m_yMin == m_yMax)
      m_yMax++;

    if (m_chartType == CHART_PIE) {
      double sum = 0;
      for (int k=0; k<m_nData; k++) {
        m_yData[k] = Math.max(m_yData[k], 0);
        sum += m_yData[k];
      }
      m_pieData = new double[m_nData];
      for (int k=0; k<m_nData; k++)
        m_pieData[k] = m_yData[k]*360.0/sum;
    }

    m_chart = new ChartPanel();
    add(m_chart, BorderLayout.CENTER);
  }

  public void setEffectIndex(int effectIndex) {
    m_effectIndex = effectIndex;
    repaint();
  }

  public int getEffectIndex() { return m_effectIndex; }

  public void setStroke(Stroke stroke) {
    m_stroke = stroke;
    m_chart.repaint();
  }

  public void setForegroundImage(Image img) {
    m_foregroundImage = img;
    repaint();
  }

  public Image getForegroundImage() { return m_foregroundImage; }

  public Stroke getStroke() { return m_stroke; }

  public void setGradient(GradientPaint gradient) {
    m_gradient = gradient;
    repaint();
  }

  public GradientPaint getGradient() { return m_gradient; }

  public void setColumnWidth(int columnWidth) {
    m_columnWidth = columnWidth;
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    m_chart.calcDimensions();
    m_chart.repaint();
  }

  public int getColumnWidth() { return m_columnWidth; }

  public void setColumnColor(Color c) { 
    m_columnColor = c;
    m_chart.repaint();
  }

  public Color getColumnColor() { return m_columnColor; }

  public void setLineColor(Color c) {
    m_lineColor = c;
    m_chart.repaint();
  }

  public Color getLineColor() { return m_lineColor; }

  public void setDrawShadow(boolean drawShadow) {
    m_drawShadow = drawShadow;
    m_chart.repaint();
  }

  public boolean getDrawShadow() { return m_drawShadow; }

  class ChartPanel extends JComponent
  {
    int m_xMargin = 5;
    int m_yMargin = 5;
    int m_pieGap = 10;

    int m_x;
    int m_y;
    int m_w;
    int m_h;

    ChartPanel() {
      enableEvents(ComponentEvent.COMPONENT_RESIZED);
    }

    protected void processComponentEvent(ComponentEvent e) {
      calcDimensions();
    }

    public void calcDimensions() {
      Dimension d = getSize();
      m_x = m_xMargin;
      m_y = m_yMargin;
      m_w = d.width-2*m_xMargin;
      m_h = d.height-2*m_yMargin;
      if (m_chartType == CHART_COLUMN) {
        m_x += m_columnWidth/2;
        m_w -= m_columnWidth;
      }
    }

    public int xChartToScreen(int x) {
      return m_x + (x-m_xMin)*m_w/(m_xMax-m_xMin);
    }
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    public int yChartToScreen(int y) {
      return m_y + (m_yMax-y)*m_h/(m_yMax-m_yMin);
    }

    public void paintComponent(Graphics g) {
      int x0 = 0;
      int y0 = 0;
      if (m_chartType != CHART_PIE) {
        g.setColor(Color.black);
        x0 = xChartToScreen(0);
        g.drawLine(x0, m_y, x0, m_y+m_h);
        y0 = yChartToScreen(0);
        g.drawLine(m_x, y0, m_x+m_w, y0);
      }

      Graphics2D g2 = (Graphics2D) g;
      g2.setRenderingHint(RenderingHints.KEY_ANTIALIASING,
        RenderingHints.VALUE_ANTIALIAS_ON);
      g2.setRenderingHint(RenderingHints.KEY_RENDERING,
        RenderingHints.VALUE_RENDER_QUALITY);

      if (m_stroke != null)
        g2.setStroke(m_stroke);

      GeneralPath path = new GeneralPath();
    switch (m_chartType) {

      case CHART_LINE:
        g2.setColor(m_lineColor);
        path.moveTo(xChartToScreen(m_xData[0]), 
          yChartToScreen(m_yData[0]));
        for (int k=1; k<m_nData; k++)
          path.lineTo(xChartToScreen(m_xData[k]),
            yChartToScreen(m_yData[k]));
        g2.draw(path);
        break;

      case CHART_COLUMN:
        for (int k=0; k<m_nData; k++) {
          m_xMax ++;
          int x = xChartToScreen(m_xData[k]);
          int w = m_columnWidth;

    int y1 = yChartToScreen(m_yData[k]);
          int y = Math.min(y0, y1);
          int h = Math.abs(y1 - y0);
          Shape rc = new Rectangle2D.Double(x, y, w, h);
          path.append(rc, false);
          m_xMax --;
        }

        if (m_drawShadow) {
          AffineTransform s0 = new AffineTransform(
            1.0, 0.0, 0.0, -1.0, x0, y0);
          s0.concatenate(AffineTransform.getScaleInstance(
            1.0, 0.5));
          s0.concatenate(AffineTransform.getShearInstance(

 0.5, 0.0));
          s0.concatenate(new AffineTransform(
            1.0, 0.0, 0.0, -1.0, -x0, y0));
          g2.setColor(Color.gray);
          Shape shadow = s0.createTransformedShape(path);
          g2.fill(shadow);
        }
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        if (m_effectIndex==EFFECT_GRADIENT && 
          m_gradient != null) {
          g2.setPaint(m_gradient);
          g2.fill(path);
        }
        else if (m_effectIndex==EFFECT_IMAGE && 
          m_foregroundImage != null)
          fillByImage(g2, path, 0);

 else {
          g2.setColor(m_columnColor);
          g2.fill(path);
        }
        g2.setColor(m_lineColor);
        g2.draw(path);
        break;

      case CHART_PIE:
        double start = 0.0;
        double finish = 0.0;
        int ww = m_w - 2*m_pieGap;
        int hh = m_h - 2*m_pieGap;
        if (m_drawShadow) {
          ww -= m_pieGap;
          hh -= m_pieGap;
        }

        for (int k=0; k<m_nData; k++) {
          finish = start+m_pieData[k];
          double f1 = Math.min(90-start, 90-finish);
          double f2 = Math.max(90-start, 90-finish);
          Shape shp = new Arc2D.Double(m_x, m_y, ww, hh,
            f1, f2-f1, Arc2D.PIE);
          double f = (f1 + f2)/2*Math.PI/180;
          AffineTransform s1 = AffineTransform.
            getTranslateInstance(m_pieGap*Math.cos(f), 

-m_pieGap*Math.sin(f));
          s1.translate(m_pieGap, m_pieGap);
          Shape piece = s1.createTransformedShape(shp);
          path.append(piece, false);
          start = finish;
        }

        if (m_drawShadow) {
          AffineTransform s0 = AffineTransform.
            getTranslateInstance(m_pieGap, m_pieGap);
          g2.setColor(Color.gray);
          Shape shadow = s0.createTransformedShape(path);
          g2.fill(shadow);
        }

        if (m_effectIndex==EFFECT_GRADIENT && m_gradient != null) {
          g2.setPaint(m_gradient);
          g2.fill(path);
        }
        else if (m_effectIndex==EFFECT_IMAGE && 
         m_foregroundImage != null)
          fillByImage(g2, path, 0);
        else {
          g2.setColor(m_columnColor);
          g2.fill(path);
        }
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        g2.setColor(m_lineColor);
        g2.draw(path);
        break;
      }
    }

    protected void fillByImage(Graphics2D g2,
     Shape shape, int xOffset) {
      if (m_foregroundImage == null)
        return;
      int wImg = m_foregroundImage.getWidth(this);
      int hImg = m_foregroundImage.getHeight(this);
      if (wImg <=0 || hImg <= 0)
        return;
      g2.setClip(shape);

Rectangle bounds = shape.getBounds();
      for (int xx = bounds.x+xOffset;
       xx < bounds.x+bounds.width; xx += wImg)
        for (int yy = bounds.y; yy < bounds.y+bounds.height;
         yy += hImg)
          g2.drawImage(m_foregroundImage, xx, yy, this);
    }
  }
}

Understanding the Code

Class Charts2D

Thisclassprovidestheframeencompassing thisexample.Itcreatesan array ofequidistant x-coordinatesand
random y-coordinatesto bedrawn in thecharts.Threeinstancesofourcustom JChart2D class(seebelow)
are created and placed in the frame using a GridLayout. The methods used to provide setup and
initialization for our chart are built into the JChart2D class and will be explained below.

Class JChart2D

Several constants are defined for use as the available chart type and visual effect options:

int CHART_LINE: specifies a line chart.

int CHART_COLUMN: specifies a column chart.

int CHART_PIE: specifies a pie chart.

int EFFECT_PLAIN: use no visual effects (homogeneous chart).

int EFFECT_GRADIENT: use a color gradient to fill the chart.

int EFFECT_IMAGE: use an image to fill the chart.

Several instance variables are defined to hold data used by this class:

JLabel m_title: label used to display a chart's title.

ChartPanel m_chart: custom component used to display a chart's body (see below).

int m_nData: number of points in the chart.

int[] m_xData: array of x-coordinates in the chart.

int[] m_yData: array of y-coordinates in the chart.

int m_xMin: minimum x-coordinate.
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int m_xMax: maximum x-coordinate.

int m_yMin: minimum y-coordinate.

int m_yMax: maximum y-coordinate.

double[] m_pieData: angles for each piece of the pie chart.

int m_chartType: maintains the chart's type (one of the constants listed above).

int m_effectIndex: maintains the chart's effect index (one of the constants listed above).

Stroke m_stroke: stroke instance used to outline the chart.

GradientPaint m_gradient: color gradient used to fill the chart (this only takes effect when
m_effectIndex is set to EFFECT_GRADIENT).

Image m_foregroundImage: image used to fill the chart (this only takes effect when
m_effectIndex is set to EFFECT_IMAGE).

Color m_lineColor: color used to outline the chart.

Color m_columnColor: color used to fill the chart (this only takes effect when m_effectIndex isset
toEFFECT_PLAIN -- this is its default setting).

int m_columnWidth: width of columns in the column chart.

boolean m_drawShadow: flag to draw a shadow for column or pie chart.

Two constructorsareprovided in the JChart2D class.Thefirstonetakes fourparametersand simply calls
thesecond,passingitthegivenparametersandusinganullvalueforafifth.Thissecondconstructoriswhere
aJChart2D is actually created and its five parameters are:

int type: the type of this chart (CHART_LINE,CHART_COLUMN, or CHART_PIE).

int nData: number of data points in this chart.

int[] xData: an array of x-coordinates for this chart (may be null -- this is passed as null from the first 
constructor).

int[] yData: an array of y-coordinates for this chart.

String text: this chart's title.

The constructor validates the input data and initializes all instance variables. In the case of a pie chart, an array,
m_pieData,iscreated,which containssectorswith anglesnormalized to 360 degrees(the sum valueused
here was calculated previous to this code as the sum of all m_yData[] values):

     m_pieData = new double[m_nData];
     for (int k=0; k<m_nData; k++)
       m_pieData[k] = m_yData[k]*360.0/sum;

This chart component extends JPanel and contains two child components managed using a
BorderLayout:JLabel m_title,which displaysthechart'stitlein the NORTH region,and an instance
of our custom ChartPanel component, m_chart, which is placed in the CENTER region.

Therestofthecodeforthisclassconsistsofset/get methodssupporting instancevariablesdeclared in this
class and does not require further explanation.

Class JChart2D.ChartPanel

Thisinnerclassextends JComponent and representsthe custom componentthatisactually responsible for
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rendering our charts. Several instance variables are declared:

int m_xMargin: the left and right margin size of the rendering area.

int m_yMargin: the top and bottom margin size of the rendering area.

int m_pieGap: radial shift for pieces of pie (i.e. spacing between each).

int m_x: left coordinate of the rendering area.

int m_y: top coordinate of the rendering area.

int m_w: width of the rendering area.

int m_h: height of the rendering area.

TheChartPanel constructor enables the processing of component resize events. W hen such an event occurs, 
the processComponentEvent() method triggersa callto calcDimensions() (note thatthisevent
willnormally be generated when ChartPanel is added to a container for the firsttime).This method
retrievesthecurrentcomponent’ssize,calculatesthecoordinatesoftherendering area,and storesthem in the
appropriateinstancevariableslisted above.In thecaseofacolumn chart,weoffsettherendering areaby an
additionalhalfofthecolumnwidth,andthenshrinkitbyafullcolumnwidth.Otherwise,thefirstandthelast
columns will be rendered on top of the chart’s border.

M ethods xChartToScreen() and yChartToScreen() calculate screen coordinates from chart
coordinatesasillustrated in figure 23.2.W e need to scale the chartdata so the chartwilloccupy the entire
component region, taking into account the margins.To get the necessary scaling ratios we divide the
dimensionsofthechartcomponent(minusthemargins)bythedifferencebetween max and min valuesofthe
chart data.These methods are used in rendering the line and column charts because they are based on
coordinate data.The only sizing information the pie chartneeds is m_w and m_h,as itdoes notrely on
coordinate data.

Figure 23.2 Screen coordinates vs. chart coordinates.

<<file figure23-2.gif>>

The paintComponent() m ethod performsthe actualchartrendering.The coordinate axesare drawn first
forline and column charts.Then we castthe Graphics instance to a Graphics2D so we have accessto
Java2D features. As we discussed earlier, we use two rendering hints and assign them with the
setRenderingHint() m ethod: anti-aliasing and the preference to render quality over speed. If the
m_stroke instance variable has been initialized, the Graphics2D stroke attribute is set using the
setStroke() m ethod.The restofthe paintComponent() m ethod isplaced into a switch block with
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casesforeachcharttype.Beforetheswitch block isentered wecreatea GeneralPath which wewilluseto
construct each chart using the methods we described in section 23.1.2.

The line chartisthe simplestcase.Itisdrawn asa broken line through the array ofpointsrepresenting the
chart data. First we start the GeneralPath out by passing thefirstcoordinateofdatausing moveTo().Then
weiteratethrough thechartdataadding linesto thepath using its lineTo() m ethod.Oncewe’vedonethis
we are ready to render it and use the Graphics2D draw() method to do so.

Note:The Java2D APIprovideswaysto draw quadratic and cubic curves passing through 3 and 4 given points
respectively. Unfortunately this functionality is not suitable for drawing a smooth line chart with interpolation. 

The column chart is drawn as a set of vertical bars with a common baseline corresponding to the 0-value of the 
chart,y0 (notethatthisvalueisalwaysincluded in the [m_yMin, m_yMax] interval).The GeneralPath
instance accumulatesthese barsas Rectangle2D.Double instancesusing itsappend() m ethod,passing
false for the  line connection option.

Ifthem_drawShadow flag isset,thenextstep formsand drawsashadow from thesebars,which should be
viewed as standing vertically.AffineTransform s0 is constructed to accomplish this in four steps:

1. Transform from screen coordinates to chart coordinates.

2. Scale y-axis by a factor of 0.5.

3. Shear x-axis by a factor of 1.0.

4. Transform chart coordinates back to screen coordinates.

Assoon asthis AffineTransform isconstructed,we create a corresponding transformed version ofour
path Shape using AffineTransform’screateTransformedShape() m ethod.W ethen setthecurrent
colorto gray and renderitinto the2D graphicscontextusing the fill() m ethod.Finally thesetofbarsis
drawn on the screen.Depending on the m_effectIndex setting we fillthisshape with the gradientcolor,
image (by calling our custom fillByImage() method), or with a solid color.

Thepiechartisdrawn aspiecesofacirclewith acommon center.Thelargerthechart'svalueisforagiven
point,the largerthe corresponding angle of thatpiece is.Foran interesting resemblance with a cutpie,all
piecesareshiftedapartfrom thecommoncenterintheradialdirection.Todraw suchapiewefirstbuildeach
piece by iterating through the chart’s data.Using class Arc2D.Double with its PIE setting provides a
convenientway to build a slice ofpie.W e then translate thisslice away from the pie’scenterin the radial
direction using an AffineTransform and itscreateTransformShape() m ethod.Each resulting shape
is appended to our GeneralPath instance.

Ifthe m_drawShadow flag isset,we form and draw a shadow from these pieces.Since thischartcan be
viewed aslaying on aflatsurface,theshadow hasthesameshapeasthechartitself,butistranslated in the
south-eastdirection.Finallythesetofpiepiecesisdrawn on thescreen using theselected visualeffect.Since
at this point we operate with the chart as a single Shape (remember a GeneralPath is a Shape), the code is 
the same as for the column chart.

Thecustom fillByImage() methodusesthegiven Shape instance’sboundsastheGraphics2D clipping
area, and, in a doubly nested for loop, fills this region using our previously assigned
m_foregroundImage. (Note that the third parametertothismethod,int xOffset,isusedforhorizontal
displacementwhich we do notmake use ofin thisexample.However,we willsee thismethod again in the
next example where we will need this functionality.)

Running the Code
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Figure 23.1 showsourCharts2D application containing three charts:line,column,and pie.Try modifying
thesettingsspecified in Charts2D classto try chartswith variouscombinationsofavailablevisualeffects.
Also try resizing the frame container and note how each chart is scaled accordingly.

OurJChart2D component can easily be plugged into any Swing application. Since we have implemented full 
scalability and correctcoordinate mapping,we have the beginningsofa professionalchartcomponent.The
nextstepwouldbetoaddinformativestringstotheaxisaswellaspiepieces,bars,anddatapointsoftheline
chart.

23.3 Rendering strings
In thissection we'lldemonstrate advantagesofusing Java2D forrendering strings.Thisisespecially useful
forrelatively big fontsused to display titles.The following example introducesa custom labelcomponent
which iscapableofrendering stringswith variousvisualeffects,including such thingsasanimation using an
image, continuously changing foreground color, and outlining.

Figure 23.3 JLabel2Ds w ith various visual effects, and a plain JLabel for com parison.

<<figure23-3.gif>>

The Code: Labels2D.java
see\Chapter23\2

import java.awt.*;
import java.awt.event.*;
import java.awt.font.*;
import java.awt.geom.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;

public class Labels2D extends JFrame 
{
  public Labels2D() {
    super("2D Labels");
    setSize(600, 250);
    getContentPane().setLayout(new GridLayout(6, 1, 5, 5));
    getContentPane().setBackground(Color.white);
    Font bigFont = new Font("Helvetica",Font.BOLD, 24);
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    JLabel2D lbl = new JLabel2D("Simple JLabel2D With Outline",
      JLabel.CENTER);
    lbl.setFont(bigFont);
    lbl.setForeground(Color.blue);
    lbl.setBorder(new LineBorder(Color.black));
    lbl.setBackground(Color.cyan);
    lbl.setOutlineColor(Color.yellow);
    lbl.setStroke(new BasicStroke(5f));
    lbl.setOpaque(true);
    lbl.setShearFactor(0.3);
    getContentPane().add(lbl);

    lbl = new JLabel2D("JLabel2D With Color Gradient", 
      JLabel.CENTER);
    lbl.setFont(bigFont);
    lbl.setOutlineColor(Color.black);
    lbl.setEffectIndex(JLabel2D.EFFECT_GRADIENT);
    GradientPaint gp = new GradientPaint(0, 0, 
      Color.red, 100, 50, Color.blue, true);
    lbl.setGradient(gp);
    getContentPane().add(lbl);

 lbl = new JLabel2D(
      "JLabel2D Filled With Image", JLabel.CENTER);
    lbl.setFont(bigFont);
    lbl.setEffectIndex(JLabel2D.EFFECT_IMAGE);
    ImageIcon icon = new ImageIcon("mars.gif");
    lbl.setForegroundImage(icon.getImage());
    lbl.setOutlineColor(Color.red);
    getContentPane().add(lbl);

    lbl = new JLabel2D("JLabel2D With Image Animation",
      JLabel.CENTER);
    lbl.setFont(bigFont);
    lbl.setEffectIndex(JLabel2D.EFFECT_IMAGE_ANIMATION);
    icon = new ImageIcon("ocean.gif");
    lbl.setForegroundImage(icon.getImage());
    lbl.setOutlineColor(Color.black);
    lbl.startAnimation(300);
    getContentPane().add(lbl);

    lbl = new JLabel2D("JLabel2D With Color Animation",
      JLabel.CENTER);
    lbl.setFont(bigFont);
    lbl.setEffectIndex(JLabel2D.EFFECT_COLOR_ANIMATION);
    lbl.setGradient(gp);
    lbl.setOutlineColor(Color.black);
    lbl.startAnimation(300);
    getContentPane().add(lbl);

    JLabel lbl1 = new JLabel("Plain JLabel For Comparison",
      JLabel.CENTER);
    lbl1.setFont(bigFont);
    lbl1.setForeground(Color.black);
    getContentPane().add(lbl1);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);
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    setVisible(true);
  }

  public static void main(String argv[]) { new Labels2D(); }
}

class JLabel2D extends JLabel
{
  public static final int EFFECT_PLAIN = 0;
  public static final int EFFECT_GRADIENT = 1;
  public static final int EFFECT_IMAGE = 2;
  public static final int EFFECT_IMAGE_ANIMATION = 3;
  public static final int EFFECT_COLOR_ANIMATION = 4;

  protected int m_effectIndex = EFFECT_PLAIN;
  protected double m_shearFactor = 0.0;
  protected Color  m_outlineColor;
  protected Stroke m_stroke;
  protected GradientPaint m_gradient;
  protected Image  m_foregroundImage;
  protected Thread m_animator;
  protected boolean m_isRunning = false;
  protected int m_delay;
  protected int m_xShift;

  public JLabel2D() { super(); }

  public JLabel2D(String text) { super(text); }

  public JLabel2D(String text, int alignment) {
    super(text, alignment);
  }

  public void setEffectIndex(int effectIndex) {
    m_effectIndex = effectIndex;
    repaint();
  }

  public int getEffectIndex() { return m_effectIndex; }

  public void setShearFactor(double shearFactor) {
    m_shearFactor = shearFactor;
    repaint();
  }

  public double getShearFactor() { return m_shearFactor; }

  public void setOutlineColor(Color outline) {
    m_outlineColor = outline;
    repaint();
  }

  public Color getOutlineColor() { return m_outlineColor; }

  public void setStroke(Stroke stroke) {
    m_stroke = stroke;
    repaint();
  }

  public Stroke getStroke() { return m_stroke; }
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  public void setGradient(GradientPaint gradient) {
    m_gradient = gradient;
    repaint();
  }

  public GradientPaint getGradient() { return m_gradient; }

  public void setForegroundImage(Image img) {
    m_foregroundImage = img;
    repaint();
  }

  public Image getForegroundImage() { return m_foregroundImage; }

  public void startAnimation(int delay) {
    if (m_animator != null)
      return;
    m_delay = delay;
    m_xShift = 0;
    m_isRunning = true;
    m_animator = new Thread() {
      double arg = 0;
      public void run() {
        while(m_isRunning) {
          if (m_effectIndex==EFFECT_IMAGE_ANIMATION)
            m_xShift += 10;
          else if (
           m_effectIndex==EFFECT_COLOR_ANIMATION && 
           m_gradient != null) {
            arg += Math.PI/10;
            double cos = Math.cos(arg);
            double f1 = (1+cos)/2;
            double f2 = (1-cos)/2;
            arg = arg % (Math.PI*2);

            Color c1 = m_gradient.getColor1();
            Color c2 = m_gradient.getColor2();
            int r = (int)(c1.getRed()*f1+c2.getRed()*f2);
            r = Math.min(Math.max(r, 0), 255);
            int g = (int)(c1.getGreen()*f1+c2.getGreen()*f2);
            g = Math.min(Math.max(g, 0), 255);
            int b = (int)(c1.getBlue()*f1+c2.getBlue()*f2);
            b = Math.min(Math.max(b, 0), 255);
            setForeground(new Color(r, g, b));
          }
          repaint();
          try { sleep(m_delay); }
          catch (InterruptedException ex) { break; }
        }
      }
    };
    m_animator.start();
  }

  public void stopAnimation() {
    m_isRunning = false;
    m_animator = null;
  }

  public void paintComponent(Graphics g) {
    Dimension d= getSize();
    Insets ins = getInsets();
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    int x = ins.left;
    int y = ins.top;
    int w = d.width-ins.left-ins.right;
    int h = d.height-ins.top-ins.bottom;

    if (isOpaque()) {
      g.setColor(getBackground());
      g.fillRect(0, 0, d.width, d.height);
    }
    paintBorder(g);

    Graphics2D g2 = (Graphics2D) g;
    g2.setRenderingHint(RenderingHints.KEY_ANTIALIASING,
      RenderingHints.VALUE_ANTIALIAS_ON);
    g2.setRenderingHint(RenderingHints.KEY_RENDERING,
      RenderingHints.VALUE_RENDER_QUALITY);

    FontRenderContext frc = g2.getFontRenderContext();
    TextLayout tl = new TextLayout(getText(), getFont(), frc);

    AffineTransform shear = AffineTransform.
      getShearInstance(m_shearFactor, 0.0);
    Shape src = tl.getOutline(shear);
    Rectangle rText = src.getBounds();

    float xText = x - rText.x;
    switch (getHorizontalAlignment()) {
    case CENTER:
      xText = x + (w-rText.width)/2;
      break;
    case RIGHT:
      xText = x + (w-rText.width);
      break;
    }
    float yText = y + h/2 + tl.getAscent()/4;

    AffineTransform shift = AffineTransform.
    getTranslateInstance(xText, yText);

    Shape shp = shift.createTransformedShape(src);

    if (m_outlineColor != null) {
      g2.setColor(m_outlineColor);
      if (m_stroke != null)
        g2.setStroke(m_stroke);
      g2.draw(shp);
    }

    switch (m_effectIndex) {
      case EFFECT_GRADIENT:
        if (m_gradient == null)
          break;
        g2.setPaint(m_gradient);
        g2.fill(shp);
        break;
      case EFFECT_IMAGE:
        fillByImage(g2, shp, 0);
        break;
      case EFFECT_COLOR_ANIMATION:
        g2.setColor(getForeground());
        g2.fill(shp);
        break;
      case EFFECT_IMAGE_ANIMATION:
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        if (m_foregroundImage == null)
          break;
        int wImg = m_foregroundImage.getWidth(this);
        if (m_xShift > wImg)
          m_xShift = 0;
        fillByImage(g2, shp, m_xShift-wImg);
        break;
      default:
        g2.setColor(getForeground());
        g2.fill(shp);
        break;
    }
  }

  // Method fillByImage taken from JChart2D (section 23.2)
}

Understanding the Code

Class Labels2D

This class extends JFrame and provides the main containerforourexample.Its constructorcreates five
instancesofourJLabel2D custom component,and one JLabel used forcomparison.Alllabelsareplaced
in aGridLayout containing onecolumn,and each usesthesamefont.Varioussettingsareused to render
these custom labels, as defined in our JLabel2D class:

Thefirstlabelusesborderand background settingsto demonstratethatthey can beused thesame way as
with any otherSwing components.(Note thatwe stillhave to setthe opaque property to true forthe
backgroundtobefilled.)The outlineColor and stroke propertiesaresetto outlinethelabel'stext.
Finally the shearFactor property is set to make the text lean to the left.

The second label uses a GradientPaint instance (using red and blue colors) to fill the text's interior.

The third label uses an image to fill the text's interior.

Thefourthlabelusesanimagetofillthetext'sinteriorwithanimationofthatimage(cyclicalshiftingofthe
image in the horizontal direction).

The fifth labeluses the same GradientPaint as the second one,butto produce an effectofcolor
animation (a solid foreground color which is changed cyclically).

The sixth label is a plain JLabel component without any special effects.

Class JLabel2D

This class extends JLabel and provides various visualeffects in textrendering.Constants are defined
representing each available type of visual effect:

int EFFECT_PLAIN: no special effects used.

int EFFECT_GRADIENT: use gradient painting of the text's foreground.

int EFFECT_IMAGE: use an image to fill the text's foreground.

int EFFECT_IMAGE_ANIMATION: use a moving image to fill the text's foreground.

int EFFECT_COLOR_ANIMATION: use a cyclically changing color to fill the text's foreground.

Several instance variables are needed to hold data used by this class:

int m_effectIndex: type of the current effect used to render the text (defaults to EFFECT_PLAIN).

double m_shearFactor:shearing factordetermining how thetextwilllean (positive:lean to theleft;
negative: lean to the right).
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Color m_outlineColor: color used to outline the text.

Stroke m_stroke: stroke instance used to outline the text.

GradientPaint m_gradient: color gradient used to fill the text (this only takes effect when
m_effectIndex is set to EFFECT_GRADIENT).

Image m_foregroundImage: image used to fill the text (this only takeseffectwhen m_effectIndex
is set to EFFECT_IMAGE).

Thread m_animator: thread which produces animation and color cycling.

boolean m_isRunning:true if the m_animator thread is running, false otherwise.

int m_delay: delay time in ms which determines the speed of animation.

int m_xShift: the current image offset in the horizontal direction (this only takes effect when
m_effectIndex is set to EFFECT_IMAGE_ANIMATION).

There are three JLabel2D constructors,and each callsthe corresponding superclass (JLabel)constructor.
This class also defines several self-explanatoryset/get accessors for our instance variables listed above.

The startAnimation() method startsourm_animator thread which executesevery m_delay m s.In
thecaseofimageanimation,thisthread periodically increasesourm_xShift variablewhich isused in the
rendering routinebelow asan offset.Depending on how smooth we wantouranimation we can increase or
decrease thisshiftvalue.Increasing itwould give the appearance ofspeeding up the animation butwould
make it jumpier. Decreasing it would slow it down but it would appear much smoother. 

In the case ofcoloranimation,the startAnimation() m ethod determinesthe two colorsofthe current
m_gradient,and calculatesan intermediatecolorby ‘drawing’ acosinecurvebetween thered,green,and
bluecomponentsofthesecolors.Localvariablearg isincremented by Math.PI/10 each iteration.W etake
the cosine of this value and calculate two new values, f1 and f2, based on this result:

    arg += Math.PI/10;
    double cos = Math.cos(arg);
    double f1 = (1+cos)/2;
    double f2 = (1-cos)/2;
    arg = arg % (Math.PI*2);

f1 and f2 willalways sum to 1,and because arg is incremented by Math.PI/10,we willobtain a
consistent cycle of 20 different combinations of f1 and f2 as shown below.

arg f1 f2
0.3141592653589793 0.9755282581475768 0.024471741852423234
0.6283185307179586 0.9045084971874737 0.09549150281252627
0.9424777960769379 0.7938926261462366 0.20610737385376343
1.2566370614359172 0.6545084971874737 0.3454915028125263
1.5707963267948966 0.5 0.49999999999999994
1.8849555921538759 0.34549150281252633 0.6545084971874737
2.199114857512855 0.20610737385376346 0.7938926261462365
2.5132741228718345 0.09549150281252632 0.9045084971874737
2.827433388230814 0.02447174185242323 0.9755282581475768
3.141592653589793 0.0 1.0
3.4557519189487724 0.024471741852423193 0.9755282581475768
3.7699111843077517 0.09549150281252625 0.9045084971874737
4.084070449666731 0.20610737385376338 0.7938926261462367
4.39822971502571 0.3454915028125262 0.6545084971874737
4.71238898038469 0.4999999999999999 0.5000000000000001
5.026548245743669 0.6545084971874736 0.3454915028125264
5.340707511102648 0.7938926261462365 0.20610737385376354
5.654866776461628 0.9045084971874736 0.09549150281252633
5.969026041820607 0.9755282581475767 0.024471741852423234
0.0 1.0 0.0
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W e then use f1 and f2 asfactorsfordetermininghow muchofthered,green,andbluecomponentofeachof
the gradient’s colors to use for the foreground image:

    Color c1 = m_gradient.getColor1();
    Color c2 = m_gradient.getColor2();
    int r = (int)(c1.getRed()*f1+c2.getRed()*f2);
    r = Math.min(Math.max(r, 0), 255);
    int g = (int)(c1.getGreen()*f1+c2.getGreen()*f2);
    g = Math.min(Math.max(g, 0), 255);
    int b = (int)(c1.getBlue()*f1+c2.getBlue()*f2);
    b = Math.min(Math.max(b, 0), 255);
    setForeground(new Color(r, g, b));

This gives us 20distinctcolors.W ecanalwaysincreaseordecreasethiscountbyincreasingordecreasingthe
denominator of arg respectively (e.g. arg = Math.PI/20 will give 40 distinct colors, and arg =
Math.PI/5 will give 10 distinct colors).

The paintComponent() m ethod firstcalculatesthe coordinatesofthe area available forrendering.Since
weavoid thecallto super.paintComponent() weareresponsibleforfilling thebackground and border
ourselves.So we firstcheck the opaque property (inherited from JLabel)and,ifitis setto true,the
background ispainted manually by filling the component’savailable region with itsbackground color.W e
then call the paintBorder() method to render the border (if any) around the component.

ThentheGraphics parameteriscastto aGraphics2D instanceto obtain accessto Java2D features.Aswe
discussed above,two rendering hintsare specified using the setRenderingHint() m ethod:anti-aliasing
and the priority of quality over speed (see 23.1.10).

A FontRenderContext instance is retrieved from the Graphics2D context and used to create a
TextLayout instance using our label’s text (refer back to 23.1.13 and 23.1.14). TextLayout’s
getOutline() method retrieves a Shape which outlines the given text. This method takes an
AffineTransform instance as an optionalparameter.W e use this parameter to shear the text(if our
m_shearFactor property is set to a non-zero value).

W ethen calculatethelocation ofthetextdepending on thehorizontalalignmentofourlabel(center,orright;
leftneedsno specialhandling).The y-coordinateofthetext'sbaselineiscalculated using thetop margin,y,
theheightover2,h/2,and theascentover4,tl.getAscent()/4 (see Figure 23.4). W hy ascent/4? See
chapter 2, section 2.8.3 for an explanation.

    float yText = y + h/2 + tl.getAscent()/4;

Figure 23.4 Vertical positioning of the label text.

<<figure23-4.gif>>

W e then create an AffineTransform for translation to the calculated position. The
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createTransformedShape() method isthen used to geta Shape representing theoutlineofthetextat
that position.

Ifthem_outlineColor property isset,wedraw thetext'soutlineusing thatcolorand theassigned stroke
instance,m_stroke (if set). The rest of the code fills the interior of the text'sShape we retrieved above using 
the specified visual effect:

ForEFFECT_GRADIENT we use a GradientPaint instance to fill the interior.

ForEFFECT_IMAGE we use our fillByImage() method to fill the interior with the specified image.

ForEFFECT_COLOR_ANIMATION we simply fillthe interiorwith the foreground color(which changes
cyclically in the animation thread).

ForEFFECT_IMAGE_ANIMATION we use our fillByImage() method with the shift parameter (which 
is periodically incremented by the animation thread).

ForEFFECT_PLAIN we simply fill the interior with the foreground color.

Running the Code

Figure 23.3 shows our JLabel2D demo application in action.You can modify the settings of each label
specified in the Labels2D class to try out differentcombinationsofavailablevisualeffects.Tryoutdifferent
animation speedsand note how itaffectsthe performance ofthe application.Choosing too smallofa delay
may virtually freezethe application.W emightconsiderenforcing alowerbound to ensurethatthisdoesnot
happen.

Note that our JLabel2D component can be easily plugged into any Swing application and used by
developers without specific knowledge of Java2D.

23.4 Rendering images
In thissection we'lldemonstratetheadvantagesofusing Java2D forrendering imagesand having somefun.
The following example is a simple implementation of the well-known Pac-man arcade game.W e have
designeditsuchthatcreatingcustom levelsisvery simple,andcustomizingtheappearanceisonlyamatterof
building new 20x20 images (you can also change the size ofthe game’s cells to accommodate images of
differentdimensions).Though there are no monsters,levelchanges,orsounds,these features are ready and
waiting to beimplemented by theinspired Pac-man enthusiast.W ehopeto provideyou with asolid baseto
startfrom.Otherwise,ifyou’ve made itthisfarthrough the book withoutskipping any material,you surely
deserve a Pac-man break.
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Figure 23.5 Gam e2D w ith Pac-m an in action.

<<figure23-5.gif>>

The Code: Gam e2D.java
see\Chapter23\3

import java.awt.*;
import java.awt.event.*;
import java.awt.image.*;
import java.awt.geom.*;
import java.util.*;

import javax.swing.*;
import javax.swing.border.*;

public class Game2D extends JFrame 
{
  public Game2D() {
    super("2D Game");
    getContentPane().setLayout(new BorderLayout());

    PacMan2D field = new PacMan2D(this);
    getContentPane().add(field, BorderLayout.CENTER);

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };
    addWindowListener(wndCloser);
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    pack(); // no pun intended
    setResizable(false);
    setVisible(true);
  }

  public static void main(String argv[]) { new Game2D(); }
}

class PacMan2D extends JPanel
{
  static final int N_IMG = 4;
  static final int X_CELL = 20;
  static final int Y_CELL = 20;
  static final int N_STEP = 10;
  static final double STEP = 0.1f;

  protected int m_nx;
  protected int m_ny;
  protected int[][] m_flags;
  protected double m_creatureX = 0;
  protected double m_creatureY = 0;
  protected int m_posX = 0;
  protected int m_posY = 0;
  protected int m_creatureVx = 1;
  protected int m_creatureVy = 0;
  protected int m_creatureDir = 0;
  protected int m_creatureInd = 0;
  protected int m_creatureNewVx = 1;
  protected int m_creatureNewVy = 0;
  protected int m_creatureNewDir = 0;

  protected String[] m_data = {
    "00000000000000000000",    // 0
    "00110000001000000000",    // 1
    "00010000001000000000",    // 2
    "00000000001011111100",    // 3
    "00110000010000111111",    // 4
    "00001000000000000000",    // 5
    "00000100001100011000",    // 6
    "00010000001000000011",    // 7

 "00000000111011110010",    // 8
    "01000100001000010010",    // 9
    "00000000000000000000",    // 10
    "00000010001111100100",    // 11
    "00011010000000000100",    // 12
    "00000000011111000100",    // 13
    "00001111100000000110",    // 14
  "00000000000000000010",    // 15

    "00000000001111000010",    // 16
    "00000000000001111010",    // 17
    "00011100000000011100",    // 18
    "00000111100000000000" };  // 19

  protected Image m_wallImage;
  protected Image m_ballImage;
  protected Image[][] m_creature;
  protected Thread m_runner;
  protected JFrame m_parent;

  public PacMan2D(JFrame parent) {
    setBackground(Color.black);
    m_parent = parent;
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    AffineTransform[] at = new AffineTransform[3];
    at[0] = new AffineTransform(0, 1, -1, 0, Y_CELL, 0);
    at[1] = new AffineTransform(-1, 0, 0, 1, X_CELL, 0);
    at[2] = new AffineTransform(0, -1, -1, 0, Y_CELL, X_CELL);

    ImageIcon icon = new ImageIcon("wall.gif");
    m_wallImage = icon.getImage();
    icon = new ImageIcon("ball.gif");
    m_ballImage = icon.getImage();
    m_creature = new Image[N_IMG][4];
    for (int k=0; k<N_IMG; k++) {
      int kk = k + 1;
      icon = new ImageIcon("creature"+kk+".gif");
      m_creature[k][0] = icon.getImage();

      for (int d=0; d<3; d++) {
        BufferedImage bi = new BufferedImage(X_CELL, Y_CELL, 
          BufferedImage.TYPE_INT_RGB);
        Graphics2D g2 = bi.createGraphics();
        g2.drawImage(m_creature[k][0], at[d], this);
        m_creature[k][d+1] = bi;
      }
    }

    m_nx = m_data[0].length();
    m_ny = m_data.length;
    m_flags = new int[m_ny][m_nx];
    for (int i=0; i<m_ny; i++)
    for (int j=0; j<m_nx; j++)
      m_flags[i][j] = (m_data[i].charAt(j)=='0' ? 0 : 1);

    m_runner = new Thread() {
      public void run() {
        m_flags[m_posY][m_posX] = -1;

        while (!m_parent.isShowing())
          try { sleep(150); } 
          catch (InterruptedException ex) { return; }

        while (true) {
          m_creatureVx = m_creatureNewVx;
          m_creatureVy = m_creatureNewVy;
          m_creatureDir = m_creatureNewDir;
          int j = m_posX+m_creatureVx;
          int i = m_posY+m_creatureVy;
          if (j >=0 && j < m_nx && i >= 0 && i < m_ny && 
           m_flags[i][j] != 1) {
            for (int k=0; k<N_STEP; k++) {
              m_creatureX += STEP*m_creatureVx;
              m_creatureY += STEP*m_creatureVy;
              m_creatureInd++;
              m_creatureInd = m_creatureInd % N_IMG;
              final int x = (int)(m_creatureX*X_CELL);
              final int y = (int)(m_creatureY*Y_CELL);
              Runnable painter = new Runnable() {
                public void run() {
                  PacMan2D.this.paintImmediately(
                    x-1, y-1, X_CELL+3, Y_CELL+3);

         }
              };
              try {
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                SwingUtilities.invokeAndWait(painter);
              } catch (Exception e) {}
              try { sleep(40); }
              catch (InterruptedException ex) { break; }
            }

  if (m_flags[i][j] == 0)
              m_flags[i][j] = -1;
            m_posX += m_creatureVx;
            m_posY += m_creatureVy;
            m_creatureX = m_posX;
            m_creatureY = m_posY;
          }
          else
            try { sleep(150); } 
            catch (InterruptedException ex) { break; }
        }
      }
    };
    m_runner.start();

    KeyAdapter lst = new KeyAdapter() {
      public void keyPressed(KeyEvent e) {
        switch (e.getKeyCode()) {
          case KeyEvent.VK_RIGHT:
            m_creatureNewVx = 1;
            m_creatureNewVy = 0;
            m_creatureNewDir = 0;
            break;
          case KeyEvent.VK_DOWN:
            m_creatureNewVx = 0;
            m_creatureNewVy = 1;
            m_creatureNewDir = 1;
          break;

          case KeyEvent.VK_LEFT:
            m_creatureNewVx = -1;
            m_creatureNewVy = 0;
            m_creatureNewDir = 2;
            break;
          case KeyEvent.VK_UP:
            m_creatureNewVx = 0;
            m_creatureNewVy = -1;
            m_creatureNewDir = 3;
            break;
        }
      }
    };
    parent.addKeyListener(lst);
  }

  public Dimension getPreferredSize() {
    return new Dimension(m_nx*X_CELL, m_ny*Y_CELL);
  }

  public Dimension getMaximumSize() {
    return getPreferredSize();
  }

  public Dimension getMinimumSize() {
    return getPreferredSize();
  }

  public void paintComponent(Graphics g) {
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    Graphics2D g2 = (Graphics2D) g;
    g2.setRenderingHint(RenderingHints.KEY_ANTIALIASING,

  RenderingHints.VALUE_ANTIALIAS_ON);
    g2.setRenderingHint(RenderingHints.KEY_RENDERING,
      RenderingHints.VALUE_RENDER_QUALITY);

    g2.setColor(getBackground());
    g2.fill(g.getClip());

    int x, y;
    for (int i=0; i<m_ny; i++)
    for (int j=0; j<m_nx; j++) {
      x = j*X_CELL;
      y = i*Y_CELL;
      if (m_flags[i][j] == 1)
        g2.drawImage(m_wallImage, x, y, this);
      else if (m_flags[i][j] == 0)
        g2.drawImage(m_ballImage, x, y, this);
    }

    x = (int)(m_creatureX*X_CELL);
    y = (int)(m_creatureY*Y_CELL);
    g2.drawImage(
      m_creature[m_creatureInd][m_creatureDir], x, y, this);
  }
}

Understanding the Code

Class Game2D

This class merely creates a JFrame and places an instance of our PacMan2D component in it. 

Class PacM an2D

This component represents a simple Pac-man implementation. Several class constants are defined:

int N_IMG: number of slides to produce animation of moving Pac-man.

int X_CELL: horizontal size of a cell in the arcade.

int Y_CELL: vertical size of a cell in the arcade.

int N_STEP: number of steps used to produce smooth movement from one cell to another.

double STEP: the length of one step (in terms of cells).

Instance variables:

int m_nx: number of cell columns in a level.

int m_ny: number of cell rows in a level.

int[][] m_flags: two-dimensional array describing the current state of each cell.

double m_creatureX:current x-coordinateofPac-man in termsofcells.M ay befractionalbecauseof
smooth motion.

double m_creatureY: current y-coordinate of Pac-man in terms of cells.

int m_posX: current x-coordinate of the cell in which Pac-man resides.

int m_posY: current y-coordinate of the cell in which Pac-man resides.

int m_creatureVx: current x-component of Pac-man’s velocity (may be 1, 0, or -1).
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int m_creatureVy: current y-component of Pac-man’s velocity (may be 1, 0, or -1).

int m_creatureDir: currentdirectionofPac-man’smotion(0-east, 1-south, 2-west, 3-north).Usedfor
quick selection of the proper image from our m_creature 2D array (see below).

int m_creatureInd: the index of the current slide in Pac-man’s animation.

int m_creatureNewVx:a new value form_creatureVx (assigned by the playervia keyboard,but
notyet accepted by the game).

int m_creatureNewVy: a new value for m_creatureVy.

int m_creatureNewDir: a new value for m_creatureDir.

String[] m_data: an array of Strings which determine the location of walls in a level.

Image m_wallImage: an image of a wall occupying one cell.

Image m_ballImage: an image of a pellet (to be eaten by Pac-man) occupying one cell.

Image[][] m_creature: 2D array of Pac-man images.

Thread m_runner: the thread which runs this game.

The constructor of PacMan2D performs all necessary initialization. First we create three
AffineTransforms to be used for flipping our Pac-man images:

    AffineTransform[] at = new AffineTransform[3];
    at[0] = new AffineTransform(0, 1, -1, 0, Y_CELL, 0);
    at[1] = new AffineTransform(-1, 0, 0, 1, X_CELL, 0);
    at[2] = new AffineTransform(0, -1, -1, 0, Y_CELL, X_CELL);

Then,weread in ourwalland ballimages,and createa2D array ofPac-man’simages.Thefirstrow in this
array is filled with animated slide images ofPac-man read from fourprepared image files.Each ofthese
imagesrepresentsPac-man facing eastin oneof hischomping positions.Thenextthreerowsarefilled with
the same images, but each are transformed to face south (second row), west (third row), and north (fourth row). 
These flipped images are created in three steps:

Create an emptyBufferedImage instance the size of the original image.

Retrieve its Graphics2D context to draw into that image.

Usetheoverloaded drawImage() methodtousean AffineTransform instance(preparedabove)asa
parameter and render the transformed image.

Each resulting image is stored in our m_creature array.

Theconfiguration ofthegame’slevelisencoded in the m_data String array:'0'characterscorrespond to
pellets,'1'characterscorrespond to walls.Thisinformation isthen parsed and stored in the m_flags array.
Thus, the size of the m_data array also determines the size of the level (the product of m_nx and m_ny).

Note:Them_data String array can be easily modified to produce a new level.W e also can easily modify the
program to read thisinformation from an externalfile.Thesefeatureswould benaturalenhancementsto make
if we were to expand upon this game.

Thethread m_runner representstheengineofthisgame.First,itwaitswhiletheparentframeisshown on
the screen (otherwise wild visual effects may appear). The endless while loop manages Pac-man’s movement 
on thescreen.Thedirection ofPac-man’smotion may havebeen changed by theusersincethelastcycle,so
we reassign three parameterswhich determine thatdirection from storage variables (m_creatureVx from
m_creatureNewVx etc.). This insures that Pac-man’s direction will not change in the middle of a cycle.
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W e then calculate the coordinates of the next cell i and j Pac-man will visit. If these coordinates lie inside the 
level and do not correspond to a wall cell (a 1), we smoothly move Pac-man to the new position. Otherwise we 
wait until the user provides a new direction.

The movementofPac-man from the currentcellto a new one issplitinto N_STEP steps.On each step we
determine the fractional coordinates, m_creatureX and m_creatureY (in cell units). Then we call
paintImmediately() to redraw aportion ofthelevelsurrounding Pac-man’scurrentlocation,and pause
for 40 ms:

        final int x = (int)(m_creatureX*X_CELL);
        final int y = (int)(m_creatureY*Y_CELL);
        Runnable painter = new Runnable() {
          public void run() {
            PacMan2D.this.paintImmediately(
              x-1, y-1, X_CELL+3, Y_CELL+3);
          }
        };
        try {
          SwingUtilities.invokeAndWait(painter);
        } catch (Exception e) {}
        try { sleep(40); }
        catch (InterruptedException ex) { break; }

ThepaintImmediately() m ethodcanbeusedtoforceveryquickrepaintsbutshouldonlybecalled from
within the AW T eventdispatching thread.Additionally,because we do notwantany other painting or
movementto occurwhile thispainttakesplace,we wrap the callin a Runnable and send itto the event
queue with invokeAndWait() (referback to chapter2 fora discussion ofpainting and multithreading
issues).

W hen the creature's relocation is over, we eat a pellet (by setting the m_flags arrayelementcorrespondingto
the current cell to -1) and adjust Pac-man’s coordinate variables.

To listen for the user's keyboard activity we create a KeyAdapter instance and add it to the parent
component.ThisKeyAdapter processesarrow keys(up,down,left,andright)andassignsnew valuestothe
m_creatureNewVx,m_creatureNewVy,and m_creatureNewDir variables accordingly.The program
flow isnotinterrupted,thesenew valueswillberequested only on thenextthread cycleasdiscussed above.
Note that if the keypads are pressed too fast, only the last typed value will affect the Pac-man’s direction.

ThegetPreferredSize() m ethod determinesthesizeofthelevel,which issimply based on thenumber
andsizeofcells.FinallythepaintComponent() m ethod isresponsibleforrendering thewholegame.This
processisrelatively simple:werenderthelevelusing two images(walland ball)and draw Pac-man’simage
(taken from our 2D m_creature array) in the proper location.

Running the Code

Figure23.5 showsPac-man in action.Try thegameand havesomefun.Experimentwith modifying thelevel
and iconsforthe wall,ball,and Pac-man himself. Ifyou like thisexample,you mightgo furtherand add
monsters, score, sound effects, various levels and level changing, and other full-featured game characteristics.
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Chapter 24. Accessibility
In this chapter:

• Java 2 Accessibility API overview

• Following accessibility guidelines

• Accessibility support for custom components

24.1 Java 2 Accessibility API overview
W hen developing an application,itisimportantto keep in mind thatmany ofit'susersmay be disabled to
somedegree.Disabilitiescanrangeanywherefrom poorvisiontoblindness,hearingimparedtodeafness,ora
physicalinability to useastandard inputdevicesuch asamouseorkeyboard.M any oftheseusers m ay often
rely on special devices plugged into the computer to help offset specific disabilities. Some of these devices can 
substitute printed textwith audio output,ease keyboard inputorpoint-and-click functionality,perform large
scalescreenmagnification,etc.Todotheirjobcorrectly,mostofthesedevicesneedto find connectionpoints
within applications, and substitute some of the original functionality with accessible variations.

Java offerssetsofclassesand interfacesto provide the needed connection pointsforsuch specialdevices.
These are referred to as assistive technologies,and are normally packages in a JAR archive.Java loads
assistive technologies when the VM is started by looking for special entries in a file called
accessibility.properties located in the jdk1.2\jre\lib directory. W e will discuss how to use this file below.

24.1.1 Implementing accessibile applications

Fortunately,Swing providesan extremely rich APIforaccessibility needs.IfweuseSwing "asis",thereare
onlya few simple things we need to do in order to provide an accessible interface for assistive technologies: 

Use tooltips to provide a textdescription of a component's purpose.The tooltip textmay be used by
accessible devices to provide a description of that component.

Enable keyboard access. Ideally, all functionality should be available without using the mouse. Use
mnemonics for buttons and menus, set keyboard accelerators in menus.

Associatelabelswithcomponents.Bysettingboththe displayedMnemonic and labelFor properties,a
label will transfer focus to the specified component with the labelFor property when the
displayedMnemonic is activated (i.e. when ALT + mnemonic character is pressed).

Logically group components with labels refering to each when necessary.

Throughoutthisbookwehaveadheredtomostoftheseruleswithoutexplicitlybeingawarethatwewerealso
building accessible-compliant applications.Let's review a bit more about the association of labels with
components. Consider the following code:

    JPanel p = new JPanel();
    p.add(new JLabel("IP address:"));
    JTextField user = new JTextField();
    p.add(user);

Tomake this code accessible we would need to associate the label with the text field above as follows:

    JPanel p = new JPanel();
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    JLabel lbl = new JLabel("IP address:");
    lbl.setDisplayedMnemonic('n');
    p.add(lbl);
    JTextField user = new JTextField();
    user.setToolTipText("IP address");
    lbl.setLabelFor(user);
    p.add(user);

The changes made should be familiar and are relatively simple.First,the setDisplayedMnemonic()
method assignsamnemoniccharacterto thelabelcomponent(thischaracterwillbeunderlined in thelabelif
the label’s textcontains thatcharacter).Second,a tooltip textis assigned to the textfield to provide an
accessible text description. Finally, the setLabelFor() method is called to associate the text field
componentwith thelabel.W hen themnemonicisactivated,thelabelwillnotify thetextfield to requestthe
focus.

Note: As we've mentioned in chapter 19, due to a Swing bug or oversite, a mnemonic character will be passed to the 
textfield asinput.W ewillnotconcentrateon aworkaround in thischapter,assuming thatitwillbefixed in
future Swing releases.

Reference:To find outmore aboutwriting accessible Java applications,we refer you to IBM ’s guidelines at
http://www.austin.ibm.com/sns/access.html.

Java 2 shipswith the javax.accessibility package,which includesclassesand interfacesconstituting
theJavaAccessibility API.In theremainderofthissection we'llgiveabriefintroduction to someofitsmost
important constituents.

Note:You may notneed to explicitly use this package in your Swing application.Almostallof Swing has
accessibile functionaliy built into it.

24.1.3 The Accessible interface

abstract interface javax.accessibility.Accessible

This interface must be implemented by all Java classes designed to support accessibility. All Swing
components implement this interface either directly or indirectly. It declares only one method,
getAccessibleContext(), which returns an instance of AccessibleContext (see below).

24.1.4 AccessibleContext

abstract class javax.accessibility.AccessibleContext

Thisclassprovidestheminimum information allaccessibleobjectsshould expose.Thisinformation includes
the accessible:name,description,role,and state ofthe object,aswellasinformation aboutthe parentand
children oftheobject.To obtain morespecificaccessibility information aboutacomponentthisclassexposes
methods to retrieve the  instances of interfaces defined in the accessibility package (see below).

Typically Swing components define an inner class which extends AccessibleContext and provides
information specific to that component. For instance, JComponent provides the inner class
AccessibleJComponent,JComboBox provides AccessibleJComboBox etc.
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24.1.5 AccessibleRole

class javax.accessibility.AccessibleRole

Thisclassdefinesseveralstaticconstantsused in providing information abouttheroleaparticularcomponent
plays in an application.Normally the getAccessibleRole() method of AccessibleContext will
return one of these constants.

24.1.6 The AccessibleAction interface

abstract interface javax.accessibility.AccessibleAction

This interface declares methods to perform one or more accessible actions,retrieve descriptions ofthese
actions, and find out exactly how many actions have been exposed to assistive technologies. 

int getAccessibleActionCount(): returns the number of actions exposed through the
doAccessibleAction() method.

String getAccessibleActionDescription(int i):should be defined to return a description of
the code executed by doAccessibleAction() based on the given index.

boolean doAccessibleAction(int i):W henimplementingthisinterfaceweareexpectedtodefine
code to be executed based on a given index.Normally this is involves invoking eventhandling code
definedforaspecificcomponent,however,thereisnothing stopping usfrom definingaccessible-specific
codehere.Itshould return aboolean valuerepresenting whetherornotthegiven index correspondsto a
valid action.

24.1.7 The AccessibleComponent interface

abstract interface javax.accessibility.AccessibleComponent

Thisinterface should be supported by any accessible componentthatis rendered to a graphicalcontext.It
providesthe standard mechanism foran assistive technology to determine and assign certain aspectsofthe
graphicalrepresentation ofthatcomponent.M ostmethodswillcallthe corresponding component’smethods
where applicable.(Note thatno painting methodsare membersofthisinterface because we are expected to
define our own look-and-feel if a more customized view is desired.)

24.1.8 The AccessibleHypertext interface

abstract interface javax.accessibility.AccessibleHypertext

Thisinterface providesstandard mechanismsfordetermining and manipulating hyperlinkswith an assistive
technology. Normally only text components will provide implementations of this interface, however, anyother
component supporting hypertext may do the same.

24.1.9 The AccessibleSelection interface

abstract interface javax.accessibility.AccessibleSelection

This interface should be implemented by any accessible componentthathas selectable children,whether
individually or in groups, such as trees, tables, lists, tabbed panes, menu bars, etc.
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24.1.10 The AccessibleText interface

abstract interface javax.accessibility.AccessibleText

Thisinterfaceshould beimplemented by any accessibletextcomponent,and isintended to provideaccessto
that component’s document content and attributes (where applicable).

24.1.11 The AccessibleValue interface

abstract interface javax.accessibility.AccessibleValue

Thisinterface should be implemented by any accessible componentthatsupportsa numericalvalue (e.g.a
scrollbar).Itisintendedtobeusedbyanassistivetechnologytodetermineandassign current,minimum,and
maximum values.

24.1.12 Accessibility Utilities

In orderto provide accessibility compliance between an application and an assistive technology,we cannot
just rely on our use of the accessibility package.W e also require supportfor locating the objects that
implementaccessibilityfunctionality,aswellassupportforloadingassistivetechnologiesintothe Javavirtual
machine and tracking allevents sentto the system eventqueue.Forthese reasons,Sun provides the Java
Accessibility Utilities which can be downloaded from the JavaSoftweb site.Along with utility classes to
perform theseservices,asetofsampleapplicationsisincludedwhichcanbeusedtotestanddebugaccessible
Java programs. These applications are capable of linking with the system event queue and displaying
information about selected types of events.

The Java Accessibility Utilities package is an assistive technology itself.To installitwe mustplace the
jaccess.jar and jaccess-examples.jarfiles into our jdk1.2\jre\lib\ext directory. 

To use one ofits assistive-technology examples,we need to include a string such as the following in our
accessibility.properties file:

    assistive_technologies=Explorer

Thiswillcause the Explorerutility to starteach time we starta new JVM .(Note thatifthisfile does not
already exits we mustcreate itourselves.) In the examples below we assume thatyou have enabled the
Explorer utility, and it is shown in the corresponding example figures.

Reference:A detailed description oftheJavaAccessibility Utilitiesliesbeyond thescopeofthisbook.Pleasesee
http://java.sun.com/products/jfc/jaccess-1.2/doc/guide.htmlformore information.

Note:Accessibility Utilitiescan beused by any Javaapplication to monitorthecontentofthesystem eventqueue
for debugging purposes.

24.2 Following accessibility guidelines
Let'stakealook athow theguidelinesforwriting an accessibleapplication can befully adhered to in oneof
ourpreviousexamples:theFTP Clientapplicationfrom chapter13.Asyou willsee,only minorchangesneed
to be made for full compliance.
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Figure 24.1 FTP Client application w ith added accessibility support, and m onitored using the Explorer utility.

<<file figure24-1.gif>>

The Code: Access1.java
see\Chapter24\1

// Unchanged imports from section 13.5

public class Access1 extends JFrame 
{
  // Unchanged code from section 13.5

  public Access1()
  {
    super("FTP Client [Accessible]");
    getContentPane().setLayout(new BorderLayout());

    JPanel p = new JPanel();
    p.setLayout(new DialogLayout2(10, 5));
    p.setBorder(new EmptyBorder(5, 5, 5, 5));

    JLabel lbl = new JLabel("User name:");
    lbl.setDisplayedMnemonic('n');
    p.add(lbl);
    m_txtUser = new JTextField("anonymous");
    m_txtUser.setToolTipText("User name");
    p.add(m_txtUser);
    lbl.setLabelFor(m_txtUser);

    lbl = new JLabel("Password:");
    lbl.setDisplayedMnemonic('p');
    p.add(lbl);
    m_txtPassword = new JPasswordField();
    m_txtPassword.setToolTipText("Password");
    p.add(m_txtPassword);
    lbl.setLabelFor(m_txtPassword);

    lbl = new JLabel("URL:");
    lbl.setDisplayedMnemonic('u');
    p.add(lbl);
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    m_txtURL = new JTextField();
    m_txtURL.setToolTipText("URL");
    p.add(m_txtURL);
    lbl.setLabelFor(m_txtURL);

    lbl = new JLabel("File:");
    lbl.setDisplayedMnemonic('l');
    p.add(lbl);
    m_txtFile = new JTextField();
    m_txtFile.setToolTipText("File");
    p.add(m_txtFile);
    lbl.setLabelFor(m_txtFile);

    // Unchanged code from section 13.5

    p.add(new DialogSeparator());
    m_btPut = new JButton("Put");
    m_btPut.setToolTipText("Upload file");
    // Unchanged code from section 13.5
    p.add(m_btPut);

    m_btGet = new JButton("Get");
    m_btGet.setToolTipText("Download file");
    // Unchanged code from section 13.5
    p.add(m_btGet);

    m_btFile = new JButton("File");
    m_btFile.setToolTipText("Select file");
    // Unchanged code from section 13.5
    p.add(m_btFile);

    m_btClose = new JButton("Close");
    m_btClose.setToolTipText("Quit application");
    // Unchanged code from section 13.5
    p.add(m_btClose);

    // Unchanged from section 13.5

Understanding the Code

Class Access1

Compared to theexamplein chapter13 wehavemadesomeavery minoramountofchanges,and thosewe
did make are quite simple.Alllabelsreceive a displayedMnemonic property and are associated with the
corresponding text fields using the setLabelFor() method. W e’ve also added tooltip text for each text field 
and label.

Running the Code

Atthispointyoucancompileandexecutethisexample.Figure24.1showsourFTP Clientapplicationandthe
Explorer accessible utility displaying events generating by that application. Unfortunately we cannot
implement actual support for disabled users because no real assistive technologies are currently available.

24.3 Accessibility for custom components
In developing professional custom Swing components, special care should be taken to implement the
Accessible interface and provide a custom extension ofthe AccessibleContext class.The following
example extends the functionality ofour OpenList component,developed and used in the examples of
chapter 20, to comply with the accessibility standards.



7

Figure 24.2 Custom  font dialog using accessible OpenList com ponents, and m onitored using the Explorer utility .

<<file figure24-2.gif>>

The Code: Access2.java
see\Chapter24\2

import javax.accessibility.*;

public class Access2 extends JDialog
{
  // added mnemonics and tooltip text to all relevant components
  // ...this class is used to set up a font dialog and has been
  // extracted from code in chapter 20. It requires little 
  // presentation or explanation here.

  public static void main(String argv[]) {
    GraphicsEnvironment ge = GraphicsEnvironment.
      getLocalGraphicsEnvironment();
    m_fontNames = ge.getAvailableFontFamilyNames();
    m_fontSizes = new String[] {"8", "9", "10", "11", "12", "14",
      "16", "18", "20", "22", "24", "26", "28", "36", "48", "72"};

    Access2 dlg = new Access2(new JFrame());
    SimpleAttributeSet a = new SimpleAttributeSet();
    StyleConstants.setFontFamily(a, "Monospaced");
    StyleConstants.setFontSize(a, 12);
    dlg.setAttributes(a);
    dlg.show();
  }
}

class OpenList extends JPanel
 implements ListSelectionListener, ActionListener
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{
  protected JLabel m_title;
  protected JTextField m_text;
  protected JList m_list;
  protected JScrollPane m_scroll;

  public OpenList(String[] data, String title)
  {
    setLayout(null);
    m_title = new OpenListLabel(title, JLabel.LEFT);
    add(m_title);
    m_text = new OpenListText();
    m_text.addActionListener(this);
    m_title.setLabelFor(m_text);
    add(m_text);
    m_list = new OpenListList(data);
    m_list.setVisibleRowCount(4);
    m_list.addListSelectionListener(this);
    m_scroll = new JScrollPane(m_list);
    add(m_scroll);
  }

  public OpenList(String title, int numCols) {
    setLayout(null);
    m_title = new OpenListLabel(title, JLabel.LEFT);
    add(m_title);
    m_text = new OpenListText(numCols);
    m_text.addActionListener(this);
    m_title.setLabelFor(m_text);
    add(m_text);
    m_list = new OpenListList();
    m_list.setVisibleRowCount(4);
    m_list.addListSelectionListener(this);
    m_scroll = new JScrollPane(m_list);
    add(m_scroll);
  }

  public void setToolTipText(String text) {
    super.setToolTipText(text);
    m_title.setToolTipText(text);
    m_text.setToolTipText(text);
    m_list.setToolTipText(text);
  }

  public void setDisplayedMnemonic(char ch) {
    m_title.setDisplayedMnemonic(ch);
  }

  public AccessibleContext getAccessibleContext() {
    if (accessibleContext == null)
      accessibleContext = new AccessibleOpenList();
    return accessibleContext;
  }

  // Unchanged code from section 20.9

  class OpenListLabel extends JLabel {
    public OpenListLabel(String text, int alignment) {
      super(text, alignment);

 }

    public AccessibleContext getAccessibleContext() {
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      return OpenList.this.getAccessibleContext();
    }
  }

  class OpenListText extends JTextField
  {
    public OpenListText() {}

    public OpenListText(int numCols) {
      super(numCols);
   }

    public AccessibleContext getAccessibleContext() {
      return OpenList.this.getAccessibleContext();
    }
  }

  class OpenListList extends JList
  {
    public OpenListList() {}

    public OpenListList(String[] data) { super(data); }

    public AccessibleContext getAccessibleContext() {
      return OpenList.this.getAccessibleContext();
    }
  }

  protected class AccessibleOpenList extends AccessibleJComponent 
  {
    public String getAccessibleName() {
      if (accessibleName != null)

     return accessibleName;
      return m_title.getText();
    }

    public AccessibleRole getAccessibleRole() {
      return AccessibleRole.LIST;
    }
  }
}

Understanding the Code

Class Access2

This class is mainly extracted from the Editor6 class of chapter20 and represents an extension ofour
FontDialog component.W ehavesimplyadded tooltip textand mnemonicsto each ofitschildren and have
defined a main method to construct and display an instance of this component.

Class OpenList

Compared to the example in chapter20 we haven’tchanged much.W e now sub-classthree componentsto
build inner class, accessible counterparts: OpenListLabel extends JLabel, OpenListText extends
JTextField,and OpenListList extendsJList (seebelow formoreaboutthese sub-classes).Also note
thatthelabelcomponentislinked with thetextcomponentusing the setLabelFor() method asdiscussed
above.

The setToolTipText() method isoverridden to assign a given tooltip textto allthree sub-components.
The setDisplayedMnemonic() method is exposed assign the displayedMnemonic property of the
labelcomponent.In conjunction with the setLabelFor() method callincluded in the constructors,this
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provides additional keyboard access to our OpenList component.

ThegetAccessibleContext() method istheonly remaining changemadeto ourOpenList class.Itis
required for implementation of the Accessible interface inherited from its JPanel ancestor. Our
implementation fillsthe accessibleContext instancevariable(inherited from JComponent)by creating
an instance of our AccessibleOpenList inner class, and returns it as an AccessibleContext.

Class OpenList.OpenListLabel

ThisinnerclassextendsJLabel tooverridethegetAccessibleContext() methodanddelegatesthecall
to OpenList‘s getAccessibleContext() method.The same is true for inner OpenListText and
OpenListList sub-classes of JTextField and JList respectively. This guarantees that the
AccessibleOpenList willbeusedastheaccessiblecontext,nomatterwhichsub-componentcurrentlyhas
the focus.In thisway,information aboutOpenList and each ofitsconstituentchild componentsisalways
grouped together and treated as one component by assistive technologies.

Class OpenList.AccessibleOpenList

This inner class extends the AccessibleJComponent class (an extension of AccessibleContext
provided by the JComponent ancestor) to provide accessible information about our component. The
getAccessibleName() method returnsthetextofthe m_title labelastheaccessiblename(unlessthis
has been setdirectly with the setAccessibleName() method).The getAccessibleRole() method
returnsAccessibleRole.LIST as the closest pre-defined accessible role (see 24.1.5).

Note:W ecouldhavegonemuchfurtherindevelopingacustom accessiblecontext.However,intheabsenseofreal
assistive technologies this does not makemuch sense. W e hope to have provided a sufficient background to get 
you started when these are made available.

Running the Code

Atthispointyou can compile and execute thisexample.Figure 24.2 showsthe fontdialog from ourword
processorapplicationofchapter20now using anaccessiblevariantofthe OpenList component.Noticethat
when focus is transferred to an OpenList componentan instance of AccessibleOpenList,described
above, is used as the accessible context (the Explorer window in figure 24.2 illustrates).

Chapter 25. JavaHelp
In this chapter:

• JavaHelp introduction

• JavaHelp API overview

• Basic help example

• Adding dialog-style help

• Customizing the help viewer

• Creating a custom help view
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25.1 JavaHelp introduction
M ostsoftware developersdo notlook forward to spending time documenting and explaining theirproduct.
However, the commercial success of any modern software project greatly depends on the quality and
availability of the help information provided to end users.As Java apps evolve into more extensive and
sophisticated solutions,they require a robust,uniform,and effective mechanism forproviding help to these
users. For this reason JavaSoft has developed the JavaHelp API: a full-featured, platform -independent,
extensible help system thatgivesdevelopersand authorsthe ability to efficiently incorporate an online help
system into applications (both network and stand-alone), applets, JavaBean components, HTM L pages,
operating systems,and devices.The1.0 releaseofthisAPIisavailablefordownload from theJavaSoftweb
site (see http://java.sun.com/products/javahelp/).

Note: You will need to download and install the JavaHelp API before running the examples in this chapter.

JavaHelpincludesastandardSwing-basedhelpviewerillustratedinfigure25.1below.Thisviewercontainsa
toolbar in its northern region and a splitpane in the center.The toolbar contains two buttons allowing
navigation between help topicsthathave been visited previously in a forward/backward style.The leftsplit
panecomponentisatabbed panecontaining atableofcontents,help index,and search navigation facilities.
The right split pane component is an editor pane used to display the content of the currently selected help topic. 
Helpcontentisexpectedtobeintheform ofHTM L documents,enabling rich display capabilitiesand greatly
simplifying the delivery of help files across the Internet.

Note:JavaHelp also providesa way to delivermulti-lingualhelp depending on the currently selected locale.This
capability,along with the more comprehensive internationalization support provided by Java 2,is very
powerful, currently under major development, and lie beyond the scope if this text.

To use JavaHelp in an application we need to prepare a setoffilesdescribed below.W ith the exception of
contentfilesand search files,each fileisexpected to bein theXM L format.(In describing each XM L-based
file below, we present a simple example implementation which we will use in the section 25.3 application.)

Reference:Formore information aboutXM L see http://www.w3.org/TR/W D-xml-lang-970331.html.Itis likely
thatin thenearfuture,wewillhavegraphicaltoolsavailableto facilitatequick and easy construction ofthese
system files.However,atthis pointwe are forced to delve into some of the details of XM L coding to
accomplish this.

25.1.1 HelpSet file

This system file uses the XM L format to deliver informationaboutotherhelpcomponentsandfiles.XM L tags
used in this file have the following meaning:

<helpset>:top levelofa HelpSetdocument.The <version> and <lang> attributescan specify file
version and language respectively.

<title>: title to be displayed in the help viewer’s title bar.

<maps>: defines a section representing a HelpSet map (discussed below).

<homeID>: ID of the default help topic, which should be listed in the map file.

<mapref>: specifies a map file or URL with its <location> attribute.

<view>:definesasection representing a help view contained in the help viewertabbed pane.A HelpSet
filemay contain an arbitrary number of views.

<name>: a name identifying the view.
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<label>: used for displaying the tooltip textof the view ’s corresponding tabbed pane tab (more
descriptive than a name).

<type>: the view type (fully qualified name of the class to be instantiated to create this view
component). Normally a subclass of NavigatorView (see below).

<data>:specifiesadatafileorURL usedinthisview.Theoptional<engine> attributecanbeusedto
define the fully qualified name of the class defining a search engine.

The following is a typical example of a HelpSet file, Layout.hs:

<?xml version='1.0' encoding='ISO-8859-1' ?>
<helpset version="1.0">
  <title>Basic Layout Example - Help</title>
  <maps>
     <homeID>top</homeID>
     <mapref location="Layout.jhm"/>
  </maps>
  <view>
    <name>TOC</name>
    <label>Table Of Contents</label>

<type>javax.help.TOCView</type>
    <data>LayoutTOC.xml</data>
  </view>
  <view>
    <name>Index</name>
    <label>Help Index</label>
    <type>javax.help.IndexView</type>
    <data>LayoutIndex.xml</data>
  </view>
  <view>
    <name>Search</name>
    <label>Search</label>
    <type>javax.help.SearchView</type>
    <data>JavaHelpSearch</data>
  </view>
</helpset>

25.1.2 M ap file

Thissystem fileusestheXM L formatto provideamapping ofhelp topicIDs(textstrings)to URLs(which
canbeeitherlocalorremoteandoftheform file:,http:,ftp:,orjar:).M ultiplemapfilescanbeused
in aHelpSet.In such acasethemappingswillbemerged and weareexpected to alwaysprovideuniqueIDs
because of this. XM L tags used in this file have the following meaning:

<map>: top level of the map document. The <version> and <lang> attributescanspecifyfileversionand
language respectively.

<mapID>:representsasinglemap entry.The<target> attributespecifiesthestring ID ofthehelp topic
and the <url> attribute specifies the associated URL of the HTM L content file constituting its
documentation.Theoptional<lang> attributeallowsspecificationofalanguagetousewhendisplaying
this topic.

The following is a typical example of a map file, Layout.jhm:

<?xml version='1.0' encoding='ISO-8859-1' ?>
<map version="1.0">
    <mapID target="top" url="LayoutFrame.html" />
    <mapID target="FlowLayout" url="FlowLayout.html" />
    <mapID target="GridLayout" url="GridLayout.html" />
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    <mapID target="BorderLayout" url="BorderLayout.html" />
    <mapID target="BoxLayout" url="BoxLayout.html" />
</map>

25.1.3 Table of Contents (TOC) file

This system file uses the XM L formatto deliverinformation abouta help topics table ofcontents.This
representsaview thattypically containsreferencesto help topicIDsin alogically grouped order.XM L tags
used in this file have the following meaning:

<toc>:top levelofTOC document.The <version> and <lang> attributescan specify file version and
language respectively.

<tocitem>:definesaTOC entry.The<target> attributespecifiesthestring ID ofthetargethelp item
listed in a map file.The <text> attribute specifiesthe TOC view textto representthe corresponding
help topic.

The following is an example of a TOC file,LayoutTOC.xml:

<?xml version='1.0' encoding='ISO-8859-1' ?>
<toc version="1.0">
    <tocitem>Basic Layout Example - TOC
        <tocitem text="Frame" target="top"/>
        <tocitem text="FlowLayout" target="FlowLayout"/>
        <tocitem text="GridLayout" target="GridLayout"/>
        <tocitem text="BorderLayout" target="BorderLayout"/>
        <tocitem text="BoxLayout" target="BoxLayout"/>
    </tocitem>
</toc>

25.1.4 Index file

Thissystem fileusestheXM L formattodeliverinformationrepresenting a helpindexview.Thisview isvery
similartoaTOC view describedabove,buttypically organizesreferencesto help topicsin alphabeticalorder.
XM L tags used in this file have the following meaning:

<index>:top levelofa help index document.The <version> and <lang> attributes can specify file
version and language respectively.

<indexitem>:definesindex entry.Attribute <target> containsstring ID ofthetargethelp item listed
in the map file. Attribute <text> contains text to be displayed in the index.

Here's an example of the index file, LayoutIndex.xml:

<?xml version='1.0' encoding='ISO-8859-1'  ?>
<index version="1.0">
  <indexitem text="Index">
    <indexitem text="B">
      <indexitem target="BorderLayout" text="BorderLayout"/>
      <indexitem target="BoxLayout" text="BoxLayout"/>
    </indexitem>
    <indexitem text="F">
      <indexitem target="FlowLayout" text="FlowLayout"/>
      <indexitem target="top" text="Frame"/>
    </indexitem>
    <indexitem text="G">
      <indexitem target="GridLayout" text="GridLayout"/>
    </indexitem>
  </indexitem>
</index>
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25.1.5 Help Content files

JavaHelp usesthe HTM L formatfordata filesmaking up the actualhelp topic content.W e can place help
topicsin oneormoreHTM L filesusing typicalfonts,images,and linksto createarobustand efficienthelp
system.W ecan also embed JComponentsusing the<OBJECT> tag (seechapter19 formoreaboutSwing’s
HTM L support).

25.1.6 Search files

JavaHelp supports access to search engines, and provides a default search engine of its own:
com.sun.java.help.search.DefaultSearchEngine.Search engines used to perform searches are
subclasses of javax.help.search.SearchEngine (as is DefaultSearchEngine). A JavaHelp
searchengineusesasearchdatabaseresidingin thedirectory specified by the<data> tag ofthesearchview
section in theHelpSetfile(seeabove).Thisdirectory containsnecessary search datapre-generated based on
given content. This data is searchedusingaspecifiedenginepointedatbythe <data> tag’sengine attribute
(if none is specified the default is used). 

Togeneratebinaryfilesconstitutingthenecessarysearchdata,wefirstcreatecontentfilesforourhelpsystem
(usually HTM L), change to the directory containing these files, and run the following command listingeachof
our help content files as parameters:

    com.sun.java.help.search.Indexer file1 file2 ...

Thisgeneratesseveralfilesand placesthem in the default“JavaHelpIndex” sub-directory (see the JavaHelp
documentation for moreoptions available in generating search data).

The JavaHelp search mechanism can be used to support client-side searching, server-side searching, and stand-
alone seaching.Aswith the whole JavaHelp system,we are provided with very flexible choicesin both the
presentation and deployment of this information.

25.2 JavaHelp API overview

25.2.1 HelpSet

class javax.help.HelpSet

This class represents a collection ofhelp information files we discussed above:HelpSet,table ofcontents
(TOC),index,content,and map files.To create a HelpSet instance we mustsupply two parameters:a
ClassLoader instanceused to locateany classesrequired by thenavigatorsin thehelp set,and the URL of
themain HelpSet file. The following code shows a typical HelpSet instantiation, assuming the main HelpSet 
file,MyHelpSet.hs, is contained in the current running directory:

    ClassLoader loader = this.getClass().getClassLoader();
    URL url = HelpSet.findHelpSet(loader, "MyHelpSet.hs");
    HelpSet hs = new HelpSet(loader, url);

25.2.2 The HelpBroker interface

abstract interface javax.help.HelpBroker

Thisinterface describesa componentused to manage the presentation and interaction with a HelpSet.W e
can use the HelpSet.createHelpBroker() method to retrieve an instance ofHelpBroker.W e can
thenuseHelpBroker’senableHelpKey() method,specifying theString ID ofadesired help topic,to
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enable JavaHelp on a given Component. This is often used on a JRootPane (see chapter 3):

    HelpBroker hb = hs.createHelpBroker();
hb.enableHelpKey(myFrame.getRootPane(), "MyTopicID", hs);

W hen F1 is pressed while thatcomponent,orone ofits children,has the focus,the JavaHelp viewerwill
appeardisplayingtheappropriatehelptopic.Ifachildcomponenthasthefocusandhasan associated helpID
assigned,the help viewerwilldisplay the help topic specific to thatcomponent.Otherwise the defaulttopic
(specified as “M yTopicID” above) will be displayed.

W ecan also usethe enableHelpOnButton() method to enablethedisplay of JavaHelp when aspecific
button is pressed:

    JButton btHelp = new JButton("Help");
    hb.enableHelpOnButton(btHelp, "MyTopicID", null);

A default implementation is provided by the javax.help.DefaultHelpBroker class.

25.2.3 The M ap interface

abstract interface javax.help.M ap

ThisinterfacedefinesaString ID to URL mapping.TheinnerclassMap.ID isused to identify ahelp topic.
ItencapsulatesaHelpSet reference/String ID pair.Givenan ID wecan gettheassociated URL and vice
versa. Each HelpSet has an associated Map instance.

25.2.4 JHelp

class javax.help.JHelp

Thisclassrepresentsthe main JavaHelp viewercapable ofdisplaying help setdata using JTree orJList
navigators in a JTabbedPane,and a contentviewer(normally a JEditorPane forHTML display).The
current implementation of JavaHelp does not provide public access to this class via HelpSet or
HelpBroker instances. Later in this chapter we'll see how to gain access to this component for
customization.

25.2.5 The HelpM odel interface

abstract interface javax.help.HelpM odel

Thisinterfacerepresentsthemodelofa JHelp viewercomponent.ItmaintainsIDsand URLscorresponding
to the HelpSet being displayed in a JHelp instance,and fires HelpModelEvents(see below)when the
current help topic is changed.

25.2.6 JHelpNavigator

class javax.help.JHelpNavigator

This class represents a navigation control (JTree orJList)forthe GUIpresentation ofhelp topic data.
InstancesofJHelpNavigator residein thetabbed paneon theleftsideofthe JHelp viewer.Any number
ofnavigatorscan bepresentin a HelpSet.JavaHelp providesthreesub-classesofJHelpNavigator used
in JHelp by default:JHelpIndexNavigator,JHelpSearchNavigator,and JHelpTOCNavigator.
EachJHelpNavigator displays data retrieved through a specific NavigatorView instance.
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25.2.7 NavigatorView

abstract class javax.help.NavigatorView

InstancesofNaviagtorView definewhattypeofdataaview acceptsand how itisparsed.They aso define
how data willbe presented visually by specifying a corresponding componentused to view it.JavaHelp
providesthree sub-classesofNavigatorView used in JHelp by default:IndexView,SeachView,and
TOCView--each of which specify the corresponding JHelpNavigator subclass discussed above for
representation.

25.2.8 CSH

class javax.help.CSH

This class provides simple access to context-sensitive help by supplying severalstatic methods.Context-
sensitivehelp istheprovision ofcertain help information based on theuser’scurrenttask.Implementing this
type ofhelp often involves associating help topics with each componentin a GUIand tracking context-
sensitive events.Particularly important is the CSH.setHelpIDString(JComponent comp, String
helpID) method,which assignsa String ID to agiven Swing component.W hen allIDsareassigned,we
can create a button or menu item to trigger content sensitive help, and attach a special predefined
ActionListener:

    JButton btItemHelp = new JButton("Item Help");
    btItemHelp.addActionListener(new CSH.DisplayHelpAfterTracking(hb));

W henthisbuttonispressed,acustom mousecursordisplayingapointerandaquestionmarkappears.W hena
componentisclicked theJavaHelp viewerisdisplayed showing thehelp topiccorresponding to the selected
component’s assigned ID (if it has one). 

25.2.9 TreeItem

class javax.help.TreeItem

Instances ofthis class are used as userobjects in a navigationalview ’s JTree orJList.Subclasses of
TreeItem include IndexItem,used in the Index navigator,and TOCItem,used in the TOC navigator.A
SearchTOCItem class extends TOCItem and is used in the Search navigator. 

25.2.9 The HelpM odelListener interface

abstract interface javax.help.event.HelpM odelListener

This interface describes a listener which receives javax.help.event.HelpModelEvents when the
currenthelp topic ischanged (i.e.whenevera new topic isselected in a navigator).HelpModelListener
implementationsmustimplementthe idChanged() method which takesaHelpModelEvent asparameter.
W e can add a HelpModelListeners to a HelpModel using its addHelpModelListener() method.

25.2.10 Setting up JavaHelp

To run allexamples in this chapteryou willneed to do the following (this willvary depending on your
platform):

1. Download and install JavaHelp 1.0 (or the most recent release).

2. Copy all files in your javahelp\bin directory to your jdk1.2\bin directory. 

3. Copy the contents of your javahelp\lib directory to your jdk1.2\lib directory.
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4.Each example includesW indowsbatch filessetup with the assumption thatyou have installed Java 2,
andtheabovefiles,in c:\jdk1.2.IfyouarenotusingW indowsordonothaveJava2installedinthis
directory, you will need to write your own scripts or modify these batch files accordingly.

Note:TheJavaHelp APInow existsasaJavaextension.In futureJava2 releasesitispossiblethatJavaHelp will
become part of the core API.

25.3 Basic JavaHelp example
In thissection we willadd help capabilitiesto the introductory layoutexample from chapter4,section 4.2,
demonstrating fiveJInternalFrames each using adifferentlayoutmanager.Each oftheseinternalframes
willreceive a help topic placed in a separate HTM L file.The HelpSet,map,TOC,and index filesforthis
examplewerelisted in section 25.1,and areused to createa HelpSet instance.W ewillassign String IDs
to each internalframe using the CSH classand attach an InternalFrameListener to transferfocusto a
thefirstcomponentinaselectedframe’scontentpane(becausefocusdoesnotgettransferredbydefaultwhen
anew internalframeisselected).By using aourHelpSet’sHelpBroker wewillthen enablehelp on each
frame, which can be invoked through the F1 key.

Figure 25.1 JavaHelp help view er displaying the TOC view .

<<file figure25-1.gif>>

The Code: Com m onLayoutsDem o.java
see\Chapter25\1
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import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.net.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.help.*;

public class CommonLayoutsDemo extends JFrame 
{
  protected HelpSet m_hs;
  protected HelpBroker m_hb;
  static final String HELPSETNAME = "Help/Layout.hs";

  public CommonLayoutsDemo() {
    super("Layout Managers [Help]");
    setSize(500, 380);

    createHelp();
    InternalFrameAdapter activator = new InternalFrameAdapter() {
      public void internalFrameActivated(InternalFrameEvent e) {
        JInternalFrame fr = (JInternalFrame)e.getSource();
        Component c = fr.getContentPane().getComponent(0);
        if (c != null)
          c.requestFocus();
      }
    };

    JDesktopPane desktop = new JDesktopPane();
    getContentPane().add(desktop);

    JInternalFrame fr1 = 
      new JInternalFrame("FlowLayout", true, true);
    // Unchanged code from section 4.2
    CSH.setHelpIDString(fr1,"FlowLayout");
    fr1.addInternalFrameListener(activator);

    JInternalFrame fr2 = 
      new JInternalFrame("GridLayout", true, true);
    // Unchanged code from section 4.2
    CSH.setHelpIDString(fr2,"GridLayout");
    fr2.addInternalFrameListener(activator);

    JInternalFrame fr3 = 
      new JInternalFrame("BorderLayout", true, true);
    // Unchanged code from section 4.2
    CSH.setHelpIDString(fr3,"BorderLayout");
    fr3.addInternalFrameListener(activator);

    JInternalFrame fr4 = 
      new JInternalFrame("BoxLayout - X", true, true);
    // Unchanged code from section 4.2
    CSH.setHelpIDString(fr4,"BoxLayout");
    fr4.addInternalFrameListener(activator);

    JInternalFrame fr5 = 
      new JInternalFrame("BoxLayout - Y", true, true);
    // Unchanged code from section 4.2
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    CSH.setHelpIDString(fr5,"BoxLayout");
    fr5.addInternalFrameListener(activator);

    // Unchanged code from section 4.2
  }

  public static void main(String argv[]) {
    new CommonLayoutsDemo ();
  }

  protected void createHelp() {
    ClassLoader loader = this.getClass().getClassLoader();
    URL url;
    try {
      url = HelpSet.findHelpSet(loader, HELPSETNAME);
      m_hs = new HelpSet(loader, url);
      m_hb = m_hs.createHelpBroker();
      m_hb.enableHelpKey(getRootPane(), "Frame", m_hs);
    } 
    catch (Exception ex) { ex.printStackTrace(); }
  }
}

Understanding the Code

Class CommonLayoutsDemo

New instance variables:

HelpSet m_hs: used to manage the help data for this application.

HelpBroker m_hb: used to manage the help viewer for this application.

New class variable:

String HELPSETNAME: the path and name of the HelpSet file relative to the location of this class.

The CommonLayoutsDemo constructorcalls ourcustom createHelp() method to initialize JavaHelp
functionality (see below). Each JInternalFrame is associated with a proper help ID using the
CSH.setHelpIDString() method.

An InternalFrameAdapter (implementation ofInternalFrameListener--seechapter16)isused to
detect whenever an internal frame is acivated, and transfer focus to the first component within its content pane. 
This is done because even though JInternalFrame can beactivatedbyamouseclickoverit'ssurface,this
doesnotnecessarily transferfocusto it.Thefocusmay stillbelong to thecomponentin thepreviously active
JInternalFrame.Thiscausesundesirable effectswith JavaHelp because in thiscase we need to show a
help topic based on the currently selected frame.By manually transfering focus to a child of the active
JInternalFrame the correct helptopicwillbedisplayedwhenhelpisinvoked.Thus,weaddaninstanceof
this listener to each internal frame.

The createHelp() method retrieves the URL corresponding to the help setfor this application,and
instantiatesourHelpSet andHelpBroker instancevariables.TheenableHelpKey() methodenables
help functionality using the F1 key, and sets the default topic ID to “Frame” on the application’sJRootPane.

Running the Code

Activateoneofthe internalframesand pressF1.Figure25.1 showstheJavaHelp help viewerdisplaying the
help topic associated with the currently active internal frame. Explore and becomefamiliarwiththenavigation
functionality provided by the help viewer.
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25.4 Adding dialog-style help
Dialogs in modern applications quite often contain a “Help” button to invoke content-sensitive help fora
particularcomponentin thatdialog (usually using an altered question mark cursor).In thissection we'llshow
how to add such a feature provided by JavaHelp to the FTP client example we constructed in chapter 13.

Figure 25.2 FTP Client application w ith help buttons for default and context-sensitive help.

<<file figure25-2.gif>>
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Figure 25.3 JavaHelp view er displaying custom  help for our FTP client application.

<<file figure25-3.gif>>

HelpSet file: FTP.hs
see\Chapter25\2\help

<?xml version='1.0' encoding='ISO-8859-1' ?>
<helpset>
   <title>FTP Client Example - Help</title>
   <maps>
     <homeID>top</homeID>
     <mapref location="FTP.jhm"/>
   </maps>
   <view>
     <name>TOC</name>
     <label>Table Of Contents</label>
     <type>javax.help.TOCView</type>
     <data>FTPTOC.xml</data>
   </view>
   <view>
     <name>Index</name>
     <label>Help Index</label>
     <type>javax.help.IndexView</type>
     <data>FTPIndex.xml</data>
   </view>
   <view>
     <name>Search</name>
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     <label>Search</label>
     <type>javax.help.SearchView</type>
     <data>JavaHelpSearch</data>
   </view>
</helpset>

M ap file: FTP.jhm
see\Chapter25\2\help

<?xml version='1.0' encoding='ISO-8859-1' ?>
<map version="1.0">
  <mapID target="top" url="FTPClient.html" />
  <mapID target="UserName" url="FTPClient.html#UserName" />
  <mapID target="Password" url="FTPClient.html#Password" />
  <mapID target="URL" url="FTPClient.html#URL" />
  <mapID target="File" url="FTPClient.html#File" />
  <mapID target="PutButton" url="FTPClient.html#PutButton" />
  <mapID target="GetButton" url="FTPClient.html#GetButton" />
  <mapID target="FileButton" url="FTPClient.html#FileButton" />
  <mapID target="CloseButton" url="FTPClient.html#CloseButton" />
</map>

TOC file: FTPTOC.xm l
see\Chapter25\2\help

<?xml version='1.0' encoding='ISO-8859-1' ?>
<toc version="1.0">
  <tocitem target=top>FTP Client Example - TOC
    <tocitem text="User Name" target="UserName"/>
    <tocitem text="Password" target="Password"/>
    <tocitem text="URL" target="URL"/>
    <tocitem text="File" target="File"/>
    <tocitem text="Put button" target="PutButton"/>
    <tocitem text="Get button" target="GetButton"/>
    <tocitem text="File button" target="FileButton"/>
    <tocitem text="Close button" target="CloseButton"/>
  </tocitem>
</toc>

Index file: FTPIndex.xm l
see\Chapter25\2\help

<?xml version='1.0' encoding='ISO-8859-1'  ?>
<index version="1.0">
  <indexitem text="Index">
    <indexitem text="C">
      <indexitem target="CloseButton" text="Close button"/>
    </indexitem>
    <indexitem text="F">
      <indexitem target="File" text="File"/>
      <indexitem target="FileButton" text="File button"/>
    </indexitem>
    <indexitem text="G">
      <indexitem target="GetButton" text="Get button"/>
    </indexitem>
    <indexitem text="P">
      <indexitem target="Password" text="Password"/>
      <indexitem target="PutButton" text="Put button"/>
   </indexitem>
    <indexitem text="U">
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      <indexitem target="UserName" text="User Name"/>
      <indexitem target="URL" text="URL"/>
    </indexitem>
  </indexitem>
</index>

The Code: FTPApp.java
see\Chapter25\2

// Unchanged imports from section 13.5

import javax.help.*;

public class FTPApp extends JFrame 
{
  // Unchanged code from section 13.5

  protected HelpSet m_hs;
  protected HelpBroker m_hb;
  static final String HELPSETNAME = "Help/FTP.hs";

  public FTPApp() {
    super("FTP Client [Help]");

    createHelp();

    JPanel p = new JPanel();
    p.setLayout(new DialogLayout2(5, 5));
    p.setBorder(new EmptyBorder(5, 5, 5, 5));

    // Unchanged code from section 13.5

    JButton btHelp = new JButton("Help");
    btHelp.setToolTipText("Show help");
    m_hb.enableHelpOnButton(btHelp, "top", null);
    p.add(btHelp);

    btHelp = new JButton(new ImageIcon("onItem.gif"));
    btHelp.setToolTipText("Component help");
    btHelp.addActionListener(
      new CSH.DisplayHelpAfterTracking(m_hb));
    p.add(btHelp);

    CSH.setHelpIDString(m_txtUser,"UserName");
    CSH.setHelpIDString(m_txtPassword,"Password");
    CSH.setHelpIDString(m_txtURL,"URL");
    CSH.setHelpIDString(m_txtFile,"File");
    CSH.setHelpIDString(m_btPut,"PutButton");
    CSH.setHelpIDString(m_btGet,"GetButton");
    CSH.setHelpIDString(m_btFile,"FileButton");
    CSH.setHelpIDString(m_btClose,"CloseButton");

    setSize(520,340);
    setResizable(false);
    setVisible(true);
  }

  protected void createHelp() {
    ClassLoader loader = this.getClass().getClassLoader();
    URL url;
    try {
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      url = HelpSet.findHelpSet(loader, HELPSETNAME);
      m_hs = new HelpSet(loader, url);
      m_hb = m_hs.createHelpBroker();
      m_hb.enableHelpKey(getRootPane(), "top", m_hs);
    } 
    catch (Exception ex) { ex.printStackTrace(); }
  }

  // Unchanged code from section 13.5
}

Understanding the Code

Class FTPApp

Themechanism ofadding help to thisapplication isvery similarto thatofthepreviousexample.W e add IDs
to each button and text field component using CSH’s setHelpIDString() method,and enable help
invocation on the frame’sJRootPane using an identical createHelp() method (see previous example).

Two new buttons are added to the button row. The first one is titled "Help". M ethod
enableHelpOnButton() iscalled on the HelpBroker instanceto invokethedisplay ofthedefaulthelp
topicwhen thisbutton ispressed.Thesecond button receivesapredefined ActionListener retrieved with
theCSH.DisplayHelpAfterTracking() method.Thislistenerdisplaysacustom question mark cursor
and displaystheappropriatehelp topiccorresponding to theclicked component.(Notethatonceacomponent
is clicked and help is shown, the cursor reverts back to normal.)

Running the Code

Figure25.2 showsourFTP clientexamplewith two new buttonsto managehelp.Pressthe “Help” button to
display the defaulthelp topic (which calso can be shown using the F1 key).Try using the content-sensitive
help button to bring up a help topic for a particular component, and note the use of a custom cursor.

25.5 Customizing the JHelp viewer
Sofarwe'veseen how to add thehelp viewerto an application and invokeitthrough pressing F1 orabutton.
However,wemay very wellwantto custom izehelp functionality by adding acomponentto thehelp viewer
toolbar,oradding a custom navigationalview.The currentrelease ofthe JavaHelp does include a fairly
powerfulGUI,however,therearecertainlycaseswherethisisnotenough.Inthisand thenextsectionwewill
show how to integratetwo new featuresinto thehelp viewer:a “Home” toolbarbutton switching to thehome
help topic (specified by the <homeID> HelpSetfile tag),and a “History” view providing quick return to a
specific previously viewed topic.

The bad news is that(atleastin this release)JavaHelp does notprovide any directaccess to the JHelp
instance constituting the help viewer.So no customization can be done though provided functionality.The
good newsisthatby taking advantageofthefactthatJHelp isajava.awt.Container subclass,wecan
gain access to its child components indirectly and do what we need. 

Reference:W edidasimilarthingwithJFileChooser inchapter14togainaccesstoitsembedded JList.This
was necessary to allow multiple selection, which is not implemented correctly as of Java 2 FCS.

Thefollowing examplebuildsoffofthepreviousFTP clientexample,and showshow to customizethehelp
viewer by adding a “Home” button to its toolbar.

Note: This solution is highly dependanton the construction of JHelp,which may very wellchange in future
implemenatations.However,itillustratessomegeneraltechniquesthatcan beused when componentsarenot
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build as flexible as they should be.

Note: This example, and the example in section 25.6, requires Java2 because new functionality built into
java.awt.Frame and java.io.File is used here (explained below).

Figure 25.4 JHelp view erw ith a custom  toolbar button for jum ping to the hom e topic specified in a HelpSet file.

<<file figure25-4.gif>>

The Code: FTPApp.java
see\Chapter25\3

// Unchanged imports from section 25.4

public class FTPApp extends JFrame 
{
  // Unchanged code from section 25.4

  public FTPApp() {
    super("FTP Client [Customizing Help]");

    // Unchanged code from section 25.4

    WindowListener wndCloser = new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        disconnect();
        System.exit(0);
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      }

      Frame m_helpFrame = null;
      public void windowDeactivated(WindowEvent e) {
        if (m_helpFrame != null)
          return;
        Frame[] frames = getFrames(); // Only available in Java 2
        for (int k = 0; k < frames.length; k++) {
          if (!(frames[k] instanceof JFrame))

     continue;
          JFrame jf = (JFrame)frames[k];
          if (jf.getContentPane().getComponentCount()==0)
            continue;
          Component c = jf.getContentPane().
            getComponent(0);
          if (c == null || !(c instanceof JHelp))
            continue;
          m_helpFrame = jf;
          JHelp jh = (JHelp)c;
          for (int s=0; s<jh.getComponentCount(); s++) {
            c = jh.getComponent(s);
            if (c == null || !(c instanceof JToolBar))
              continue;
            JToolBar jtb = (JToolBar)c;
            jtb.addSeparator();
            JButton home = new JButton(new
              ImageIcon("Home.gif"));
            home.setToolTipText("Home Topic");
            jtb.add(home);

        ActionListener alst = new ActionListener() { 
              public void actionPerformed(ActionEvent e) {
                try {
                  m_hb.setCurrentID(m_hs.getHomeID());
                }
                catch (Exception ex) {}

      }
            };
            home.addActionListener(alst);
          }
        }
      }
    };
    addWindowListener(wndCloser);

    // Unchanged code from section 25.4
  }

// Unchanged code from section 25.4

Understanding the Code

Class FTPApp

The idea behind this example is thatwhen the application's frame is deactivated,this may have occurred
becausethehelp viewer'sframehasbecomeactivated.So atthatmomentwecan check allexisting framesin
thecurrentJVM ,andcheck whethertheyhold an instanceofJHelp asafirstchild in thecontentpane.Ifso,
we gain access to the JHelp instance and add our custom component to it. 

Toaccomplishthis,significantmodification hasbeenmadeto ourWindowListener implementation,which
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previously onlyimplementedthewindowClosing() method.TheFrame m_helpFrame instancevariable
holdsareferenceto thehelp viewer'sframe(notethatthisframeiscreated only onceand ishidden/shown as
needed after that). The windowDeactivated() method checks this variable, and if it hasn’t been
determined yet(i.e.ifitisnull)itretrievesan array ofallthe framescreated by thisJVM using the static
Frame.getFrames() method(anothernicenew featureinJava2).Alltheseframesareexaminedinturn.If
oneofthem isan instanceofJFrame and hasan instanceofJHelp asitsfirstchild,wetakeareferenceto
thatchild,castitto JHelp,and,in turn,examineallitschildren.W eknow thatoneofthesechildren should
be an instance of JToolBar (since this only occurs before JHelp firstbecomesvisible,thereisnopossibility
thatthe toolbarhasbeen undocked and leftfloating).Assoon asitisfound,we add() a JButton which
callssetCurrentID() on our HelpSet when pressed:

    m_hb.setCurrentID(m_hs.getHomeID());

The Map.ID instance returned by the getHomeID() method issupplied asan argumentto thiscall,which
sets the current topic in the viewer to the home topic specifed in our HelpSet file.

Running the Code

Figure25.4showstheJHelp viewer with anew toolbarbutton.Pressing thisbutton showsthehometopicas
specified by the <homeID> tag in our HelpSet file.W e can use a similar technique to add any other
component to this toolbar, or to another JHelp constituent.

25.6 Creating a custom help view
Aswe mentioned earlier,JavaHelp allowsdevelopersto add a new navigatorview by simply adding a new
<view> tag to the HelpSetfile.Unfortunately this navigator view cannotgain an access to the viewer
componentthatdisplaysit(itcanonlyhaveaccesstoadatafilesuppliedasaparameterwiththe <data> tag,
similartoTOC orindexviews).W ecanworkaroundthislimitationbyusingthesamebasictechniqueusedin
theprevioussection to accessthe JHelp toolbar.Thefollowing exampleaddsa custom navigationalview to
theJHelp viewer tabbed pane to display a selectable, dynamically changeable help topic history.
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Figure 25.5 Custom  JavaHelp History view  added to the JavaHelp view er.

<<file figure25-5.gif>>

HelpSet file: FTP.hs
see\Chapter25\4\help\

   // Unchanged from section 25.4

   <view>
     <name>History</name>
     <label>History</label>
     <type>HistoryView</type>
   </view>
</helpset>

The Code: FTPApp.java
see\Chapter25\4

// Unchanged imports from section 25.5

public class FTPApp extends JFrame 
{
  // Unchanged code from section 25.5

  public FTPApp() {
    super("FTP Client [Help History]");
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    // Unchanged code from section 25.5

    WindowListener wndCloser = new WindowAdapter() {
      // Unchanged code from section 25.5

      public void windowDeactivated(WindowEvent e) {
        // Unchanged code from section 25.5

          Enumeration en = jh.getHelpNavigators();
          while (en.hasMoreElements()) {
            JHelpNavigator jhn = (JHelpNavigator)

      en.nextElement();
            NavigatorView view = jhn.getNavigatorView();
            if (view instanceof HistoryView)
              ((HistoryView)view).setNavigator(jhn);
          }
        }
      }
    };
    addWindowListener(wndCloser);

    // Unchanged code from section 25.5
  }

// Unchanged code from section 25.5

The Code: HistoryView.java
see\Chapter25\4

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.net.*;

import javax.swing.*;
import javax.swing.event.*;
import javax.swing.tree.*;

import javax.help.*;
import javax.help.event.*;

public class HistoryView extends TOCView
 implements HelpModelListener
{
  protected DefaultMutableTreeNode m_topNode;
  protected JTree m_tree;
  protected DefaultTreeModel m_model;
  protected TreePath m_zeroPath;

  public HistoryView(HelpSet hs, String name, String label,
   Hashtable params) {
    super(hs, name, label, hs.getLocale(), params);
  }

  public HistoryView(HelpSet hs, String name, String label,
   Locale locale, Hashtable params) {
    super(hs, name, label, locale, params);
  }

  public Component createNavigator(HelpModel model) {
    JHelpNavigator navigator = 
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      new JHelpTOCNavigator(this, model);
    navigator.getUI().setIcon(new ImageIcon("History.gif"));
    return navigator;
  }

  public static MutableTreeNode parse(URL url, HelpSet hs,
    Locale locale, TreeItemFactory factory) {
      return new DefaultMutableTreeNode("History");
  }

  public void setNavigator(JHelpNavigator jhn) {
    jhn.getModel().addHelpModelListener(this);
    try {
      Container c = jhn;
      while (!(c instanceof JTree))
        c = (Container)(c.getComponent(0));
      m_tree = (JTree)c;
      TOCItem top = new TOCItem();
      top.setName("History");
      m_topNode = new DefaultMutableTreeNode(top);
      m_model = new DefaultTreeModel(m_topNode);
      m_tree.setModel(m_model);
      m_zeroPath = new TreePath(new Object[] { m_topNode });
    }
    catch (Exception ex) {
      ex.printStackTrace();
      System.err.println(ex.toString());
    }
  }

  public void idChanged(HelpModelEvent e) {
    // To avoid conflict with java.util.Map
    javax.help.Map.ID id = e.getID();
    if (m_topNode != null) {
      TOCItem item = new TOCItem(id, null, null);
      item.setName(id.id);
      for (int k=0; k<m_topNode.getChildCount(); k++) {
        DefaultMutableTreeNode child = 
          (DefaultMutableTreeNode)m_topNode.getChildAt(k);
        TOCItem childItem = (TOCItem)child.getUserObject();
        if (childItem.getID().equals(id))
          m_topNode.remove(child);
      }
      DefaultMutableTreeNode node = 
        new DefaultMutableTreeNode(item);
      m_topNode.insert(node, 0);
      m_model.reload(m_topNode);
      m_tree.expandPath(m_zeroPath);
    }
  }
}

Understanding the Code

FTP.hs

One more <view> tag is now added to our FTP.hs XM L HelpSet file to request the creation of a
HistoryView with anameand labelof“History.” Thisresultsin anew navigatorin JHelp’snavigational
view tabbed pane. This navigator is connected to an instance of our custom HistoryView class.
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Class FTPApp

To connectthehistory view to thevieweritself,somecodehasbeen added to ourwindowDeactivated()
method in the WindowAdapter inner class. This code retrieves all help views using the
getHelpNavigators() method, examines all of them in turn, and, if an instance of our custom
HistoryView classisfound,callsthesetNavigator() methodtopassareferenceto JHelpNavigator
to it.

Note:Thefactthatwehaveto add thiscodeto ourapplication in orderto useacustom view should immediately
stand outasbad design,even though itisonly called once (see previousexample).W e are forced to do this
becausetheparentclass,NavigatorView,doesnotprovideany meansofretrieving theassociated instance
of JHelpNavigator used to display it. This severely limits the abilities of help customization and
contradictstheflexible,JavaBeansdesign ofSwing components.W ehopeto seethislimitation accounted for
in future JavaHelp releases, making this workaround unnecessary.

Class HistoryView

This class represents a custom implementation of NavigatorView to provide easy access to previously
viewed help topics.HistoryView implementsHelpModelListener and extendsTOCView to inheritits
functionality and avoid writing our own NavigatorView sub-class. Instance variables:

JTree m_tree: the tree component used to display historical help topics.

DefaultMutableTreeNode m_topNode:the rootnode in the tree parenting allhistoricalhelp topics.
Thisnode isnotvisible because the rootVisible property issetto false by the parentTOCView
class.

DefaultTreeModel m_model: the historical tree model.

TreePath m_zeroPath: path to the root node.

The two available constructors delegate their work the corresponding superclass constructors. The
createNavigator() method creates an instance of JHelpTOCNavigator (a sub-class of
JHelpNavigator)torepresentourhistoricalview graphically,andassignsitacustom icon(tobedisplayed
inJHelp’s navigational views tabbed pane).

Sincewearenotintending to parseany externaldatafilesin ourhistoricalview (alldataisgenerated by the
help viewer itself at run-time), the parse() method simply creates and returns an instance of
DefaultMutableTreeNode with user object“History,” and no child nodes.

Our custom setNavigator() method establishes a connection between this view and the
JHelpNavigator componentsupplied asparameterrepresenting ourhistory information graphically.First,
this view is added as a HelpModelListener to the JHelpNavigator‘s HelpModel to receive
HelpModelEvents when a change in the current help topic occurs. Second, we search for the
JHelpNavigator’stree componentby iterating through itscontainmenthierarchy.Then the m_topNode
variableisassigned aDefaultMutableTreeNode instancewith adefaultTOCItem userobjectassigned a
name of “History.” W e also assign the m_model variable as a reference to this tree's model, and
m_zeroPath is used to store the path from the tree's root to m_topNode (which simply consists of
m_topNode itself). Both variables are needed in idChanged().

The idChanged() method willbe called when the currenthelp topic ischanged.Thismethod receivesan
instance of HelpModelEvent which encapsultes, among other things, the new help topic ID. It then creates a 
new TOCItem using that ID, and checks all child nodes of m_topNode to find out whether the
corresponding topicalready existsin thehistory view.Ifso,itisremoved to avoid redundancy.Then thenew
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topicisinserted atthetop ofthetree.Thusthepreviously viewed topicsappearlisted from mostrecentatthe
top,to leastrecentatthe bottom.Finally we callreload() on the tree modeland expandPath() on the
tree,using m_zeroPath,to make sure thatthe tree updatesitsgraphicalrepresentation correctly afteritis
reloaded.

Note:Since the roottree node ishidden and the path to itiscollapsed by default,no nodesin the view willbe
visible after a reload() unless we expand m_zeroPath programmatically.

That's all we need to do to create ahistoryview.Assoonastheuserclicksonthetopiclistedinthehelpview,
it will be displayed in the viewer because we inherit this functionality from TOCView.

Running the Code

Figure 25.5 shows the customized help viewerforourFTP Clientexample with the custom history view.
Select several help topics in a row using the TOC or index views and then select the history view. Notethatall
visited help topics are listed in the reverse order that they were visited in. Click on any of these topics and note 
thatviewerjumpsto thattopic (atthe same time the selected topic isdisplayed itmovesto the top ofthe
history view, as expected).

Chapter 26. Swing and CORBA
In this chapter:

• Java 2 and CORBA

• Creating a CORBA interface

• Creating a CORBA server

• Creating a CORBA client

26.1 Java 2 and CORBA
CORBA (Common ObjectRequestBrokerArchitecture)wasdeveloped by the ObjectM anagementGroup
(OM G),a large industry consortium,asan attemptto satisfy the need forinteroperability among the rapidly
proliferating number of hardware and software products available today.The Java 2 platform includes
CORBA-related packages (org.omg.CORBA,org.omg.CosNaming,and theirsub-packages)which can be
used to build CORBA/Java applications and applets.

Note:ThelatestrevisionoftheCORBA architecturespecification adopted by OM G (version 2.2 in February 1998)
is available at http://www.omg.org/library/c2indx.html.

A detailed description ofboth CORBA and theCORBA -related Java2 packagesliesfarbeyond thescopeof
thisbook.However,wefeelthatthepotentialforthistechnology isstrong enough to warranttheinclusion of
an example application showing how to implementa CORBA -enabled back end with Swing up front.For
readers completely new to CORBA, we suggest referencing the following URL before moving on:
http://www.omg.org/corba/beginners.html.

Note:ThecurrentCORBA functionality in Java2 isnotcomplete.Only anaming serviceisimplemented,and the
API docs lack a significant amount of explanation.
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The example in this chapter is presented in three parts and demonstrates how we can build a complete
CORBA-enabled Javaapplication using Swing asafrontend,CORBA asmiddleware,and adatabaseserver
asabackend.W ewillbuild thisapplication using ourstockstableexamplepresented in chapter18 asabase,
and we will use a CORBA-enabled remote server to supply stock data.

26.2 Creating a CORBA interface
TostarttheconstructionofaCORBA-enabledapplication wefirstneedto definean IDL interfacewhich will
be used to retrieve data from a remote server. The example in this section presents twosuchinterfacesandtwo
user-defined exceptions in one module IDL file.

Note:IDL standsforInterface Definition Language.Thislanguage isspecified by OM G and isused define the
interfaces to CORBA objects. Java 2 uses a subset of IDL which is called "Java IDL" (see
http://www.javasoft.com/products/jdk/idl/index.html for more details).

The Code: M arketData.idl
see\Chapter26\1

module MarketDataApp
{
  interface DataUnit {
    string getSymbol();
    string getName();
    double getLast();
    double getOpen();
    double getChange();
    double getChangePr();
    long getVolume();
  };

  exception CorbaSqlException {
    string reason;
  };

  exception LoginException {
  };

  interface MarketData {
    DataUnit getFirstData(in string name, in string password, 
      in long year, in long month, in long day)
      raises(LoginException, CorbaSqlException);

    DataUnit getNextData()
      raises(CorbaSqlException);
  };
};

JavaIDL issimilartoJavaandC++,butitdoeshavesomeimportantdistinctions.First,allparameterspassed
to thedeclared methods(seetheMarketData interface)musthaveadirection attribute:in,out,orinout.
Second, the raises keyword is used to declare exceptions which may be thrown by the associated method.

TheMarketDataApp Java IDL file shown above declares the following:

TheDataUnit interface holds data for a single row in our stocks table.

TheMarketData interfacedeliversasequenceofDataUnit objectsto acaller.The getFirstData()
method returnsthefirstDataUnit objectavailableforagiven year,month,and day, ornull ifno data
is available. Thismethodalsotakesauser'snameandpasswordasparameters,andiscapableofthrowing
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a LoginException or a CorbaSqlException.The getNextData() method returns the next
available DataUnit object.By calling this method repeatedly we can retrieve allsequences ofdata
objects (used to fill each row of our stocks table).

A LoginException exception will be thrown if the user's authentication fails.

The CorbaSqlException exception willbe thrown to encapsulate an SQL exception thrown on the
server side, and pass it to the caller.

To compile this IDL file you need to download the idltojava compiler. This tool is not includedintheJava
2 release, but is freely available from Java Developers Connection web site at
http://developer.java.sun.com/developer/earlyAccess/jdk12/idltojava.html.Thistoolshould be placed in the
Java/bin directory. Once there, we can run the following command:

idltojava -fverbose -fno-cpp MarketData.idl

This command will generate a number of Java source files in a “M arketDataApp” sub-directory:

DataUnit.java: Java interface (listed below) corresponding to our DataUnit CORBA interface.

DataUnitHelper.java:helperclassforthe DataUnit interface.Helpersdeclare a setofusefulstatic
methodsto help manage a given class,notably narrow(),which isthe CORBA counterpartofa Java
class cast.

DataUnitHolder.java:holder class for the DataUnit interface.Holders are required forCORBA
operationsthattakeout orinout arguments.UnlikeCORBA in arguments,out and inout don'tmap
directly to Java's pass-by-value semantics.

_DataUnitImplBase.java:this abstractclass provides a base implementation of a CORBA object
which all concrete implementations of the DataUnit interface must extend.

_DataUnitStub.java: this class represents the implementation of a client stub.It implements the
DataUnit interface and provides the associated functionality for the client.

MarketData.java: Java interface (listed below) corresponding to our MarketData CORBA interface.

MarketDataHelper.java: helper class for MarketData interface.

MarketDataHolder.java: holder class for MarketData interface.

_MarketDataImplBase.java:thisabstractclassprovidesa base implementation ofa CORBA object
which all concrete implementations of the MarketData interfacemust extend.

_MarketDataStub.java:this class represents the implementation of clientstub.Itimplements our
MarketData interface and provides the associated functionality for the client.

CorbaSqlException.java: this class implements the SQL server-side exception.

CorbaSqlExceptionHelper.java: helper class for CorbaSqlException.

CorbaSqlExceptionHolder.java: holder class for CorbaSqlException.

LoginException.java: this class implements the authentication exception.

LoginExceptionHelper.java: helper class for LoginException class.

LoginExceptionHolder.java: holder class for LoginException class.

26.4 Creating a CORBA server
Now that we have the compiler-generated source files it's time to implement the CORBA server which will run 
onaremotecomputer.Firstlet'stakealook atthe DataUnit interfacedescribing adataobjectwhich can be
transported to the caller. The following code is the compiler-generated DataUnit interface, and the
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associatedDataUnitImpl class which implements this interface:

The Code: DataUnit.java
see\Chapter26\M arketDataApp\1

/*
 * File: ./MARKETDATAAPP/DATAUNIT.JAVA
 * From: MARKETDATA.IDL
 * Date: Tue Feb 09 11:31:12 1999
 *   By: idltojava Java IDL 1.2 Aug 18 1998 16:25:34
 */

package MarketDataApp;
public interface DataUnit extends org.omg.CORBA.Object,
 org.omg.CORBA.portable.IDLEntity 
{
  String getSymbol();
  String getName();
  double getLast();
  double getOpen();
  double getChange();
  double getChangePr();
  int getVolume();
}

The Code: DataUnitIm pl.java
see\Chapter26\M arketDataApp\1

package MarketDataApp;

import java.sql.*;

public class DataUnitImpl extends _DataUnitImplBase 
{
  protected String  m_symbol;
  protected String  m_name;
  protected double  m_last;
  protected double  m_open;
  protected double  m_change;
  protected double  m_changePr;
  protected long    m_volume;

  public DataUnitImpl(ResultSet results)
   throws SQLException {
    m_symbol = results.getString(1);
    m_name = results.getString(2);
    m_last = results.getDouble(3);
    m_open = results.getDouble(4);
    m_change = results.getDouble(5);
    m_changePr = results.getDouble(6);
    m_volume = results.getLong(7);
  }

  public String getSymbol()   { return m_symbol; }
  public String getName()     { return m_name; }
  public double getLast()     { return m_last; }
  public double getOpen()     { return m_open; }
  public double getChange()   { return m_change; }
  public double getChangePr() { return m_changePr; }
  public int getVolume()      { return (int)m_volume; }
}
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The compiler-generated DataUnit interface containsseven getXX() methodsintended forretrieving data
fieldsfrom theimplementor.Notethatthesefieldsdirectly correspond to the data fieldsofourStockData
class from chapter 18.

ClassDataUnitImpl extendsthecompiler-generated _DataUnitImplBase class(notlisted here),which,
in turn,implements the DataUnit interface.The seven data fields declared in the DataUnitImpl class
correspond to the getXX() methodsofthe DataUnit interface.The DataUnitImpl constructortakesan
instance of java.sql.ResultSet as parameter, and reads data from each record of the given result set.

Note: CORBA does not support 8-byteintegers, so we are forced to pass the m_volume variable as int.

The Code: M arketData.java
see\Chapter26\M arketDataApp\1

/*
 * File: ./MARKETDATAAPP/MARKETDATA.JAVA
 * From: MARKETDATA.IDL
 * Date: Tue Feb 09 11:31:12 1999
 *   By: idltojava Java IDL 1.2 Aug 18 1998 16:25:34
 */

package MarketDataApp;

public interface MarketData extends org.omg.CORBA.Object, 
 org.omg.CORBA.portable.IDLEntity 
{
  MarketDataApp.DataUnit getFirstData(String name, 
   String password, int year, int month, int day)
    throws MarketDataApp.LoginException,
    MarketDataApp.CorbaSqlException;

  MarketDataApp.DataUnit getNextData()
   throws MarketDataApp.CorbaSqlException;
}

The Code: M arketDataServer.java
see\Chapter26\M arketDataApp\1

package MarketDataApp;

import java.sql.*;
import java.util.*;

import org.omg.CosNaming.*;
import org.omg.CosNaming.NamingContextPackage.*;
import org.omg.CORBA.*;

public class MarketDataServer extends _MarketDataImplBase
{
  protected Connection m_conn;
  protected Statement  m_stmt;
protected ResultSet  m_results;

  public MarketDataServer() {
    try {
      // Load the JDBC-ODBC bridge driver
      Class.forName("sun.jdbc.odbc.JdbcOdbcDriver");
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    }
    catch (Exception e) {
      e.printStackTrace();
    }
  }

  public DataUnit getFirstData(String name, String password, 
   int year, int month, int day)
   throws MarketDataApp.LoginException, MarketDataApp.CorbaSqlException
  {
    if (!name.equals("CORBA") || !password.equals("Swing"))
      throw new MarketDataApp.LoginException();

    String query = "SELECT data.symbol, symbols.name, "+
      "data.last, data.open, data.change, data.changeproc, "+
      "data.volume FROM DATA INNER JOIN SYMBOLS "+
      "ON DATA.symbol = SYMBOLS.symbol WHERE "+
      "month(data.date1)="+month+" AND day(data.date1)="+day+
      " AND year(data.date1)="+year;

    try {
      m_conn = DriverManager.getConnection(
        "jdbc:odbc:Market", "admin", "");

      m_stmt = m_conn.createStatement();
        m_results = m_stmt.executeQuery(query);

     if (m_results.next())
        return new DataUnitImpl(m_results);
      else {
        disconnect();
        return null;
      }
    }
    catch (Exception e) {
      e.printStackTrace();
      throw new CorbaSqlException(e.toString());
    }
  }

public DataUnit getNextData() 
   throws MarketDataApp.CorbaSqlException {
    try {
      if (m_results != null && m_results.next())
        return new DataUnitImpl(m_results);
      else {
        disconnect();
        return null;
      }
    }
    catch (Exception e) {
      e.printStackTrace();
      throw new CorbaSqlException(e.toString());
    }
  }

  protected void disconnect() {
    try {
      if (m_results != null)
        m_results.close();
      if (m_stmt != null)
        m_stmt.close();
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   if (m_conn != null)
        m_conn.close();
    }
    catch (Exception e) {
      e.printStackTrace();
    }
    m_results = null;
    m_stmt = null;
    m_conn = null;
  }

  public static void main(String args[]) {
    try {
      // create and initialize the ORB 
      Properties props = new Properties();
      props.put("org.omg.CORBA.ORBInitialPort", "1250");
      ORB orb = ORB.init(args, props); 

      // create server and register it with the ORB
      MarketDataServer server = new MarketDataServer(); 
      orb.connect(server); 

      // get the root naming context 
      org.omg.CORBA.Object objRef = 
        orb.resolve_initial_references("NameService");
      NamingContext ncRef = NamingContextHelper.narrow(objRef);

      // bind the Object Reference in Naming
      NameComponent nc = new NameComponent("MarketData", "");
      NameComponent path[] = {nc};
      ncRef.rebind(path, server); 

      // wait for invocations from clients
      java.lang.Object sync = new java.lang.Object();
      synchronized (sync) { 
        System.out.println("Waiting for client connection");
        sync.wait(); 
      } 
    } 
    catch (Exception e) {
      e.printStackTrace();
    }
  }
}

The MarketData interface, according to the IDL file described above, defines two methods:
getFirstData() and getNextData(). Class MarketDataServer extends the compiler-generated
_MarketDataImplBase class (not listed here), which, in turn, implementsMarketData interface.

The MarketDataServer constructorloadsthe JDBC-ODBC bridge driverused to retrieve data from the
database.

The getFirstData() method creates an SQL query and returns the firstdata record (in the form ofa
DataUnit) or null if no data is available.As a first step,typical for any network application,user
authentication is checked. If the user's name or password does not match the required values, a
LoginException is thrown.

Note:In amorerealisticCORBA application wewould useamoresophisticated mechanism ofuserauthentication
than hard-coding a single username and password! Encryption is an increasingly important topic for addressing 
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the security of online transactions.

getFirstData() then createsan SQL query to retrievedatacorresponding to a certain date,establishesa
connection to thedriver,createsan SQL statement,and executesaquery.Ifatleastonerecord isretrieved by
thatquery,anew DataUnitImpl objectiscreated and returned.Otherwise,themethod returnsnull.Note
that if any exceptions occur, they will be caught and thrown as CorbaSqlExceptions.

ThegetNextData() methodwillmostlikelybecalledrepeatedlytoretrieveremainingdatarecordsfetched
by an SQL query. If the result set is currently in use and a new record can be retrieved, a new DataUnitImpl
objectis created and returned.Otherwise this method calls disconnect() and returns null.Similarto
getFirstData(), all exceptions are caught and thrown as CorbaSqlExceptions.

Thedisconnect() method closes an SQL connection and sets all related references to null.

The main() method createsan instance ofthisserverand registersitwith an ORB.Let'sdiscussitstep-by-
step:

A callto the ORB.init() static method creates an ORB.The ORB constructortakes two parameters:a
String array of application parameters, and a Properties instance created from within the
application.Notethatwehaveexplicitlysetthe ORBInitialPort propertyto1250,specifyingtheport
for our ORB to run on.

A new MarketDataServer instance is created and connected to our ORB. At this point the ORB servercan
start receiving remote invocations.

The CORBA naming service is resolved,and a reference to the NamingContext instance is retrieved
using the narrow() method (differentimplementationsofthismethod serve asthe equivalentofclass
casting).

A NameComponent objectiscreated to encapsulate the name ofthisservice:“M arketData”.An array of
NameComponentscanholdafullyspecifiedpathtoanobjectonanyfileordisksystem.Inourcase this
pathcontainsonlyoneelement.The rebind() method bindsthispathand theserverobject,soacallto
our server may be resolved by CORBA.

Finally, a java.lang.Object is created and access to it is synchronized to wait for a server connection.

Note: These steps are similar to the typical procedure used to establish an RM I connection.

Note:Becauseofnameconflictwith org.omg.CORBA.Object,allreferencesto java.lang.Object must
be explicit in Java 2 CORBA-related code.

26.5 Creating a CORBA client
Itsfinally timeto takealook athow wecan modify ourstockstableapplication from chapter18 to retrieve
data from the CORBA server.
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Figure 26.1 Login dialog used to connect to CORBA-enabled rem ote server.

<<file figure26-1.gif>>

The Code: StocksTable.java
see\Chapter26\1

import java.awt.*;
import java.awt.event.*;
import java.util.*;
import java.io.*;
import java.text.*;

import javax.swing.*;
import javax.swing.border.*;
import javax.swing.event.*;
import javax.swing.table.*;

import dl.*;
import MarketDataApp.*;

import org.omg.CosNaming.*;
import org.omg.CosNaming.NamingContextPackage.*;
import org.omg.CORBA.*;

public class StocksTable extends JFrame 
{
  protected JTable m_table;
  protected StockTableData m_data;
  protected JLabel m_title;

  private String m_name = "CORBA";
  private String m_password = "Swing";
  protected MarketData m_server = null;    // Remote server ref.

  public StocksTable() {
    super("Swing Table [CORBA]");
    setSize(770, 300);
    getContentPane().setLayout(new BorderLayout());

    // Unchanged code
    WindowListener wndCloser = new WindowAdapter() {
      public void windowOpened(WindowEvent e) {
        LoginDialog dlg = new LoginDialog(StocksTable.this);
        dlg.show();
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        if (!dlg.getOkFlag())
          System.exit(0);

        // Connect to the server
        try {
          // create and initialize the ORB
          String[] args = new String[] 
            { "-ORBInitialPort", "1250", 
              "ORBInitialHost", "localhost" };

   ORB orb = ORB.init(args, null); 

          // get the root naming context
          org.omg.CORBA.Object objRef = 
            orb.resolve_initial_references("NameService");
          NamingContext ncRef = NamingContextHelper.narrow(objRef);

          // resolve the Object Reference in Naming
          NameComponent nc = new NameComponent("MarketData", "");
          NameComponent path[] = {nc};
          m_server = MarketDataHelper.narrow(ncRef.resolve(path));
       } 
        catch (Exception ex) {
          ex.printStackTrace(System.out);
          System.exit(0);
        }
        retrieveData();
      }

      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    };

addWindowListener(wndCloser);

    setVisible(true);
  }

  // Unchanged code

  public void retrieveData() {
    SimpleDateFormat frm = new SimpleDateFormat("MM/dd/yyyy");
    String currentDate = (m_data.m_date == null ? "7/22/1998" :
      frm.format(m_data.m_date));
    String result = (String)JOptionPane.showInputDialog(this, 
      "Please enter date in form mm/dd/yyyy:", "Input", 
    JOptionPane.INFORMATION_MESSAGE, null, null, 
      currentDate);
    if (result==null)
      return;

    // Unchanged code
  }

  // Unchanged code

  class LoginDialog extends JDialog
  {
    protected JTextField m_nameTxt;
    protected JPasswordField m_passTxt;
    protected boolean m_okFlag = false;
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    public LoginDialog(Frame owner) {
      super(owner, "Login", true);
      JPanel p = new JPanel(new DialogLayout2());
      p.add(new JLabel("Name:"));
      m_nameTxt = new JTextField(m_name, 20);
      p.add(m_nameTxt);
      p.add(new JLabel("Password:"));
      m_passTxt = new JPasswordField(m_password);
      p.add(m_passTxt);
      p.add(new DialogSeparator());

      JButton btOK = new JButton("OK");
      ActionListener lst = new ActionListener() { 
        public void actionPerformed(ActionEvent e) {
          m_name = m_nameTxt.getText();

 m_password = new String(m_passTxt.getPassword());
          m_okFlag = true;
          dispose();
        }
      };
      btOK.addActionListener(lst);
      p.add(btOK);

      JButton btCancel = new JButton("Cancel");
      lst = new ActionListener() { 
        public void actionPerformed(ActionEvent e) {
          dispose();
        }
      };
      btCancel.addActionListener(lst);
      p.add(btCancel);

      p.setBorder(new EmptyBorder(10, 10, 10, 10));
      getContentPane().add(p);
      pack();
    setResizable(false);

      Dimension d1 = getSize();
      Dimension d2 = owner.getSize();
      int x = Math.max((d2.width-d1.width)/2, 0);
      int y = Math.max((d2.height-d1.height)/2, 0);
      setBounds(x, y, d1.width, d1.height);
    }

    public boolean getOkFlag() {
      return m_okFlag;
    }
  }

  public static void main(String argv[]) {
    new StocksTable();
  }
}

class ColoredTableCellRenderer extends DefaultTableCellRenderer
{
  public void setValue(java.lang.Object value) {
    // Unchanged code
  }
}

class StockData
{
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  // Unchanged code

  public StockData(DataUnit unit) {
    this(unit.getSymbol(), unit.getName(), unit.getLast(), 
      unit.getOpen(), unit.getChange(), unit.getChangePr(), 
      unit.getVolume());
  }
}

class StockTableData extends AbstractTableModel 
{
  // Unchanged code

  public StockTableData() {
    m_frm = new SimpleDateFormat("MM/dd/yyyy");
    m_vector = new Vector();
    //setDefaultData();        No longer used
  }

  public int retrieveData(java.util.Date date, String name, 
   String password, MarketData server) {
    GregorianCalendar calendar = new GregorianCalendar();
    calendar.setTime(date);
    int month = calendar.get(Calendar.MONTH)+1;
    int day = calendar.get(Calendar.DAY_OF_MONTH);
    int year = calendar.get(Calendar.YEAR);

    try {
      DataUnit unit = server.getFirstData(name, password, 
        year, month, day);

      boolean hasData = false;
      while (unit != null) {
        if (!hasData) {
          m_vector.removeAllElements();
            hasData = true;
        }
        m_vector.addElement(new StockData(unit));
        unit = server.getNextData();
      }

      if (!hasData)    // We've got nothing
        return 1;
    }
    catch (Exception e) {
      e.printStackTrace();
      System.err.println("Load data error: "+e.getMessage());
      return -1;
    }
    m_date = date;
    Collections.sort(m_vector, new 
      StockComparator(m_sortCol, m_sortAsc));
    return 0;
  }
}

// Unchanged code

Understanding the Code
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Class StocksTable

Compared to the finalstocks table example in chapter18,we now importtwo custom packages (dl and
MarketDataApp), and three CORBA-related packages. 

New instance variables:

String m_name: user login name for authentication.

String m_password: user password for authentication.

MarketData m_server: a reference to the remote server obtained from CORBA.

TheWindowAdapter used in thisframeclassnow receivesanew method,windowOpened(),which will
beinvokedwhenaftertheframehasbeencreatedanddispalyedonthescreen(i.e.when setVisible(true)
is called). W e use this method to display a login dialog (see below). Then we connect to the CORBA server by 
following the same procedure asdescribed above.Note thatan additionalproperty,ORBInitialHost,is
passes to the ORB.init() method. This property determines an initial host address which will be checked for 
therequiredCORBA server(notethatifbothaCORBA serverandclientresideon thesamemachine,wecan
omit this property). 

A referencetoaMarketData isretrievedandstoredin ourm_server variable.Then theretrieveData()
method iscalled to populateourtablewith theinitialdatafetched using theCORBA server.Theonly change
made to this method is that it now sets the initial string for data input before calling
JOptionPane.showInputDialog(). The rest of the job is delegated to
StockTableData.retrieveData() method, as we did in the chapter 18 example.

Class LoginDialog

This inner class represents a custom modaldialog which allows inputof a user name and password for
authentication.Ourcustom DialogLayout2 layoutmanager(discussed in chapter4)simplifiesthecreation
of this dialog, which is shown in figure 26.1. 

Ifthe “OK” button ispressed,the username and password are retrieved and stored in classvariables.Italso
setsthem_okFlag to true.Thisflag can beretrieved with the getOkFlag() method and indicateshow this
dialog was closed (i.e. whether “OK” or “Cancel” was pressed).

Class StockData

This class now receives a new constructor which creates a new StockData objectfrom a DataUnit
instance discussed above.

Class StockTableData

This class no longer uses the setDefaultData() method. All data must be retrievedfrom theremoteserver.
TheretrieveData() method now receivesthreenew parameters:username,password,and areferenceto
the remote server. This method no longer uses SQL queries to retrieve data, but instead calls the
getFirstData() methodon theremoteserver(aswediscussed in thelastsection). Then itrepeatedlycalls
getNextData() untilno more data is available.Retrieved data objects are encapsulated in StockData
instances and stored in our m_vector collection.

Running the code

At this point you can compile all code and run the Java 2 name server:

    tnameserv -ORBInitialPort 1250
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Then run our CORBA server:

    java MarketDataApp.MarketDataServer

...and waituntilitdisplaysamessage “W aiting forclientconnection” in theconsole.In anothersession,run
our CORBA client:

    java StocksTable

Enter the user name and password, “CORBA” and “Swing” respectively (they are displayed by default). Select 
a date forretrievalofcorresponding stock data from the remote CORBA server.Thisdata willbe retrieved
and displayed in the table.

Note:Don'tforgettoverifythatyourdatabaseiscorrectlylistedasanODBC datasource.Ifyourserverrunsacross
a network, specify it's host while creating ORB object. 

Note:W e can improve thisapplication’sresponsivenessduring data retrievalby wrapping the associated code in
threads.An even more professionalapplication mightimplementprogressbarsto letthe userknow how far
along the procedure is.

Chapter 27. Contributions
In this chapter:

• M ulti-line tooltips and labels by Albert L. M . Ting

• Swingscape browser by Ron W iditz

27.1 M ulti-line tooltips and labels

...by Albert L. M . Ting of Artisan Components, alt@ artisan.com

One common feature thatwas missing in Swing forsignificantamountoftime was multi-line support,in
particular, multi-line tooltips and labels. In this section we show how to implement this functionality
ourseleves, with support for horizontal as well as vertical text.  The implementation goals for this example are:

1.Be as lightweight as possible. Concatenating multiple JLabels or using a JTextArea is not acceptable 
(using an HTM L renderer for each multiline button or label is not exactly the most efficient solution).

2.Transparently replace JToolTip and JLabel, such that any Swing component (or third party
component)thatusesJToolTip orJLabel would automatically havemulti-linesupport(and vertical
labels support).

3.SupportallL&F's.M oreover,iftheuserchangesL&F,thenewly selected L&F willstillhavemulti-line
support.

The Swing pluggable L&F interface allows us to accomplish all of these goals, by defining a new ToolTipUI
and a new LabelUI and registering them with the UIManager.

Note:As ofSwing 1.1.1 beta1,multi-line labeland button supporthas been added by using an htmlrenderer
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wheneverthetextappearstobehtml-based(seechapter5foranexample). Inthiscaseeachlabelhasit’sown
UIdelegateinstanceand verticaltextisnotsupported. Ourimplementation usesasinglerendererformulti-
line text and vertical text. If the text is html-based, we delegate all painting work to an html renderer.

Figure 27.1 M ulti-line tooltips and labels dem o

<<file figure27-1.gif>>

Figure 27.2 M ulti-line tooltip w ith accelerator display option

<<file figure27-2.gif>>

The Code: PlafM acros.java
see\Chapter 27\Ting\jalt

package jalt;

import javax.swing.*;
import java.util.*;
import java.io.*;
import java.lang.*;
import java.awt.*;

public class PlafMacros implements SwingConstants 
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{
  // don't make these final, since the value is 
  // different on each platform
  private static String LINE_SEPARATOR = 
    System.getProperty("line.separator");
  private static int LINE_SEPARATOR_LEN = 
    LINE_SEPARATOR.length();

  public static String[] breakupLines(String text) 
  {
    int len = text.length();
    if (len == 0)
      return new String[] {""}; 
    else 
    {
      Vector data = new Vector(10);
      int start=0;
      int i=0;
      while (i<len) {
        if (text.startsWith(LINE_SEPARATOR,i)) {
          data.addElement(text.substring(start,i));
         start=i+LINE_SEPARATOR_LEN;
          i=start;
        } 
        else if (text.charAt(i)=='\n')
        {
          data.addElement(text.substring(start,i));
          start=i+1;
          i=start;
        } 
        else { i++; }
      }
      if (start != len)
        data.addElement(text.substring(start));
      int numlines = data.size();
      String lines[] = new String[numlines];
      data.copyInto(lines);
      return lines;
    }
  }

  // See included source for the rest of this class
}

The Code: M ultiLineToolTipUI.java
see\Chapter 27\Ting\jalt

package jalt;

import java.awt.*;
import java.awt.event.*;
import java.util.*;

import javax.swing.*;
import javax.swing.plaf.ToolTipUI;
import javax.swing.plaf.ComponentUI;

public class MultiLineToolTipUI extends ToolTipUI 
{
  static MultiLineToolTipUI SINGLETON = new MultiLineToolTipUI();
  static boolean DISPLAY_ACCELERATOR=true;
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  int accelerator_offset = 15;
  int inset = 3;

  private MultiLineToolTipUI() {}

  public static void initialize() {
    // don't hardcode class name, this way we can obfuscate.
    String key = "ToolTipUI";
    Class cls = SINGLETON.getClass();
    String name = cls.getName();
    UIManager.put(key,name);
    UIManager.put(name,cls);
  }

  public static ComponentUI createUI(JComponent c) {
    return SINGLETON;
  }

  public void installUI(JComponent c) {
    LookAndFeel.installColorsAndFont(c, "ToolTip.background",
      "ToolTip.foreground", "ToolTip.font");
    LookAndFeel.installBorder(c, "ToolTip.border");
  }

  public void uninstallUI(JComponent c) {
    LookAndFeel.uninstallBorder(c);
  }

   public static void setDisplayAcceleratorKey(boolean val) {
    displayAccelerator=val;
  }

  public Dimension getPreferredSize(JComponent c) {
    Font font = c.getFont();
    FontMetrics fontMetrics =
      Toolkit.getDefaultToolkit().getFontMetrics(font);
    int fontHeight = fontMetrics.getHeight();
    String tipText = ((JToolTip)c).getTipText();
    if (tipText == null) 
      tipText = "";
    String lines[] = PlafMacros.breakupLines(tipText);
    int num_lines = lines.length;

    Dimension dimension;
    int width, height, onewidth;
    height = num_lines * fontHeight;
    width = 0;
    for (int i=0; i<num_lines; i++) 
    {
      onewidth = fontMetrics.stringWidth(lines[i]);
      if (displayAccelerator && i == num_lines - 1) 
      {
        String keyText = getAcceleratorString((JToolTip)c);
        if (!keyText.equals(""))
           onewidth += fontMetrics.stringWidth(keyText) 
            + accelerator_offset;
      }
      width = Math.max(width,onewidth);
    }
    return new Dimension(width+inset*2,height+inset*2);
  }
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  public Dimension getMinimumSize(JComponent c) {
    return getPreferredSize(c);
  }

  public Dimension getMaximumSize(JComponent c) {
    return getPreferredSize(c);
  }

  public void paint(Graphics g, JComponent c) {
    Font font = c.getFont();
    FontMetrics fontMetrics =
      Toolkit.getDefaultToolkit().getFontMetrics(font);
    Dimension dimension = c.getSize();
    int fontHeight = fontMetrics.getHeight();
    int fontAscent = fontMetrics.getAscent();
    String tipText = ((JToolTip)c).getTipText();
    String lines[] = PlafMacros.breakupLines(tipText);
    int num_lines = lines.length;
    int height;
    int i;

    g.setColor(c.getBackground());
    g.fillRect(0, 0, dimension.width, dimension.height);
    g.setColor(c.getForeground());
    for (i=0, height=2+fontAscent; 
         i<num_lines; i++, height+=fontHeight) 
    {
      g.drawString(lines[i], inset, height);

if (displayAccelerator && i == num_lines - 1) 
      {
        String keyText = getAcceleratorString((JToolTip)c);
        if (!keyText.equals("")) 
        {
          Font smallFont = new Font(font.getName(), 
            font.getStyle(), font.getSize()-2);
          g.setFont(smallFont);
          g.drawString(keyText, fontMetrics.stringWidth(lines[i]) 
            + accelerator_offset, height);
        }
      }
    }
  }

  public String getAcceleratorString(JToolTip tip) {
    JComponent comp = tip.getComponent();
    if (comp == null)
      return "";
    KeyStroke[] keys =comp.getRegisteredKeyStrokes();
    String controlKeyStr = "";
    KeyStroke postTip=KeyStroke.getKeyStroke(
      KeyEvent.VK_F1,Event.CTRL_MASK);

    for (int i = 0; i < keys.length; i++) 
    {
      // Ignore ToolTipManager postTip action, 
      // in swing1.1beta3 and onward
      if (postTip.equals(keys[i])) 
        continue;
      char c = (char)keys[i].getKeyCode();
      int mod = keys[i].getModifiers();
      if ( mod == InputEvent.CTRL_MASK ) 
      {
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        controlKeyStr = "Ctrl+"+(char)keys[i].getKeyCode();
        break;
      } 
      else if (mod == InputEvent.ALT_MASK) 
      {
        controlKeyStr = "Alt+"+(char)keys[i].getKeyCode();
        break;
      } 

}
    return controlKeyStr;
  }
}

Understanding the Code: M ulti-line tooltips

Class PlafM acros (first look)

In order to display the individual lines, we need a method to break up the tooltip text. Using
java.util.StringTokenizer is unacceptable because:

1. It removes adjacent newlines, and we would like to support multiple blank lines.

2. Some platforms, such as W indows NT, use two characters for a line separator and
java.util.StringTokenizer does not support multi-character dividers.

3.W ewould like to supporttextdefinition in ajavaresourcefile.Sincethevalueforeach property in a
resource file must appear on a single line, we would like to usetheconventional “\n” charactertodenotea
newline, regardless of the running platform ’s line separator.

Our solution is to write our own method, breakupLines(). W e define two class variables,
LINE_SEPARATOR and LINE_SEPARATOR_LEN to hold the line separatorand the characterlength ofthe
separator.W ithin thismethod wefirstcheck to seeifthetext isempty and ifso,return asingleelementarray
holdinganemptystring.Ifnot,weloopthroughthetext,onecharacteratatime,andlookforalineseparator.
Ifwe find one,we extractthe line oftextpreceding itand add itto ourvector,data.W e then repeatthe
process, but change the starting point to begin after the location of the line separator.

Ifwecannotfindalineseparator,wenormallyincrementthestartingpointbyoneandrepeattheprocess.But
tosupporttextdefinedinaresourcefile,wenow checktoseeif“\n” appearsatthecurrentlocation.Ifwesee
a “\n”,we extractthe line oftextand add itto the vector,data.W hen thisprocessfinishes,we add any
trailing textto data.Finally,we copy this vector of lines into an array and return the array.Note that
PlafMacros will also be used in MultiLineLabelUI, discussed below.

Class M ultiLineToolTipUI

The MultiLineToolTipUI extends the ToolTipUI base class and implements multiline tooltip.W e
define two class variables and two instance variables. 

Class variables:

MultiLineToolTipUI SINGLETON: we only need a single instance to handle all tooltips.

boolean displayAccelerator:indicateswhetherweshould display theacceleratorkey,ifany,for
a tooltip.

Instance variables:

int accelerator_offset:defineshow much spaceshould beplaced between the lastline and the
accelerator key.
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int inset: specifies the inset amount between the tooltip window and text. 

Thereisnothingtobedoneintheconstructor.However,wemakeitprivate toinsureonlyasingleinstance
of this class gets created.

  public static void initialize() {
    String key = "ToolTipUI";
    Class cls = SINGLETON.getClass();
    String name = cls.getName();
    UIManager.put(key,name);
    UIManager.put(name,cls);
  }

The initialize() method isthemain routineyou would callatthestartofyourprogram to registerthe
new tooltip UIdelegate.(Afterwards,you can createtooltipsasyou normally would,and embed newlinesif
you wantmultiline text.)W e define the key,“ToolTipUI”,and fetch the singleton’sclassobjectand class
name. W e do it this way, rather than hardcoding the name, so that this class can be easily obfuscated (see note). 
Thenexttwolinesregisterouruserdefined ToolTipUI with theUIManager,by storing theclassnameand
class object.

Note:Obfuscation isthe processofrenaming classesand variablesto shorter,more ‘meaningless’ names,in an
effortto make decompiled classes harderto understand.M any tools existto perform obfuscation forus at
compile time.

The methods:createUI(), installUI(),and uninstallUI() override ComponentUI’s methods,
and initialize the UIonce a java componenthas been constructed. The createUI() method returns an
instance(theonly instance)ofthisclass.TheinstallUI() method initializesthetooltip colorand fontfor
the specific JComponent, if it was not set before hand. It also installs the tooltip border. The
uninstallUI() method clears the border, so that the border can be garbage collected.

The setDisplayAcceleratorKey() method isa classmethod thatthe usercan callto toggle between
displaying and not displaying the accelerator key.

In getPreferredSize() we fetch the tooltip fontinformation,along with the tooltip text.W e then call
PlafMacros.breakupLines() and store the individual lines in the array, lines.Next,we iterate
through each line to determine the maximum width ofthe entire text.Ifwe’re looking atthe lastline (and
displayAccelerator issetto true),wetakeinto accounttheacceleratorstring,ifany,to determinethe
maximimum width.Lastly,wedeterminetheheightbased on thenumberoflines.getMinimumSize() and
getMaximumSize() simply returns the same results as getPreferredSize().

Like getPreferredSize(),the paint() method fetches the tooltip fontinformation along with the
tooltip text.ItthencallsPlafMacros.breakupLines() andstoretheindividuallinesinthearray,lines.
W esettheforeground and background colors,then iteratethrough each lineand draw thetext.Ifthereisan
acceleratorkey (and displayAccelerator issetto true),wedraw theacceleratorkey afterthelastline,
and in a smaller font.

So how do we create a multi-line tooltip?

1. import the jalt package:

    import jalt.*;

2.Callthe MultiLineToolTipUI static method to registerthe MultiLineToolTipUI singleton asthe
delegate for use by all JToolTips:
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    MultiLineToolTipUI.initialize();

3. Use “\n” in your tooltip string to specify multiple lines:

    mylabel.setToolTipText(mytext + "\n\ndoubled space\n\ntooltip");

Understanding the Code: M ulti-line labels

M uch of the multi-line labelcode is modified from various existing methods in the Swing source code.
M oreover,themechanism isvery similarto MultiLineToolTipUI.Ratherthan displaying theentirecode,
we’vedecided to highlighttheinteresting sectionsand suggestthatthereaderfollow through by referencing
theincluded sourcecode. Fornow,wewilljustdiscussthemulti-linesupport. Afterwards,wewillexplain
how we support vertical text.

Class PlafM acros (revisited)

In javax.swing.SwingUtilities,there is a layoutCompoundLabel() method thatis called by
severalUIclasses whenevera component(possibly containing an icon)needs to be laid out.This method
specifieswherethelabeland icon should belaid outby updating three Rectangle instancesthatarepassed
in as parameters (along with other information). It also returns the text, and possibly clipped if the text string is 
too long.However,this method assumes a single line oftext.Itcalculates the textheightinternally,and
always clips the text if the text is too big.

W e’vemodified thismethod to now takeinto accountmulti-linetext,along with theability to optionally clip
the text. This new method is stored in the PlafMacros class under the same method name,
layoutCompoundLabel(). The first thing we did is pass two additional parameters to the method:

int textHeight:ratherthan having themethod internally determinethetextheight,wepassthisvalue
to the method.

boolean clipIt: instead of always clipping the text, we now make it an option.

W ethen extractthetextclipping codeinto aseparatemethod,getClippedText(),and optionally callthe
methodifclipIt istrue and thetextwidthiswiderthan thedisplay width available. Notethatifthelabel
hasitsown javax.swing.text.View rendererstored asthe client’shtml property,the method ignores
thetextheight parameter, and uses the renderer to size the text.

Another method we’ve modified is drawString(), as defined in
javax.swing.plaf.basic.BasicGraphicsUtils.Thismethod drawsthe string,and underlinesthe
firstcharacterthatmatches the mnenomic (ifany).W e now make drawString() return true ifitdid
underline the mnenomic character,otherwise itshould return false.This willinsure thatthe mnenomic
character is underlined only once, even if the same character appears on multiple lines in the label.

Class M ultiLineLabelUI (horizontal text support)

W ewillfirstexplain how weimplement horizontalmulti-linetextand glossoverthecodesupporting vertical
text.  Afterwards, we will explain vertical text support in detail.

W e firstdefine severalclass variables,which willbe used by the userto specify individual(and default)
alignmentmodes and clip modes.

  public static String MULTI_ALIGNMENT_MODE = "multiAlignment";
  public static String BLOCK = "block";
  public static String INDIVIDUAL = "individual";

  public static String CLIPPED_MODE = "clippedMode";
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  public static String CLIPPED = "clipped";
  public static String NOT_CLIPPED = "notClipped";

  // we only need a single instance to handle all labels.
  protected static MultiLineLabelUI SINGLETON = new MultiLineLabelUI();

  private static String defaultAlignmentMode = INDIVIDUAL;
  private static String defaultClippedMode = CLIPPED;

Like MultiLineToolTipUI, MultiLineLabelUI defines a singleton for use by all labels.
MultiLineLabelUI supports BLOCK and INDIVIDUAL alignment.Thisallowsusto align all lines
in a label together or separately. Figure 27.3 illustrates:

Figure 27.3 INDIVIDUAL and BLOCK alignm ent

<<file figure27-3.gif>>

Theusercan specify thedefaultalignmentmodeofalllabelsusing the MultiLineLabelUI staticmethod
setDefaultAlignmentMode().The user can also specify the alignmentmode foreach individuallabel,
by assigning aMULTI_ALIGNMENT_MODE clientproperty (using JComponent’sputClientProperty()
method--refer back to chapter 1).

Forexample,to setthe individualalignmentmode,regardless ofthe defaultalignment,on a labelusing
MultiLineLablUI, you would do this:

  myLabel.putClientProperty(MultiLineLabelUI.MULTI_ALIGNMENT_MODE,
    MultiLineLabelUI.INDIVIDUAL); 

putClientProperty() fires a PropertyChangeEvent,and the UI’s propertyChange() method
receivesit,and repaintsthe labelaccordingly.Thismethod overrides its BasicLabelUI counterpart,and
sends alltraffic notcorresponding to ouralignmentorclipping (see below)properties up to this class for
processing:

  public void propertyChange(PropertyChangeEvent e) {
    if (e.getPropertyName().equals(MULTI_ALIGNMENT_MODE) ||
        e.getPropertyName().equals(CLIPPED_MODE)) {
      JLabel label = (JLabel) e.getSource();
      label.repaint();
    } else {
      super.propertyChange(e);
    }
  }

Note:BasicLabelUI implements the PropertyChangeListener interface, and when this UI is installed (i.e. 
when its installUI() method is invoked) BasicLabelUI also attaches itself as a
PropertyChangeListener through JComponent’s addPropertyChangeListener() method.
Since MultiLineLabelUI extends this class, and its installUI() method just calls
super.installUI(), this functionality is fully inherited.

MultiLineLabelUI also supports CLIPPED and NOT_CLIPPED text.The usercan specify the default
clipped mode in setDefaultClippedMode().The user can also specify the clipping mode for each
individuallabel,byassigningaCLIPPED_MODE property.Figure27.4illustrates.Theleft-mostpictureshows
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a label with enough room to fit the complete text, so clipping would not come into play whether enabled or not. 
The middle picture shows thatsame labelwith its bounds reduced and clipping enabled.The right-most
pitcure shows that label with clipping turned off. Each of these labels is in INDIVIDUAL alignmentmode.

Figure 27.4 CLIPPED and NOT_CLIPPED clipping m odes

<<file figure27-4.gif>>

Note:Clipping occurswhen itisdetermined thatassigned textwillnotfitwithin alabel’sbounds.W hen clipping
occurs“...” isappended to theend ofthelabeltext. OurPlafMacros classprovidesaway around this,asit
is often unacceptable behavior. 

Theinitialize() method issimilarto MultiLineToolTipUI’sinitialize() method.W ecallthis
method to register the new UI delegate.

  public static void initialize() {
    // don't hardcode the class name, this way we can obfuscate.
    String key = "LabelUI";
    Class cls = SINGLETON.getClass();
    String name = cls.getName();
    UIManager.put(key,name);
    UIManager.put(name,cls);
  }

The getPreferredSize() method firstiteratesthrough each line to determine the maximum width and
total number of lines.

      FontMetrics fm = label.getToolkit().getFontMetrics(font);
      int fontHeight = fm.getHeight();
      String lines[] = PlafMacros.breakupLines(text);
    int num_lines = lines.length;

      String maxline = "";
      int maxwidth=0;
      boolean clippedMode = isClippedMode(label);

      for (int i=0; i<num_lines; i++) {
        int w = fm.stringWidth(lines[i]);
        if (w > maxwidth) {
          maxline = lines[i];
          maxwidth = w;
        }
      }

Then itcallslayoutCL() which then callsourversion oflayoutCompoundLabel(),passing itthe text
height (num_lines*fontHeight) and the clip mode (clippedMode).

layoutCL(label,fm,maxline,icon,viewR,iconR,textR,
               num_lines*fontHeight,clippedMode);

Ifthe labelhasitsown rendererstored in the clientproperty,html,layoutCL() willuse thisrendererto
size and layout the text, ignoring the given text and font height parameters.

The paint() method also iteratesthrough each line to determine the maximum width and totalnumberof
lines.Itthen calls layoutCL() to getthe label(and possibly icon)layoutinformation.The nextblock of
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code does the actual painting. 

Ifthe labelhasitsown textrenderer,itusesthisrendererto do the actualpainting. Otherwise,for BLOCK
alignment, it iterates through each line, clipping each line if necessary. For INDIVIDUAL alignment,
layoutCL() is called again,since each line needs to be realigned horizontally.layoutCL() willthen
return the text, possibly clipped. For each line we then call paintEnabledText() or
paintDisabledText(),depending on the label’s enabled state,to actually paintthe text.These two
routines willthen return true ifthe mnemonic characterhas been underlined forthe particularline.This
provides us withamechanism forguaranteeingthatfuturelineswillnotunderlineanycharactersmatchingthe
mnemonic.

So how do we create a multi-line label?

1. importthejalt package:

    import jalt.*;

2. Call the MultiLineLabelUI staticmethodtoregistertheMultiLineLabelUI singletonasthedelegate
for use by all JLabels:

    MultiLineLabelUI.initialize();

3. Use “\n” or get your system ’s line separator string and use it in your label to specify multiple lines:

    String separator = System.getProperty("line.separator");
    JLabel label = new JLabel("some text" + separator +
      "some more text" + separator +
      "last line of text");

4. If you want html based text, specify the text using html tags:

JLabel label = new JLabel("<html>some text<br>some more text<br>");

Class M ultiLineLabelUI (vertical text support)

Verticaltextsupportisabitslowerto draw,mainly becauseeach characterneedsto berendered individually.
However,since mostapplicationsrequire very little amountofverticaltext,thisisnotlikely to presentany
significant performance problems.

W e first define a few more class variables.

  public static String ORIENTATION_MODE = "orientationMode";
  public static String HORIZONTAL = "horizontal";
  public static String VERTICAL = "vertical";

  public static String VERTICAL_SPACE = "verticalSpace";
  public static String VERTICAL_WIDTH = "verticalWidth";

  private static String DEFAULT_VERTICAL_WIDTH = "W";
  private static String DEFAULT_VERTICAL_SPACE = " ";

ORIENTATION_MODE is another property used to define the orientation for a specific label.
VERTICAL_SPACE and VERTICAL_WIDTH arepropertiesused to specify thetextwidth ofeach column and
the amountofspace between each columm (the defaultis W and a blank space,respectively). Ideally,we
would useintegersto specify thenumberofpointsforthewidth and column spacing. However,in orderto
limit the number of changes to layoutCompoundLabel(), we use character strings instead.
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The user can specify the default vertical width and column spacing using the static methods
setDefaultVerticalSpace() and setDefaultVerticalWidth().

W e then define the getTotalVerticalWidth() method which returns a string representing the maximum
width of the text it will be painting.  This string is based on the number of lines of text, multiplied by the 
column width and column spacing. 

  protected String getTotalVerticalWidth(JLabel label, int numLines) {
    String space = getVerticalSpace(label);
    char[] spaceArr = space.toCharArray();
    int spaceLen = spaceArr.length;
    String width = getVerticalWidth(label);
    char[] widthArr = width.toCharArray();
    int widthLen = widthArr.length;
    char[] totalWidth = new char[spaceLen*numLines+widthLen*(numLines-1)];
    for (int i=0; i<numLines; i++) {
      System.arraycopy(widthArr,0,totalWidth,i*(spaceLen+widthLen),widthLen);
      if (i!=numLines-1) {

System.arraycopy(spaceArr,
               0,

                 totalWidth,
                 i*(spaceLen+widthLen)+widthLen,
                  spaceLen);

      }
    }
    return new String(totalWidth);
  }

In the getPreferredSize() method, if the text should be drawn vertically, we call
getTotalVerticalWidth() to fetch the string representing the maximum width. Next, we call
layoutCL(),passing thisstring asthetext. Forthe textHeight,wetakethenumberofcharactersofthe
maximum line, and multiply it by the font height (maxline.length()*fontHeight).

The paint() method does the same thing, it calls getTotalVerticalWidth() and then calls
layoutCL() to getthelabel(and possibly icon)layoutinformation. Itthen iteratesthrough each line,and
drawseach character,horizontally centered in the associated column. ForINDIVIDUAL alignment,itcalls
layoutCL() on each line to re-layout the vertical position of the text.

So how do we create a vertical label?

1. import the jalt package:

    import jalt.*;

2. Call the MultiLineLabelUI static method to register the MultiLineLabelUI singleton as the
delegate for use by all JLabels:

    MultiLineLabelUI.initialize();

3. Defineyourlabel,using “\n” orthesystem ’slineseparatorstring to specify multiplelinesand then setthe
ORIENTATION_MODE property to specify vertical text.

    JLabel label = new JLabel("some text\nsome more text");
    Label.putClientProperty(MultiLineLabelUI.ORIENTATION_MODE,
                            MultiLineLableUI.VERTICAL);

Running the Code:
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An examplehasbeen included demonstrating mult-linetooltipsand labels,along with verticallabels.Figure
27.1 showsitin action.Themenu barprovideschoicesallowing usto changethealignmentofthelabelsin
boththetableandthelabelsontheright-handside.W ecanalsochangetheclippingmodeofthetable’scells,
and togglethedisplay ofacceleratorsin tooltips.Figure27.2 showsthe “Exit” menu item ’stooltip displayed
with no accelerator (left) and with accelerator (right).

27.2 Swingscape browser

...by Ron W iditz. Sr. Technologist, Zeal, Inc. a modis Solutions Co., rwiditz@ modisit.com, 

http://www.zealinc.com/

Thisapplication usesSwing HTM L functionality and undo/redo facilitiesto provide a capable browser(see
chapter11 foran overview ofJEditorPane and the javax.swing.undo package).Itdemonstratesthe
use ofcontext-sensitive tooltips with toolbarbuttons,unlimited levels ofundo,and an HTM L 3.2 viewer
supporting tables,frames,forms and links. Italso provides navigation via dropdown menus,mnemonics,
hyperlinks, form submits, toolbar buttons, and text entry. 

Figure 27.5 Running the Sw ingscape exam ple displaying a com plex HTM L rendering.

<<file figure27-5.gif>>

The Code: Swingscape.java
see\Chapter27\W iditz

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.undo.*;
import javax.swing.text.*;
import javax.swing.text.html.*;
import javax.swing.event.*;
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public class Swingscape extends JFrame implements HyperlinkListener 
{
  public static final String TITLE_TEXT = "Swingscape browser";
  public static final String HOME_DEFAULT =
    "http://java.sun.com/products/jfc/";
  protected String m_CurrentURL = HOME_DEFAULT;

  protected JEditorPane m_HtmlPane;
  protected JToolBar m_toolBar;
  protected JButton m_btnBack, m_btnForward, m_btnReload;
  protected JMenuItem m_mnuBack, m_mnuForward;
  protected JTextField m_txtURL;

  protected URLundoManager m_undo = new URLundoManager();

  public Swingscape() {
    super(TITLE_TEXT);

    Dimension dim = Toolkit.getDefaultToolkit().getScreenSize();
    if ( dim.width <= 640 ) {
      setSize(dim.width,dim.height);
    }
    else {
      int initWidth = dim.width - dim.width/10;
      int initHeight = dim.height - dim.height/10;
      setSize( initWidth, initHeight );
      setLocation( dim.width/2-initWidth/2,
        dim.height/2-initHeight/2 );
    }

    setJMenuBar(createMenuBar());
    getContentPane().add(m_toolBar, BorderLayout.NORTH);

    m_HtmlPane = new JEditorPane();
    m_HtmlPane.setEditorKit(new HTMLEditorKit());
    m_HtmlPane.setEditable(false);
    m_HtmlPane.addHyperlinkListener(this);

    JScrollPane mScroller = new JScrollPane();
    mScroller.getViewport().add(m_HtmlPane);
    getContentPane().add(mScroller, BorderLayout.CENTER);

    addWindowListener( new WindowAdapter() {
      public void windowClosing(WindowEvent e) {
        System.exit(0);
      }
    } );

    m_btnReload.doClick();
    setVisible(true);
  }

  protected JMenuBar createMenuBar() {
    JMenuBar menuBar = new JMenuBar();

    JMenu mFile = new JMenu("File");
    mFile.setMnemonic('f');

    JMenuItem item = new JMenuItem("Reload");
    item.setMnemonic('r');

    Action actionReload = new AbstractAction("Reload") {
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      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() {
            m_HtmlPane.setText("reset doc & reload");
            DisplayPageDirect(m_CurrentURL);
          }
        };
        runner.start();
      }
    };

    item.addActionListener(actionReload);
    mFile.add(item);

    item = new JMenuItem("Exit");
    item.setMnemonic('x');

    item.addActionListener( new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        System.exit(0);
      }
    });

    mFile.add(item);
    menuBar.add(mFile);

    JMenu mGo = new JMenu("Go");
    mGo.setMnemonic('g');

    m_mnuBack = new JMenuItem("Back");
    m_mnuBack.setMnemonic('b');
    m_mnuBack.setEnabled(false);

   Action actionBack = new AbstractAction("Back") {
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() {
            try {
              String mDoURL = m_undo.swapURL(m_CurrentURL);

        m_undo.undo();  //URL now in redo
              DisplayPageDirect(mDoURL);
            }
            catch (CannotUndoException exc) {}
            finally {
              updateMenu_Buttons();
            }
          }
        };
        runner.start();
      }
    };

    m_mnuBack.addActionListener(actionBack);
    mGo.add(m_mnuBack);

    m_mnuForward = new JMenuItem("Forward");
    m_mnuForward.setMnemonic('f');
    m_mnuForward.setEnabled(false);

    Action actionForward = new AbstractAction("Forward") {
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
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          public void run() {
            try {
              m_undo.redo();
              DisplayPageDirect(m_undo.swapURL(m_CurrentURL));
           }
            catch (CannotRedoException exc) {}
            finally {
              updateMenu_Buttons();
            }
          }
        };
        runner.start();
      }
    };

    m_mnuForward.addActionListener(actionForward);
    mGo.add(m_mnuForward);

    item = new JMenuItem("Home");
    item.setMnemonic('h');

    Action actionHome = new AbstractAction("Home") {
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() {
            Display_RecordUndo(HOME_DEFAULT);
          }
        };
        runner.start();
      }
    };

    item.addActionListener(actionHome);
    mGo.add(item);
    menuBar.add(mGo);

    m_toolBar = new JToolBar();

    m_btnBack = m_toolBar.add(actionBack);
    m_btnBack.setEnabled(false);
    m_btnBack.setBorderPainted(false);
    m_btnBack.setRequestFocusEnabled(false);
    m_btnBack.addMouseListener(new PopButtonListener());
    m_toolBar.addSeparator();

    m_btnForward = m_toolBar.add(actionForward);
    m_btnForward.setEnabled(false);
    m_btnForward.setBorderPainted(false);
    m_btnForward.setRequestFocusEnabled(false);
    m_btnForward.addMouseListener(new PopButtonListener());
    m_toolBar.addSeparator();

    m_btnReload = m_toolBar.add(actionReload);
    m_btnReload.setToolTipText(HOME_DEFAULT);
    m_btnReload.setBorderPainted(false);
    m_btnReload.setRequestFocusEnabled(false);
    m_btnReload.addMouseListener(new PopButtonListener());
    m_toolBar.addSeparator();

    JButton btnHome = m_toolBar.add(actionHome);
    btnHome.setToolTipText(HOME_DEFAULT);
    btnHome.setBorderPainted(false);
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    btnHome.setRequestFocusEnabled(false);
    btnHome.addMouseListener(new PopButtonListener());
    m_toolBar.addSeparator();

    m_txtURL = new JTextField(HOME_DEFAULT);

    m_txtURL.addActionListener( new ActionListener() {
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() {

String m_URL = m_txtURL.getText().trim();
            if ( m_URL.length() > 0 ) 
            {
              String checkForProtocol = 
                m_URL.substring(0,7).toLowerCase();
              if (!checkForProtocol.equals("http://") &&

       !checkForProtocol.startsWith("file:/")) 
              {
                if (checkForProtocol.indexOf(':') == 1) 
                { // Drive letter?
                  m_URL = "file:/"+m_URL;
                }
                else 
                { // Assume a website...
                  m_URL = "http://"+m_URL;
                }
              }
              Display_RecordUndo(m_URL);
            }
          }
        };
        runner.start();
      }
    });

    m_toolBar.add(m_txtURL);
m_toolBar.setFloatable(false);

    return menuBar;
  }

  public void hyperlinkUpdate(HyperlinkEvent e) {
    if ( e.getEventType() == HyperlinkEvent.EventType.ACTIVATED ) {
      final String dest =  e.getURL().toString();
      Thread runner = new Thread() {
        public void run() {
          Display_RecordUndo(dest);
        }
      };
      runner.start();
    }
  }

  public void updateMenu_Buttons() {
    boolean mDoState = m_undo.canUndo();

    m_mnuBack.setEnabled(mDoState);
    m_btnBack.setEnabled(mDoState);

    if ( mDoState ) {
      m_btnBack.setToolTipText(m_undo.getUndoPresentationName());
    }
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    else {
      m_btnBack.setToolTipText(null);
    }

    mDoState = m_undo.canRedo();

    m_mnuForward.setEnabled(mDoState);
    m_btnForward.setEnabled(mDoState);

    if ( mDoState ) {
      m_btnForward.setToolTipText(m_undo.getRedoPresentationName());
    }
    else {
      m_btnForward.setToolTipText(null);
    }
  }

  public void Display_RecordUndo(String strURL) {
   String mCompareURL = strURL.intern();

    if ( m_CurrentURL != mCompareURL ) {
      m_undo.addURL(m_CurrentURL);
      updateMenu_Buttons();
      DisplayPageDirect(mCompareURL);
    }
  }

  public void DisplayPageDirect(String strURL) {
    m_CurrentURL = strURL;
    m_txtURL.setText(strURL);
    m_btnReload.setToolTipText(strURL);

    try {
      // setCursor(Cursor.getPredefinedCursor(Cursor.WAIT_CURSOR));
      // future feature
      m_HtmlPane.setPage(strURL);
    }
    catch (Exception exc) {
      System.out.println("Problem loading URL...");
    }
    /*  setCursor() expected to work properly in 
        JDK1.1.8 & JDK1.2.2, bug#4160474
    finally {
      setCursor(Cursor.getPredefinedCursor(Cursor.DEFAULT_CURSOR));
    }
    */
}

  public static void main(String[] args) {
    new Swingscape();
  }

  class PopButtonListener extends MouseAdapter {
    public void mouseEntered(MouseEvent e) {
      ( (JButton)e.getSource() ).setBorderPainted(true);
    }

    public void mouseExited(MouseEvent e) {
      ( (JButton)e.getSource() ).setBorderPainted(false);
    }
  }
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  class UndoableURL extends AbstractUndoableEdit {
    private String m_URL;

    public UndoableURL(String m_URL) {
      this.m_URL = m_URL;
    }

    public String getPresentationName() {
      return m_URL;
    }
  }

  class URLundoManager extends CompoundEdit {
    int m_IdxAdd = 0;

    public String getUndoPresentationName() {
      return ((UndoableURL)
        edits.elementAt(m_IdxAdd-1)).getPresentationName();
    }

    public String getRedoPresentationName() {
      return ((UndoableURL)
        edits.elementAt(m_IdxAdd)).getPresentationName();
    }

    public void addURL(String newURL) {
      if ( edits.size()>m_IdxAdd ) {

 edits.setElementAt(new UndoableURL(newURL),m_IdxAdd++);
        for ( int i=m_IdxAdd; i<edits.size(); i++ ) {
          edits.removeElementAt(i);
        }
      }
      else {
        edits.addElement(new UndoableURL(newURL));
        m_IdxAdd++;
      }
    }

    public String swapURL(String newURL) {
      String m_oldURL = getUndoPresentationName();
      edits.setElementAt(new UndoableURL(newURL),m_IdxAdd-1);
      return m_oldURL;
    }

    public synchronized boolean canUndo() {
      if ( m_IdxAdd > 0 ) {
        UndoableURL edit = (UndoableURL)edits.elementAt(m_IdxAdd-1);
        return edit != null && edit.canUndo();
      }
      return false;
    }

    public synchronized boolean canRedo() {
      if ( edits.size()>m_IdxAdd ) {
      UndoableURL edit = (UndoableURL)edits.elementAt(m_IdxAdd);

        return edit != null && edit.canRedo();
      }
      return false;
    }

    public synchronized void undo() throws CannotUndoException {
      ( (UndoableURL)edits.elementAt(--m_IdxAdd) ).undo();
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    }

    public synchronized void redo() throws CannotRedoException {
      ( (UndoableURL)edits.elementAt(m_IdxAdd++) ).redo();
    }
  }
}

Understanding the Code

Class Swingscape

This class extends JFrame to provide the supporting frame for this example, and implements
HyperlinkListener to handle URL changes thatcan occur in the contained editor pane. Two class
variables are defined:

String TITLE_TEXT: title bar text for the application frame.

String HOME_DEFAULT: browser pre-defined homepage.

Instance variables:

String m_CurrentURL: the URL being displayed (defaults to HOME_DEFAULT).

JEditorPane m_HtmlPane: text component for HTM L display.

JToolbar m_toolBar: browser navigation controls toolbar.

JButton m_btnBack: push button tomove back to a previously visited URL.

JButton m_btnForward: push button to move foreward to a previously visited URL.

JButton m_btnReload: push button to refresh the current page.

JMenuItem m_mnuBack:menu selection to move back to a previously visited URL.

JMenuItem m_mnuForward:menu selection to move foreward to a previously visited URL.

JTextField m_txtURL: URL text entry field.

URLundoManager m_undo: an object that manages back/forward operations via undo/redo.

The default constructor for Swingscape creates and initializes all GUI components. The frame is
initialized by calling super() and passing itourTITLE_TEXT constant,“Swingscapebrowser.” Itsinitial
sizeissettothemaximum screen dimensionsifthescreen width isfound to be640 orless.Otherwise10% is
deducted from each dimension and itis centered via setLocation().A callto createMenuBar() is
made,which initializesand returnsa JMenuBar,and initializesthe m_toolBar JToolBar.The resulting
menu bar is then assigned to our frame, and the toolbar is placed in the NORTH region of the content pane. 

An editorpane is created and setto expectHTM L documents in read-only (non-editing)mode.Because
Swingscape implementsthe HyperlinkListener interface,we passthe editora this reference asthe
destination of HyperlinkEvents (see the hyperlinkUpdate() method below):

    m_HtmlPane = new JEditorPane();
    m_HtmlPane.setEditorKit(new HTMLEditorKit());
    m_HtmlPane.setEditable(false);
    m_HtmlPane.addHyperlinkListener(this);

Theeditoristhen placed in ascrollpanewhich isplaced in the CENTER ofthecontentpane.Theconstructor
endswith a programmatic click on the “reload” button which willattemptto load the URL represented by
DEFAULT_HOME.The reason we perform a programm atic click isbecause the action handling code forthat
button is wrapped in a separate thread which will not affect the responsiveness of our interface.
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The createMenuBar() method creates and populates ourdropdown menus,toolbar,and the associated
action listeners. They both receive components based on Action objects that are responsible for the
program ’snavigationalfeatures.The action handling code ofeach Action objectiswrapped in a separate
thread to ensure that our GUI remains responsive at all times.

M enu item “Reload” from the menu “File” provides a browser page refresh:

    Action actionReload = new AbstractAction("Reload") {
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() {
            m_HtmlPane.setText("reset doc & reload");
            DisplayPageDirect(m_CurrentURL);
          }
        };
        runner.start();
      }
    };

Theaction handling codetemporarily setstheeditorpanetextto “resetdoc & reload” and then requeststhe
current URL to be loaded.

M enu item “Exit” terminatestheSwingscape’sexecution viaSystem.exit(0). Becausewedon’tplace
an “Exit” button on the toolbar,we simply create an ActionListener as an anonymous innerclass to
handle this menu item.

The “Go” menu has three menu items each with corresponding toolbarbuttons. M enu items “Back” and
“Forward” areimplemented with similarcode. The “Back” menu item providesaway ofrevisiting previous
URLsinreverseorder. ItaccomplishesthisbymovingthecurrentURL intoaredoablestatewhilerequesting
the undoable URL:

    Action actionBack = new AbstractAction("Back") {
      public void actionPerformed(ActionEvent e) {
        Thread runner = new Thread() {
          public void run() {
            try {
              String mDoURL = m_undo.swapURL(m_CurrentURL);
              m_undo.undo();  // URL now in redo
              DisplayPageDirect(mDoURL);
            }
            catch (CannotUndoException exc) {}
            finally {
              updateMenu_Buttons();
            }
          }
        };
        runner.start();
      }
    };

TheswapURL() method (seebelow)grabstheundo/“Back” URL String whileplacing thecurrentoneon
the undo stack.The undo() method is called to move this URL to a redo/“Forward” state.The URL
corresponding to undo/“Back” is requested using our custom DisplayPageDirect() method. Since
undo() can throw an exception,itiswrapped within atry/catch block.The updateMenu_Buttons() call
isplaced in afinally clause so thatno matterwhathappens,the state ofthe toolbarbuttonsand menu items
will be updated according to the undo/redo state of our URLundoManager instance, m_undo (see below).
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M enu item “Forward” reverses any undo/“Back”s by displaying URLs in the ordertheywereoriginallyvisited.
The relevant code moves the current URL into an undoable state and then the redoable URL is requested:

    m_undo.redo();
    DisplayPageDirect(m_undo.swapURL(m_CurrentURL));

Initially,theredo/“Forward” URL isshifted to atemporary undo statevia redo().OurswapURL() method
isthen used to grab theformerredo/“Forward” URL whileplacing thecurrently displayed URL on theundo
stack.

M enu item “Home” displays the URL obtained via the HOME_DEFAULT String representation. The
Display_RecordUndo() method (see below)is called to provide undo/redo functionality forthis URL
change as well.

For a more modernized feel,each toolbar button is created with:no painted border,no keyboard focus
changing abilities,and a custom PopButtonListener to toggle between borderpainting modeswhen the
mousemoves in and out of its bounds (see below).

A text field is added to the toolbar for display and entry of destination URLs. Its associated
ActionListener isconstructed asan anonymousinnerclass.Ittrimswhitespace,checksforhttp and the
localfileprotocols,and attemptsto selectan appropriateprotocol,ifnoneistyped,beforeattempting to load
the resulting URL:

              String checkForProtocol =
                m_URL.substring(0,7).toLowerCase();
              if (!checkForProtocol.equals("http://") &&
                  !checkForProtocol.startsWith("file:/")) 
              {
                if (checkForProtocol.indexOf(':') == 1) 

    { // Drive letter?
                  m_URL = "file:/"+m_URL;
                }
                else 
                { // Assume a website...
                  m_URL = "http://"+m_URL;
                }
              }
              Display_RecordUndo(m_URL);

Initially,any leading or trailing white spaces are trimmed away using the String trim() method. If
anything remains, the first seven characters are forced to be lower case for case-insensitive text comparison.  If 
a protocol of “http” or “file” is present, we assume that we canproceedwithanattempttodisplaytheURL.If
neitherprotocolisfound,aquickcheckismadeforacolon thatmay representthesecondcharacterofadrive
specification(e.g.c:ord:inW indows/DOS-based systems).Ifthisisfound weattach “file:/” asaprefix.The
URL isthen requested viaDisplay_RecordUndo() which also placesthecurrentURL in an undo/“Back”
state.

Note:Operating system specificcodemightbeadded to do abetterjob recognizing filepaths.Thisfunctionality is
beyond the scope of this example, but would be expected of a commercial implementation.

ThecreateMenuBar() method endsby setting thetoolbar’sfloatableproperty to false and returning the
menu bar. Both items are dealt with accordingly in the constructor, as discussed above.

M ethod hyperlinkUpdate() iscalled wheneveran HTM L link isselected from ourm_HtmlPane editor
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pane.  The referenced URL is requested if the event proves to be an ACTIVATED link:

    if (e.getEventType() == HyperlinkEvent.EventType.ACTIVATED) {
      Display_RecordUndo(e.getURL().toString());
    }

M ethod updateMenu_Buttons() checks the undoable and redoable states via URLundoManager
methods, and sets the menu and toolbarbuttonstatesaccordingly.Thetooltips arechangedtothecurrentundo
and redo URLs, or are temporarily disabled if no undo or redo URLs exist.

M ethod Display_RecordUndo() efficiently stores a single URL String.The intern() method is
called so unique String poolreferenceswillbe used (this can save memory and providesfasterString
comparisons).Itthen checksifthe given URL isdifferentthan the currentURL.Ifso,itgetsadded to the
undo list, menus/toolbar buttons are updated, and the URL is then requested for display:

    String mCompareURL = strURL.intern();

    if ( m_CurrentURL != mCompareURL ) {
      m_undo.addURL(m_CurrentURL);
      updateMenu_Buttons();
      DisplayPageDirect(mCompareURL);
    }

Aswehaveseen,allSwingscape URL requestsareforwarded to DisplayPageDirect() whosejob itis
to attemptto load the destination page in our m_HtmlPane editor pane.The URL String parameter
becomesthe currentpage and the itisshown in the toolbar’stextfield. The Reload button’stooltip textis
updated to indicate this URL is the one that will be refreshed when pressed.

    public void DisplayPageDirect(String strURL) {
      m_CurrentURL = strURL;
      m_txtURL.setText(strURL);
      m_btnReload.setToolTipText(strURL);

Thismethod assignsa waitcursorto oureditorpane asan attemptismade to load the requested URL via
m_HtmlPane.setPage(strURL). A finally clauseservesto resetthecursorto thedefaultcursorwhether
the page was successfully loaded or not. (This functionality is commented out--see note below.)

Note:setCursor() logic intermittently functions on W indows™ platforms butSunsoftclaims to have a fix
according to Bug Parade#4160474 included in JDK1.1.8 and JDK1.2.2 releases.

M ethod main() providesthe entry pointforthe application and callsthe Swingscape constructorto get
things rolling.

Class PopButtonListener

ThisclassextendsMouseAdapter to provide popup/hidden button bordersupportforthe toolbar.M ethod
mouseEntered() shows the button’s border when the mouse enters its bounds, making the buttons appear to
popupinarolloverfashion.M ethod mouseExited() turnsoffthebuttonborderwhenthemousemovesout
of its bounds.

Class UndoableURL

This class extends AbstractUndoableEdit to provide the undoable/redoable URL objects (which
correspondto “Back”/“Forward” actions,respectively). URLundoM anager(seebelow)collectively organizes
these objects.  One instance variable is declared:

String m_URL:“Back” or “Forward” String URL including protocol and any trailing arguments.
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The constructorofthe UndoableURL() initializes this variable as the given String parameter.M ethod
getPresentationName() simply returns this String when requested by our URLundoManager.

Class URLundoM anager

This class extends CompoundEdit to provide the mechanism behind the browser’s undo/redo
(“Back”/“Forward”) functionality. As we learned in chapter 19, CompoundEdit contains a protected
Vector called edits used to store its UndoableEdits.W e also learned thatthe UndoManager class
extendsCompoundEdit to provide a convenient mechanism  for undoing and redoing single edits.

Our URLundoManager class functions similar to UndoManager, but streamlines its methods for the
browser’sneedswhile providing additionalcontroloverundo/redo states.The mostsignificantdifference is
thatwe supportan intermediate state between undo and redo.Forinstance,when an undo is invoked,the
associated UndoableURL willnotautomatically move to the redo state.Itwillonly move to the redo state
afterithasbeendisplayedandanew URL isentered,or anotherundoisperformed.Thiswillbecomeclearas
weexplain themethodsbelow.Additionaly,because URLundoManager performsitsown managementofits
edits Vector, whenever a new edit is added all redoable edits need to be removed.

One instance variable is declared:

int m_IdxAdd:offsetinto the edits Vector used to determinewhereundo’send and redo’sbegin. It
always points to the position where we would nextadd an undoable;this would also be the current
redoable (i.e.“Forward”)ifthere are any. m_IdxAdd-1 willpointto the mostrecentundo (assuming
m_IdxAdd is greater than 0).

M ethod getUndoPresentationName() retrieves the String URL of the most recent undoable
UndoableURL by calling its getPresentationName() method:

    return ((UndoableURL)
      edits.elementAt(m_IdxAdd-1)).getPresentationName();

M ethod getRedoPresentationName() retrievesthe String URL from the currentredoable. Itworks
identical to getUndoPresentationName()except it uses m_IdxAdd as its offset into the edits Vector.

M ethod addURL() createsa new UndoableURL and addsitto the edits Vector. Initially,itchecksif
any redos exist:

    if ( edits.size()>m_IdxAdd ) {

If so, it stores the new edit in the most recent redoable position and eliminates any remaining redoables:

      edits.setElementAt(new UndoableURL(newURL),m_IdxAdd++);
      for ( int i=edits.size()-1; i>m_IdxAdd-1; i-- ) {
        edits.removeElementAt(i);
      }
    }

Iftherearen’tanyredoables,theeditissimply addedto theend ofthe edits Vector,and thecurrentoffset
is incremented:

    edits.addElement(new UndoableURL(newURL));
    m_IdxAdd++;

M ethod swapURL() returnsthemostrecentUndoableURL’sURL and replacesitwith a new one based on
the given String URL parameter:
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    public String swapURL(String newURL) {
      String m_oldURL = getUndoPresentationName();
      edits.setElementAt(new UndoableURL(newURL),m_IdxAdd-1);
      return m_oldURL;
    }

Thismethod helps provide an intermediate state between undoandredo.ThecurrentURL isneitherundoable
nor redoable until it is replaced.

M ethod canUndo() determineswhetherany undoablesexist.Thisisused to visually setthe “Back” menu
item andbuttonstates.Itcheckswhethertheundoableoffsetcorrespondsto avalid editand then whetherthat
edit is undoable:

    if (m_IdxAdd > 0) {
      UndoableURL edit = (UndoableURL)edits.elementAt(m_IdxAdd-1);
      return edit != null && edit.canUndo();
    }
    return false;

M ethodcanRedo() determines whether any redoables exist. This is used to visually set the “Forward” menu
item and button states, and works very similar to canUndo().

M ethod undo() executes the mostrecentUndoableURL’s internalhousekeeping (by calling its inherited
undo() method).Before using thismethod,we are expected to callthe swapURL() method so the current
URL willbe placed in a redo/“Forward” state.M ethod redo() workssimilarly,however,properbrowser
redo/“Forward” behaviornecessitatescalling swapURL() afterthismethod so thatthe currentURL willbe
moved to an undo state.

Running the Code

ThedefaulthomepageisSun’sJFC productwebpage.ItdemonstratesHTM L tables,forms,graphicsandeven
an animated Java mascot--Duke is swinging near the bottom of the page.Choose some links or enter a
differentURL inthetextfield.Youwillseethe “Back” buttonbecomebold and itstooltip willreflectthelast
pagevisited.Ifyou press “Back” orchooseGo/“Back” from themenu,you’llseethatthe “Forward” button
becomes enabled (as expected).Notice how the menu item,button states and tooltips reflectthe currently
allowed options. 

Bug Alert! The HTM LEditorKit is not completelymatured yet. Expect occasional exceptions. Seebug #4180751at
theJDC BugParadeforthemostcommonexceptionweexperienced.Itisagood ideato run thisexampleand
test whether this bug has been fixed in your version of Java. The exception message has the following format:

Exception occurred during event dispatching:

Javax.swing.text.StateInvariantError: infinite loop in formatting
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