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Foreword

I started work at Borland in the summer of 1985. I came to work here to be a part of the new
generation of programming tools (the UCSD Pascal System and command line tools just
weren’t enough), to help improve the process of programming (maybe even leaving a little
more time for our families and friends), and finally, to help enrich the lives of programmers
(myself included). Turbo Pascal 1.0 changed the face of programming tools forever. It set the
standard in 1983.

Delphi also changed the face of programming once again. Delphi 1.0 focused on making
object-oriented programming, Windows programming, and database programming easier.
Later versions of Delphi focused on easing the pain of writing Internet and distributed applica-
tions. Although we’ve added a host of features to our products over the years and written
pages of documentation and megabytes of online help, there’s still more information, knowl-
edge, and advice that is required for developers to complete successful projects.

Delphi 5—*“Sixteen Years in the Making” the headline might read. Not this book, but the prod-
uct. Sixteen years, you might ask? It’s been approximately sixteen years since the first Turbo
Pascal version appeared in November 1983. By Internet standards, that amount of time would
easily overflow an Int64. Delphi 5 is the next great version to arrive.

Actually, it is the 13th version of our compiler. You don’t believe me? Just run DCC32. EXE
from the command line (we used to say DOS prompt), and you’ll see the compiler version
number and command line parameter help text output. It takes a lot of engineers, testers, docu-
mentors, authors, fans, friends, and relatives to produce a product. It takes a special breed of
writers to be able to write a book about Delphi.

What does it take to write a developer’s guide? The simple answer is “a lot.” How can I define
a lot? I can’t—it’s impossible to define. Instead of a definition, I can only offer a few bits of
information to help in forming the definition, a “recipe” if you will:

“Davey Hackers Quick ‘n Easy Writer’s Recipe”
Delphi 5 Developer’s Guide
Ingredients:

Delphi 5 (Standard, Professional, or Enterprise edition)
Two 150-pound professional strength book authors
1000’s of tablespoons of words

1000’s of cups of source code



Decades of helpings of experience (including years working on Delphi)
Handfuls of wisdom

Hours of hacking

Weeks of debugging

Quarts and quarts of fluids (my choice would be Diet Pepsi)

Hundreds of hours of sleep
Preparation:

Preheat your PC to 110 volts (220 volts for most developers outside the US).
Apply heat to the developers.

To your hard drive, mix in the Delphi 5 field test versions, all the text, and source code
ingredients.

Stir in the years of experience, hours of hacking, weeks of debugging, handfuls of wis-
dom, and quarts of fluids.

Drain off the hours of sleep.

Let the remaining ingredients stand at room temperature for a while.
Yield:
One Delphi 5 Developer’s Guide by Steve Teixeira and Xavier Pacheco.
Variations:
Substitute your favorite choice of fluids—water, juice, coffee, and so forth.

To quote a famous comedienne, “All seriousness aside.” I've known Steve Teixeira (some call
him T-Rex) and Xavier Pacheco (some call him just X) for years as friends, fellow employees,
speakers at our annual developer’s conference, and as members of the Borland community.

Previous editions of their Developer’s Guides have been received enthusiastically by Delphi
developers around the world. Here now is the latest version ready for everyone to enjoy.

Have fun, and learn a lot. Here’s hoping all of your Delphi projects are enjoyable, successful,
and rewarding.

David Intersimone, “David I”’
Vice President, Developer Relations
Inprise Corporation
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Introduction

Can you believe that it’s been nearly five years since we began work on the first edition of
Delphi Developer’s Guide? At the time, we were just a couple of developers working in
Borland’s languages support department looking for a new software challenge. We had an idea
for a book that made a point of avoiding things you could learn in the product documentation
in favor of showing proper coding practices and a few cool techniques. We also figured our
experience in developer support would enable us to answer developer’s questions before they
were even asked. We pitched the idea to Sams, and they loved it. Then began the many gruel-
ing months of manuscript development, programming, late nights, programming, and maybe a
few deadlines missed (because we were so busy programming). Finally, the book was finished.

Our expectations were modest. At first, we were just hoping we would break even. However,
after several months of robust sales, we thought that our concept of a no-nonsense developer’s
guide was just what the doctor (or in this case, the developer) ordered. Our feelings were legit-
imized when you, the reader, voted Delphi Developer’s Guide to the Delphi Informant
Reader’s Choice award for best Delphi book.

I think our publisher slipped something into the water, because we couldn’t stop writing. We
released Delphi 2 Developer’s Guide the next year, completed a manuscript for Delphi 3
Developer’s Guide (which was unfortunately never published) the following year, and pub-
lished Delphi 4 Developer’s Guide the year after that, for which we were again honored with
the Delphi Informant Reader’s Choice award for best Delphi book. What you have in your
hands is our latest work, Delphi 5 Developer’s Guide, and we think you’ll find it an even more
valuable resource than any previous edition.

Currently, Steve is the vice president of Software Development at DeVries Data Systems, a
Silicon Valley-based consulting firm that specializes in Borland solutions, and Xavier runs his
own Delphi consulting and training firm, XAPWARE Technologies Inc. We feel that our
unique combination of experience “in the trenches” in Borland’s developer support and R&D
departments combined with our real-world experience as developers and inside knowledge of
the Delphi product all add up to one darn good Delphi book.

Simply stated, if you want to develop applications in Delphi, this is the book for you. Our goal
is not just to show you how to develop applications using Delphi but rather how to develop
applications the right way. Delphi is a very unique tool that enables you to drastically reduce
the time it takes to develop applications while still offering a level of performance that meets
or exceeds that of most C++ compilers on the market. This book shows you how to get the best
of these two worlds by demonstrating effective use of Delphi’s design-time environment and
proper techniques for code reuse and by showing you how to write good, clean, efficient code.
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This book is divided into five parts. Part I, “Essentials for Rapid Development,” provides you
with a strong foundation in the important aspects of Delphi and Win32 programming. Part II,
“Advanced Techniques,” builds upon this foundation by helping you build small but useful
applications and utilities that help to expand your knowledge of more in-depth programming
topics. Part III, “Component-Based Development,” discusses VCL component development and
development using COM. Part IV, “Database Development,” takes you through database devel-
opment in Delphi, from local tables through SQL databases and multitier solutions. Part V,
“Rapid Database Application Development,” brings together much of what you learned in the
previous parts in order to build larger-scale real-world applications.

Chapters on the CD

No doubt you’ve seen the table of contents by now, and you may have noticed that there are
several chapters that appear only on the CD and are not in the printed book. The reason for this
is simple: We wrote more material than could be bound into a single book. Faced with this
problem, we had several choices. We could split Delphi 5 Developer’s Guide into two books,
but we chose not to do that primarily because it would be more expensive for readers to obtain
the material. Another option was to leave out some chapters entirely, but we felt that doing so
would create some obvious gaping holes in the book’s coverage. The choice we made, of
course, was to put some chapters on the CD. This allowed us to balance the forces of coverage,
convenience, and cost. It’s important to remember that the chapters on the CD are not “extras”
but are a full-fledged part of the book. They were written, reviewed, and edited with the same
care and close attention to detail as the rest of the book.

Who Should Read This Book

As the title of this book states, this book is for developers. So, if you’re a developer and you
use Delphi, you should have this book. In particular, however, this book is aimed at three
groups of people:

* Delphi developers who are looking to take their craft to the next level.

» Experienced Pascal, BASIC, or C/C++ programmers who are looking to hit the ground
running with Delphi.

* Programmers who are looking to get the most out of Delphi by leveraging the Win32 API
and using some of Delphi’s less obvious features.
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Conventions Used in This Book

The following typographic conventions are used in this book:

¢ Code lines, commands, statements, variables, program output, and any text you see on
the screen appears in a computer typeface.

* Anything that you type appears in a bold computer typeface.

* Placeholders in syntax descriptions appear in an italic computer typeface. Replace the
placeholder with the actual filename, parameter, or whatever element it represents.

e [talics highlight technical terms when they first appear in the text and sometimes are
used to emphasize important points.

e Procedures and functions are indicated by opening and closing parentheses after the pro-
cedure or function name. Although this is not standard Pascal syntax, it helps to differen-
tiate them from properties, variables, and types.

Within each chapter you’ll encounter several Notes, Tips, and Cautions that help to highlight
the important points and aid you in steering clear of the pitfalls.

You will find all the source code and project files on the CD accompanying this book, as well
as source samples that we could not fit in the book itself. Also, take a look at the components
and tools in the directory \THRDPRTY, where you’ll find some powerful trial versions of third-
party components.

Updates to This Book

Updates, extras, and errata information for this book are available via the Web. Visit
http://www.xapware.com/ddg for the latest news.

Getting Started

People sometimes ask us what drives us to continue to write Delphi books. It’s hard to explain,
but whenever we meet with other developers and see their obviously well-used, bookmarked,
ratty-looking copy of Delphi Developer’s Guide, it somehow makes it worthwhile.

Now it’s time to relax and have some fun programming with Delphi. We’ll start slow but
progress into the more advanced topics at a quick but comfortable pace. Before you know it,
you’ll have the knowledge and technique required to truly be called a Delphi guru.
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This chapter is intended to provide you with a high-level overview of Delphi, including history,
feature sets, how Delphi fits into the world of Windows development, and general tidbits of
information you need to know to be a Delphi developer. And just to get your technical juices
flowing, this chapter also discusses the need-to-know features of the Delphi IDE, pointing out
some of those hard-to-find features that even seasoned Delphi developers may not know about.
This chapter isn’t about providing an education on the very basics of how one develops soft-
ware in Delphi. We figure you spent good money on this book to learn new and interesting
things—not to read a rehash of content you can already find in Borland’s documentation. True
to that, our mission is to deliver the goods: to show you the power features of this product and
ultimately how to employ those features to build commercial-quality software. Hopefully, our
backgrounds and experience with the tool will enable us to provide you with some interesting
and useful insights along the way. We feel that experienced and new Delphi developers alike
will benefit from this chapter (and this book!), as long as new developers understand that this
isn’t ground zero for a Delphi developer. Start with the Borland documentation and simple
examples. Once you’ve got the hang of how the IDE works and the general flow of application
development, welcome aboard and enjoy the ride!

The Delphi Product Family

Delphi 5 comes in three flavors designed to fit a variety of needs: Delphi 5 Standard, Delphi 5
Professional, and Delphi 5 Enterprise. Each of these versions is targeted at a different type of
developer.

Delphi 5 Standard is the entry-level version. It provides everything you need to start writing
applications with Delphi, and it’s ideal for hobbyists and students who want to break into
Delphi programming on a budget. This version includes the following features:

e Optimizing 32-bit Object Pascal compiler.
* Visual Component Library (VCL), which includes over 85 components standard on the
Component Palette.

* Package support, which enables you to create small executables and component libraries.

* An IDE that includes an editor, debugger, form designer, and a host of productivity fea-
tures. The form designer supports visual form inheritance and linking.

e Delphi I, which is included for 16-bit Windows development.

 Full support for Win32 API, including COM, GDI, DirectX, multithreading, and various
Microsoft and third-party software development kits (SDKs).

Delphi 5 Professional is intended for use by professional developers who don’t require client/
server features. If you're a professional developer building and deploying applications or Delphi
components, this product is designed for you. The Professional edition includes everything in
the Standard edition, plus the following:
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e More than 150 VCL components on the Component Palette

e Database support, including data-aware VCL controls, the Borland Database Engine
(BDE) 5.0, BDE drivers for local tables, a virtual dataset architecture that enables you to
incorporate other database engines into VCL, the Database Explorer tool, a data reposi-
tory, ODBC support, and InterBase Express native InterBase components

* Wizards for creating COM components, such as ActiveX controls, ActiveForms,
Automation servers, and property pages

* The QuickReports reporting tool for integrating custom reports into your applications
* The TeeChart graphing and charting components for data visualization

e A single-user Local InterBase Server (LIBS), which enables you to do SQL-based
client/server development without being connected to a network

e The Web Deployment feature for easy distribution of ActiveX content via the Web
* The InstallSHIELD Express application-deployment tool

* The OpenTools API for developing components that integrate tightly within the Delphi
environment as well as an interface for PVCS version control

e WebBroker and FastNet Wizards and components for developing applications for the
Internet

* Source code for the VCL, runtime library (RTL), and property editors

» The WinSight32 tool for browsing window and message information
Delphi 5 Enterprise is targeted toward high-end and corporate client/server developers. If
you’re developing applications that communicate with SQL database servers, this edition con-
tains all the tools necessary to take you through the client/server application development
cycle. The Enterprise version includes everything included in the other two Delphi editions,
plus the following:

e Over 200 VCL components on the Component Palette

e Multitier Distributed Application Services (MIDAS) support and development license,
providing an unprecedented level of ease for multitier application development

e CORBA support, including version 3.32 of the VisiBroker ORB
 InternetExpress XML components

» TeamSource source control software, which enables team development and supports
various versioning engines (ZIP and PVCS included)

* Native Microsoft SQL Server 7 support
e Advance support for Oracle8, including abstract data type fields
 Direct support for ActiveX Data Objects (ADO)
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¢ DecisionCube components, which provide visual, multidimensional analysis of data
(includes source)

e SQL Links BDE drivers for InterBase, Oracle, Microsoft SQL Server, Sybase, Informix,
and DB2 database servers as well as a license for unlimited redistribution of these drivers

* SQL Database Explorer, which enables you to browse and edit server-specific metadata
e SQL Builder graphic query-building tool

* SQL Monitor, which enables you to view SQL communications to and from the server so
that you can debug and fine-tune your SQL application performance

e Data Pump Expert for rapid upsizing

o A five-user InterBase for Windows NT license

Delphi: What and Why

We’re often asked questions such as “What makes Delphi so good?”” and “Why should I
choose Delphi over Tool X?” Over the years, we’ve developed two answers to these types of
questions: a long answer and a short answer. The short answer is productivity. Using Delphi is
simply the most productive way we’ve found to build applications for Windows. Of course,
there are those (bosses and perspective clients) for whom the short answer will not suffice, so
then we must break out the long answer. The long answer describes the combined qualities that
make Delphi so productive. We boil down the productivity of software development tools into
a pentagon of five important attributes:

* The quality of the visual development environment

e The speediness of the compiler versus the efficiency of the compiled code
e The power of the programming language versus its complexity

» The flexibility and scalability of the database architecture

e The design and usage patterns enforced by the framework

Although there are admittedly many other factors involved, such as deployment issues, docu-
mentation, third-party support, and so on, we’ve found this simple model to be quite accurate
in explaining to folks why we choose Delphi. Some of these categories also involve some
amount of subjectivity, but that’s the point; how productive are you with a particular tool? By
rating a tool on a scale of 1 to 5 for each attribute and plotting each on an axis of the graph
shown in Figure 1.1, the end result will be a pentagon. The greater the surface area of this
pentagon, the more productive the tool.

We won’t tell you what we came up with when we used this formula—that’s for you to decide!
Let’s take a deeper look at each of these attributes and how they apply to Delphi and how they
compare with other Windows development tools.
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FiGure 1.1
The development tool productivity graph.

The Quality of the Visual Development Environment

The visual development environment can generally be divided into three constituent compo-
nents: the editor, the debugger, and the form designer. Like most modern rapid application
development (RAD) tools, these three components work in harmony as you design an applica-
tion. While you’re working in the form designer, Delphi is generating code behind the scenes
for the components you drop and manipulate on forms. You can add additional code in the
editor to define application behavior, and you can debug your application from the same editor
by setting breakpoints, watches, and so on.

Delphi’s editor is generally on par with those of other tools. The Codelnsight technologies,
which save you a lot of typing, are probably the best around. They’re based on compiler infor-
mation, rather than type library info like Visual Basic, and are therefore able to help in a wider
variety of situations. Although the Delphi editor sports some good configuration options, I
would rate Visual Studio’s editor as more configurable.

In version 5, Delphi’s debugger has finally caught up with the debugger featured in Visual
Studio, with advanced features such as remote debugging, process attachment, DLL and pack-
age debugging, automatic local watches, and a CPU window. Delphi also has some nice IDE
support for debugging by allowing windows to be placed and docked where you like during
debugging and enabling that state to be saved as a named desktop setting. One very nice
debugger feature that’s commonplace in interpreted environments such as Visual Basic and
some Java tools is the ability to change code to modify application behavior while the applica-
tion is being debugged. Unfortunately, this type of feature is much more difficult to accomplish
when compiling to native code and is therefore unsupported by Delphi.
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A form designer is usually a feature unique to RAD tools, such as Delphi, Visual Basic,
C++Builder, and PowerBuilder. More classical development environments, such as Visual C++
and Borland C++, typically provide dialog editors, but those tend not to be as integrated into
the development workflow as a form designer. Based on the productivity graph from Figure
1.1, you can see that the lack of a form designer really has a negative effect on the overall pro-
ductivity of the tool for application development. Over the years, Delphi and Visual Basic have
engaged in a sort of tug-of-war of form designer features, with each new version surpassing the
other in functionality. One trait of Delphi’s form designer that sets it apart from others is the
fact that Delphi is built on top of a true object-oriented framework. Given that, changes you
make to base classes will propagate up to any ancestor classes. A key feature that leverages this
trait is visual form inheritance (VFI). VFI enables you to dynamically descend from any of the
other forms in your project or in the Gallery. What’s more, changes made to the base form
from which you descend will cascade and reflect in its descendants. You’ll find more informa-
tion on this important feature in Chapter 4, “Application Frameworks and Design Concepts.”

The Speediness of the Compiler Versus the Efficiency
of the Compiled Code

A speedy compile enables you to develop software incrementally, thus making frequent
changes to your source code, recompiling, testing, changing, recompiling, testing again, and
so forth a very efficient development cycle. When compilation speed is slower, developers are
forced to make source changes in batch, making multiple modifications prior to compiling
and adapting to a less efficient development cycle. The advantage of runtime efficiency is self-
evident; faster runtime execution and smaller binaries are always good.

Perhaps the best-known feature of the Pascal compiler upon which Delphi is based is that it’s
fast. In fact, it’s probably the fastest high-level language native code compiler for Windows.
C++, which has traditionally been dog-slow in terms of compile speed, has made great strides
in recent years with incremental linking and various caching strategies found in Visual C++
and C++Builder in particular. Still, even these C++ compilers are typically several times
slower than Delphi’s compiler.

Does all this compile-time speed mean a tradeoff in runtime efficiency? The answer is, of
course, no. Delphi shares the compiler back end with the C++Builder compiler, so the effi-
ciency of the generated code is on par with that of a very good C++ compiler. In the latest reli-
able benchmarks, Visual C++ actually rated tops in speed and size efficiency in many cases,
thanks to some very nice optimizations. Although these small advantages are unnoticeable for
general application development, they may make a difference if you’re writing computation-
intensive code.
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Visual Basic is a little unique with regard to compiler technology. During development, VB
operates in an interpreted mode and is quite responsive. When you wish to deploy, you can
invoke the VB compiler to generate the EXE. This compiler is fairly poky and its speed effi-
ciency rates well behind Delphi and C++ tools.

Java is another interesting case. Top Java-based tools such as JBuilder and Visual J++ boast
compile times approaching that of Delphi. Runtime speed efficiency, however, often leaves
something to be desired, because Java is an interpreted language. Although Java continues to
make steady improvements, runtime speed in most cases is far behind that of Delphi and C++.

The Power of the Programming Language
Versus Its Complexity

Power and complexity are very much in the eye of the beholder, and this particular category
has served as the guidon for many an online flame war. What’s easy to one person might be
difficult to another, and what’s limiting to one may be considered elegant by yet another.
Therefore, the following is based on the authors’ experience and personal preferences.

Assembly is the ultimate power language. There’s very little you can’t do. However, writing
even the simplest Windows application in assembly is an arduous and error-prone venture. Not
only that, but it’s sometimes near impossible to maintain an assembly code base in a team
environment for any length of time. As code passes from one owner to the next to the next,
design ideas and intents become more and more cloudy, until the code starts to look more like
Sanskrit than a computer language. Therefore, we would score assembly very low in this cate-
gory because, although powerful, assembly language is too complex for nearly all application
development chores.

C++ is another extremely powerful language. With the aid of really potent features such as pre-
processor macros, templates, operator overloading, and more, you can very nearly design your
own language within C++. If the vast array of features at your disposal are used judiciously,
you can develop very clear and maintainable code. The problem, however, is that many devel-
opers can’t resist overusing these features, and it’s quite easy to create truly horrible code. In
fact, it’s easier to write bad C++ code than good because the language doesn’t lend itself
toward good design—it’s up to the developer.

Two languages that we feel are very similar in that they strike a very good balance between
complexity and power are Object Pascal and Java. Both take the approach of limiting available
features in an effort to enforce logical design on the developer. For example, both avoid the
very object-oriented but easy-to-abuse notion of multiple inheritance in favor of enabling a
class to implement multiple interfaces. Both lack the nifty but dangerous feature of operator
overloading. Also, both make source files first-class citizens in the language rather than a detail
to be dealt with by the linker. What’s more, both languages take advantage of power features
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that add the most bang for the buck, such as exception handling, Runtime Type Information
(RTTI), and native memory-managed strings. Not coincidentally, both languages were not writ-
ten by committee but rather nurtured by an individual or small group within a single organiza-
tion with a common understanding of what the language should be.

Visual Basic started life as a language designed to be easy enough for programming beginners
to pick up quickly (hence the name). However, as language features were added to address
shortcomings over the years, Visual Basic has become more and more complex. In an effort to
hide the details from developers, Visual Basic still maintains some walls that must be navigated
around in order to build complex projects.

The Flexibility and Scalability
of the Database Architecture

Because of Borland’s lack of a database agenda, Delphi maintains what we feel to be one of
the most flexible database architectures of any tool. Out of the box, the BDE works great and
performs well for most applications against a wide range of local, client/server, and ODBC
database platforms. If you’re not happy with that, you can eschew the BDE in favor of the new
native ADO components. If ADO isn’t your scene, you can write your own data-access class
by leveraging the abstract dataset architecture or purchase a third-party dataset solution.
Furthermore, MIDAS makes it easy to logically or physically divide, into multiple tiers, access
to any of these data sources.

Microsoft tools logically tend to focus on Microsoft’s own databases and data-access solutions,
be they ODBC, OLE DB, or others.

The Design and Usage Patterns Enforced
by the Framework

This is the magic bullet, the holy grail of software design that other tools seem to be missing.
All other things being equal, VCL is the most important part of Delphi. The ability to manipu-
late components at design time, design components, and inherit behavior from other compo-
nents using object-oriented (OO) techniques it a critical ingredient to Delphi’s level of
productivity. When writing VCL components, you can’t help but employ solid OO design
methodologies in many cases. By contrast, other component-based frameworks are often too
rigid or too complicated. ActiveX controls, for example, provide many of the same design-time
benefits of VCL controls, but there’s no way to inherit from an ActiveX control to create a new
class with some different behaviors. Traditional class frameworks, such as OWL and MFC,
typically require you to have a great deal of internal framework knowledge in order to be pro-
ductive, and they’re hampered by a lack of RAD tool-like design-time support. One tool in the
landscape that matches features with VCL in this manner is Visual J++’s Windows Foundation
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Classes (WFC). However, at the time of this writing, the future of Visual J++ is unclear due to
a pending lawsuit brought on by Sun Microsystems over Java issues.

A Little History

Delphi is, at heart, a Pascal compiler. Delphi 5 is the next step in the evolution of the same
Pascal compiler that Borland has been developing since Anders Hejlsberg wrote the first Turbo
Pascal compiler more than 15 years ago. Pascal programmers throughout the years have
enjoyed the stability, grace, and, of course, the compile speed that Turbo Pascal offers. Delphi
5 is no exception—its compiler is the synthesis of more than a decade of compiler experience
and a state-of-the-art 32-bit optimizing compiler. Although the capabilities of the compiler
have grown considerably over the years, the speed of the compiler has remarkably diminished
only slightly. What’s more, the stability of the Delphi compiler continues to be a yardstick by
which others are measured.

Now it’s time for a little walk down memory lane, as we look at each of the versions of Delphi
and a little of the historical context surrounding each product’s release.

Delphi 1

In the early days of DOS, programmers had a choice between productive-but-slow BASIC and
efficient-but-complex assembly language. Turbo Pascal, which offered the simplicity of a
structured language and the performance of a real compiler, bridged that gap. Windows 3.1
programmers faced a similar choice—a choice between a powerful-yet-unwieldy language
such as C++ and an easy-to-use-but-limiting language such as Visual Basic. Delphi 1 answered
that call by offering a radically different approach to Windows development: visual develop-
ment, compiled executables, DLLs, databases, you name it—a visual environment without lim-
its. Delphi 1 was the first Windows development tool to combine a visual development
environment, an optimizing native-code compiler, and a scalable database access engine. It
defined the phrase rapid application development (RAD).

The combination of compiler, RAD tool, and fast database access was too compelling for scads
of VB developers, and Delphi won many converts. Also, many Turbo Pascal developers rein-
vented their careers by transitioning to this slick, new tool. Word got out that Object Pascal
wasn’t the same as that language they made us use in college that made us feel like we were
programming with one hand behind our backs, and many more developers came to Delphi to
take advantage of the robust design patterns encouraged by the language and the tool. The
Visual Basic team at Microsoft, lacking serious competition before Delphi, was caught totally
unprepared. Slow, fat, and dumb, Visual Basic 3 was arguably no match for Delphi 1.
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The year was 1995. Borland was appealing a huge lawsuit loss to Lotus for infringing on the
1-2-3 “look and feel” with Quattro. Borland was also taking lumps from Microsoft for

trying to play in the application space with Microsoft. Borland got out of the application busi-
ness by selling the Quattro business to Novell and targeting dBASE and Paradox to database
developers, as opposed to casual users. While Borland was playing in the applications market,
Microsoft had quietly leveraged its platform business to take away from Borland a vast share
of the Windows developer tools market. Newly refocused on its core competency of developer
tools, Borland was looking to do some damage with Delphi and a new release of Borland C++.

Delphi 2

A year later, Delphi 2 provided all these same benefits under the modern 32-bit operating sys-
tems of Windows 95 and Windows NT. Additionally, Delphi 2 extended productivity with addi-
tional features and functionality not found in version 1, such as a 32-bit compiler that produces
faster applications, an enhanced and extended object library, revamped database support,
improved string handling, OLE support, Visual Form Inheritance, and compatibility with 16-bit
Delphi projects. Delphi 2 became the yardstick by which all other RAD tools are measured.

The year was 1996, and the most important Windows platform release since 3.0—32-bit
Windows 95—had just happened in the latter part of the previous year. Borland was eager to
make Delphi the preeminent development tool for that platform. An interesting historical note
is that Delphi 2 was originally going to be called Delphi32, to underscore the fact that it was
designed for 32-bit Windows. However, the product name was changed before release to
Delphi 2 to illustrate that Delphi was a mature product and avoid what is known in the soft-
ware business as the “1.0 blues.”

Microsoft attempted to counter with Visual Basic 4, but it was plagued by poor performance,
lack of 16-to-32-bit portability, and key design flaws. Still, there’s an impressive number of
developers who continued to use Visual Basic for whatever the reason. Borland also longed to
see Delphi penetrate the high-end client/server market occupied by tools such as PowerBuilder,
but this version didn’t yet have the muscle necessary to unseat such products from their corpo-
rate perches.

The corporate strategy at this time was undeniably to focus on corporate customers. The deci-
sion to change direction in this way was no doubt fueled by the diminishing market relevance
of dBASE and Paradox, and the dwindling revenues realized in the C++ market also aided this
decision. In order to help jumpstart that effort to take on the enterprises, Borland made the
mistake of acquiring Open Environment Corporation, a middleware company with basically
two products: an outmoded DCE-based middleware that you might call an ancestor of CORBA
and a proprietary technology for distributed OLE about to be ushered into obsolescence by
DCOM.
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Delphi 3

During the development of Delphi 1, the Delphi development team was preoccupied with sim-
ply creating and releasing a groundbreaking development tool. For Delphi 2, the development
team had its hands full primarily with the tasks of moving to 32 bit (while maintaining almost
complete backward compatibility) and adding new database and client/server features needed
by corporate IT. While Delphi 3 was being created, the development team had the opportunity
to expand the tool set to provide an extraordinary level of breadth and depth for solutions to
some of the sticky problems faced by Windows developers. In particular, Delphi 3 made it easy
to use the notoriously complicated technologies of COM and ActiveX, World Wide Web appli-
cation development, “thin client” applications, and multitier databases architectures. Delphi 3’s
Code Insight helped to make the actual code-writing process a bit easier, although for the most
part, the basic methodology for writing Delphi applications was the same as in Delphi 1.

This was 1997, and the competition was doing some interesting things. On the low end,
Microsoft finally started to get something right with Visual Basic 5, which included a compiler
to address long-standing performance problems, good COM/ActiveX support, and some key
new platform features. On the high-end, Delphi was now successfully unseating products such
as PowerBuilder and Forte in corporations.

Delphi lost a key member of the team during the Delphi 3 development cycle when Anders
Hejlsberg, the Chief Architect, decided to move on and took a position with Microsoft
Corporation. The team didn’t lose a beat, however, because Chuck Jazdzewski, long time co-
architect was able to step into the head role. The corporation also lost Chief Technical Officer
Paul Gross around this time, also to Microsoft, although that loss was arguably more of a pub-
lic relations problem than an impact on the day-to-day software development business.

Delphi 4

Delphi 4 focused on making Delphi development easier. The Module Explorer was introduced
in Delphi, and it enabled you to browse and edit units from a convenient graphical interface.
New code navigation and class completion features enabled you to focus on the meat of your
applications with a minimum of busy work. The IDE was redesigned with dockable toolbars
and windows to make your development more convenient, and the debugger was greatly
improved. Delphi 4 extended the product’s reach into the enterprise with outstanding multitier
support using technologies such as MIDAS, DCOM, MTS, and CORBA.

This was 1998, and Delphi had effectively secured its position relative to the competition. The
front lines had stabilized somewhat, although Delphi continued to slowly gain market share.
CORBA was the industry buzz, and Delphi had it and the competition did not. There was a bit
of a down-side to Delphi 4 as well: After enjoying several years of being the most stable devel-
opment tool on the market, Delphi 4 had earned a reputation among long-time Delphi users for
not living up to the very high standard for solid engineering and stability.

17

-—

G IHd13Q
NI ONININVYD O

SMOANIAN



18

Essentials for Rapid Development

PART |

The release of Delphi 4 followed the acquisition of Visigenic, one of the CORBA industry lead-
ers. Borland, now called Inprise after making the questionable decision to change the company’s
name to better penetrate the enterprise, was in a position to lead the industry to new ground by
integrating its tools with the CORBA technology. To really win, CORBA needed to be made

as easy as COM or Internet development had been made in past versions of Borland tools.
However, for various reasons, the integration wasn’t as full as it should have been, and the
CORBA-development tool integration was destined to play a bit part in the overall software-
development picture.

Delphi 5

Delphi 5 moves ahead on a few of fronts: First, Delphi 5 continues what Delphi 4 started by
adding many more features to make easy those tasks that traditionally take time, hopefully
enabling you to concentrate more on what you want to write and less on how to write it. These
new productivity features include further IDE and debugger enhancements, TeamSource team
development software, and translation tools. Second, Delphi 5 contains a host of new features
aimed squarely at making Internet development easier. These new Internet features include the
Active Server Object Wizard for ASP creation, the InternetExpress components for XML sup-
port, and new MIDAS features, making it a very versatile data platform for the Internet.
Finally, Borland built time into the schedule to deliver the most important feature of all for
Delphi 5: stability. Like fine wine, you cannot rush great software, and Borland waited until
Delphi 5 was ready before letting it out the door.

Delphi 5 was released in the latter half of 1999. Delphi continues to penetrate the enterprise,
while Visual Basic continues to serve as competition on the low end. However, the battle lines
still appear stable. Inprise had the good sense to bring back the Borland name, much to the
delight of long-time customers. The executive offices went through some turbulent times, with
the company divisionalized between tools and middleware, the abrupt departure of CEO Del
Yocam, and the hiring of Internet-savvy CEO Dale Fuller. Fuller has refocused the company
back on software developers, and the products appear as good as ever. Here’s to hoping that
Inprise is finally back on the right track.

The Future?

Although the history of the product is important, perhaps more important is what lies ahead in
Delphi’s future. Using history as a guide, we can divine with good probability that Delphi will
remain a great way to develop Windows applications for a long time to come. I think the real
question is whether we’ll ever see Delphi versions that target platforms other than Win32.
Based on the information coming out of Borland, it certainly seems that this is certainly some-
thing that occupies their minds. At the Borland Conference in 1998, Delphi Chief Architect
Chuck Jazdzewski demonstrated a version of the Delphi compiler that generated Java byte-
code, which could theoretically target any computer equipped with a Java Virtual Machine.
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Although there are obvious technical hurdles with such a technology, and it still remains to be
seen whether the Delphi for Java technology will ever make it into a product, it affirms the
notion that moving Delphi to other platforms is a part of the game plan. More recently, at the
Borland Conference in 1999, CEO Dale Fuller let slip at the opening keynote that there are
plans in the works to produce a version of Delphi targeted toward the Linux platform.

The Delphi IDE

Just to make sure we’re all on the same page with regard to terminology, Figure 1.2 shows the
Delphi IDE and calls attention to its major constituents: the main window, the Component
Palette, the toolbars, the Form Designer, the Code Editor, the Object Inspector, and the Code
Explorer.

Main Window
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FIGURE 1.2
The Delphi 5 IDE.

The Main Window

Think of the main window as the control center for the Delphi IDE. The main window has all
the standard functionality of the main window of any other Windows program. It consists of
three parts: the main menu, the toolbars, and the Component Palette.
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The Main Menu

As in any Windows program, you go to the main menu when you need to open and save files,
invoke wizards, view other windows, modify options, and so on. Each item on the main menu
can also be invoked via a button on a toolbar.

The Delphi Toolbars

The toolbars enable single-click access to some operation found on the main menu of the IDE,
such as opening a file or building a project. Notice that each of the buttons on the toolbars
offer a rooltip that contain a description of the function of a particular button. Not including the
Component Palette, there are five separate toolbars in the IDE: Debug, Desktops, Standard,
View, and Custom. Figure 1.2 shows the default button configuration for these toolbars, but
you can add or remove buttons by selecting Customize from the local menu on a toolbar.
Figure 1.3 shows the Customize toolbar dialog box. You add buttons by dragging them from
this dialog box and drop them on any toolbar. To remove a button, drag it off the toolbar.

Toolbars Commands | Options |
Categories: Commands:
| Separator -
[ New...
(= New Application
I New Farm
[ New Data Module
S New Unit
1o (= Open
ools ol
°5 Open Project...
25
View il =l =
To add command buttons, drag and diop commands onto a toolbar.
Taremave command buttans, diag them off of a Toolbar.
Close Help

FiGure 1.3
The Customize toolbar dialog box.

IDE toolbar customization doesn’t stop at configuring which buttons are shown. You can also
relocate each of the toolbars, the Component Palette, or the menu within the main window. To
do this, click the raised gray bars on the right side of the toolbars and drag them around the
main window. If you drag the mouse outside the confines of the main window while doing
this, you’ll see yet another level of customization: the toolbars can be undocked from the main
window and reside in their own floating tool windows. Undocked views of the toolbars are
shown in Figure 1.4.

The Component Palette

The Component Palette is a double-height toolbar that contains a page control filled with all
the VCL components and ActiveX controls installed in the IDE. The order and appearance of
pages and components on the Component Palette can be configured via a right-click or by
selecting Component, Configure Palette from the main menu.
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Desktop
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FIGURE 1.4
Undocked toolbars.

The Form Designer

The Form Designer begins as an empty window, ready for you to turn it into a Windows appli-
cation. Consider the Form Designer your artist’s canvas for creating Windows applications;
here is where you determine how your applications will be represented visually to your users.
You interact with the Form Designer by selecting components from the Component Palette and
dropping them onto your form. After you have a particular component on the form, you can
use the mouse to adjust the position or size of the component. You can control the appearance
and behavior of these components by using the Object Inspector and Code Editor.

The Object Inspector

With the Object Inspector, you can modify a form’s or component’s properties or enable your
form or component to respond to different events. Properties are data such as height, color, and
font that determine how an object appears onscreen. Events are portions of code executed in
response to occurrences within your application. A mouse-click message and a message for a
window to redraw itself are two examples of events. The Object Inspector window uses the
standard Windows notebook tab metaphor in switching between component properties or
events; just select the desired page from the tabs at the top of the window. The properties and
events displayed in the Object Inspector reflect whichever form or component currently has
focus in the Form Designer.

New to Delphi 5 is the ability to arrange the contents of the Object Inspector by category or
alphabetically by name. You can do this by right-clicking anywhere in the Object Inspector and
selecting Arrange from the local menu. Figure 1.5 shows two Object Inspectors side by side.
The one on the left is arranged by category, and the one on the right is arranged by name. You
can also specify which categories you would like to view by selecting View from the local menu.

One of the most useful tidbits of knowledge that you as a Delphi programmer should know is
that the help system is tightly integrated with the Object Inspector. If you ever get stuck on a
particular property or event, just press the F1 key, and WinHelp comes to the rescue.
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Viewing the Object Inspector by category and by name.

The Code Editor

The Code Editor is where you type the code that dictates how your program behaves and
where Delphi inserts the code that it generates based on the components in your application.
The top of the Code Editor window contains notebook tabs, where each tab corresponds to a
different source code module or file. Each time you add a new form to your application, a new
unit is created and added to the set of tabs at the top of the Code Editor. The local menu in the
Code Editor gives you a wide range of options while you’re editing, such as closing files, set-
ting bookmarks, and navigating to symbols.

Tip

You can view multiple Code Editor windows simultaneous by selecting View, New
Edit Window from the main menu.

The Code Explorer

The Code Explorer provides a tree-style view of the unit shown in the Code Editor. The Code
Explorer allows easy navigation of units in addition to the ability to easily add new elements
or rename existing elements in a unit. It’s important to remember that there’s a one-to-one rela-
tionship between Code Explorer windows and Code Editor windows. Right-click a node in the
Code Explorer to view the options available for that node. You can also control behaviors such
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as sorting and filtering in the Code Explorer by modifying the options found on the Explorer
tab of the Environment Options dialog box.

A Tour of Your Project’s Source

The Delphi IDE generates Object Pascal source code for you as you work with the visual com-
ponents of the Form Designer. The simplest example of this capability is starting a new project.
Select File, New Application in the main window to see a new form in the Form Designer and
that form’s source code skeleton in the Code Editor. The source code for the new form’s unit is
shown in Listing 1.1.

ListiNnG 1.1 Source Code for an Empty Form

unit Unit1;
interface
uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
Dialogs;

type
TForm1 = class(TForm)
private
{ Private declarations }
public
{ Public declarations }
end;
var

Form1: TFormi;
implementation
{$R *.DFM}

end.

It’s important to note that the source code module associated with any form is stored in a unit.
Although every form has a unit, not every unit has a form. If you’re not familiar with how the
Pascal language works and what exactly a unit is, see Chapter 2, “The Object Pascal
Language,” which discusses the Object Pascal language for those who are new to Pascal from
C++, Visual Basic, Java, or another language.
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Let’s take a unit skeleton one piece at a time. Here’s the top portion:

type
TForm1 = class(TForm)
private
{ Private declarations }
public
{ Public declarations }
end;

It indicates that the form object, itself, is an object derived from TForm, and the space in which
you can insert your own public and private variables is labeled clearly. Don’t worry about what
object, public, or private means right now. Chapter 2, “The Object Pascal Language,” discusses
Object Pascal in more detail.

The following line is very important:
{$R *.DFM}

The $R directive in Pascal is used to load an external resource file. This line links the .DFM
(which stands for Delphi form) file into the executable. The .DFM file contains a binary repre-
sentation of the form you created in the Form Designer. The * symbol in this case isn’t
intended to represent a wildcard; it represents the file having the same name as the current unit.
So, for example, if the preceding line was in a file called Unit1.pas, the *.DFM would repre-
sent a file by the name of Unit1.dfm.

NoTE

A feature new to Delphi 5 is the ability for the IDE to save new DFM files a text
rather than as binary. This option in enabled by default, but you can modify it using
the New forms as text checkbox on the Preferences page of the Environment Options
dialog. While saving forms as text format is just slightly less efficient in terms of size,
it's a good practice for a couple of reasons: First, it is very easy to make minor
changes to text DFMs in any text editor. Second, if the file should become corrupted,
it is far easier to repair a corrupted text file than a corrupted binary file. Keep in
mind also that previous versions of Delphi expect binary DFM files, so you will need
to disable this option if you wish to create projects that will be used by other ver-
sions of Delphi.

The application’s project file is worth a glance, too. A project filename ends in .DPR (which
stands for Delphi project) and is really nothing more than a Pascal source file with a different
file extension. The project file is where the main portion of your program (in the Pascal sense)
lives. Unlike other versions of Pascal with which you might be familiar, most of the “work™ of
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your program is done in units rather than in the main module. You can load your project’s
source file into the Code Editor by selecting Project, View Source from the main menu. Here’s
the project file from the sample application:

program Projectt;

uses
Forms,
Unit1 in 'Unitt.pas' {Formi};

{$R *.RES}

begin
Application.Initialize;
Application.CreateForm(TFormi, Formi);
Application.Run;

end.

As you add more forms and units to the application, they appear in the uses clause of the pro-
ject file. Notice, too, that after the name of a unit in the uses clause, the name of the related
form appears in comments. If you ever get confused about which units go with which forms,
you can regain your bearings by selecting View, Project Manager to bring up the Project
Manager window.

25

NoTE

Each form has exactly one unit associated with it, and you can also have other “code-
only” units that are not associated with any form. In Delphi, you work mostly within
your program’s units, and you'll rarely edit your project’s .DPR file.

Tour of a Small Application

The simple act of plopping a component such as a button onto a form causes code for that ele-
ment to be generated and added to the form object:

type
TForm1 = class(TForm)
Buttoni: TButton;
private
{ Private declarations }
public
{ Public declarations }
end;
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Now, as you can see, the button is an instance variable of the TForm1 class. When you refer to
the button in contexts outside TForm1 later in your source code, you must remember to address
it as part of the scope of TForm1 by saying Form1.Buttoni. Scoping is explained in more detail
in Chapter 2, “The Object Pascal Language.”

When this button is selected in the Form Designer, you can change its behavior through the
Object Inspector. Suppose that, at design time, you want to change the width of the button to
100 pixels, and at runtime, you want to make the button respond to a press by doubling its own
height. To change the button width, move over to the Object Browser window, find the Width
property, and change the value associated with Width to 100. Note that the change doesn’t take
effect in the Form Designer until you press Enter or move off the Width property. To make the
button respond to a mouse click, select the Events page on the Object Inspector window to
reveal the list of events to which the button can respond. Double-click in the column next to
the OnClick event, and Delphi generates a procedure skeleton for a mouse-click response and
whisks you away to that spot in the source code—in this case, a procedure called
TForm1.ButtoniClick(). All that’s left to do is to insert the code to double the button’s width
between the begin. .end of the event’s response method:

Buttoni.Height := Button1.Height * 2;

To verify that the “application” compiles and runs, press the F9 key on your keyboard and
watch it go!

NoTE

Delphi maintains a reference between generated procedures and the controls to
which they correspond. When you compile or save a source code module, Delphi
scans your source code and removes all procedure skeletons for which you haven't
entered any code between the begin and end. This means that if you didn’t write any
code between the begin and end of the TForm1.ButtoniClick() procedure, for
example, Delphi would have removed the procedure from your source code. The bot-
tom line here is this: Don’t delete event handler procedures that Delphi has created;
just delete your code and let Delphi remove the procedures for you.

After you have fun making the button really big on the form, terminate your program and go
back to the Delphi IDE. Now is a good time to mention that you could have generated a
response to a mouse click for your button just by double-clicking a control after dropping it
onto the form. Double-clicking a component automatically invokes its associated component
editor. For most components, this response generates a handler for the first of that component’s
events listed in the Object Inspector.
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What’s So Great About Events, Anyway?

If you’ve ever developed Windows applications the traditional way, without a doubt you’ll find
the ease of use of Delphi events a welcome alternative to manually catching Windows mes-
sages, cracking those messages, and testing for window handles, control IDs, WParam parame-
ters, LParam parameters, and so on. If you don’t know what all that means, that’s okay; Chapter
5, “Understanding Windows Messaging,” covers messaging internals.

A Delphi event is often triggered by a Windows message. The OnMouseDown event of a
TButton, for example, is really just an encapsulation of the Windows WM_xBUTTONDOWN mes-
sages. Notice that the OnMouseDown event gives you information such as which button was
pressed and the location of the mouse when it happened. A form’s OnKeyDown event provides
similar useful information for key presses. For example, here’s the code that Delphi generates
for an onKeyDown handler:

procedure TForml.FormKeyDown(Sender: TObject; var Key: Word;

Shift: TShiftState);

begin

end;

All the information you need about the key is right at your fingertips. If you’re an experienced
Windows programmer, you’ll appreciate that there aren’t any LParam or WParam parameters,
inherited handlers, translates, or dispatches to worry about. This goes way beyond “message
cracking” as you might know it because one Delphi event can represent several different
Windows messages, as it does with OnMouseDown (which handles a variety of mouse messages).
What’s more, each of the message parameters is passed in as easy-to-understand parameters.
Chapter 5, “Understanding Windows Messaging,” gets into the gory details of how Delphi’s
internal messaging system works.

Contract-Free Programming

Arguably the biggest benefit that Delphi’s event system has over the standard Windows mes-
saging system is that all events are contract free. What contract free means to the programmer
is that you never are required to do anything inside your event handlers. Unlike standard
Windows message handling, you don’t have to call an inherited handler or pass information
back to Windows after handling an event.

Of course, the downside to the contract-free programming model that Delphi’s event system
provides is that it doesn’t always give you the power or flexibility that directly handling
Windows messages gives you. You're at the mercy of those who designed the event as far as
what level of control you’ll have over your application’s response to the event. For example,
you can modify and kill keystrokes in an OnKeyPress handler, but an OnResize handler pro-
vides you only with a notification that the event occurred—you have no power to prevent or
modify the resizing.
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Never fear, though. Delphi doesn’t prevent you from working directly with Windows messages.
It’s not as straightforward as the event system because message handling assumes that the pro-
grammer has a greater level of knowledge of what Windows expects of every handled message.
You have complete power to handle all Windows messages directly by using the message key-
word. You’ll find out much more about writing Windows message handlers in Chapter 5,
“Understanding Windows Messaging.”

The great thing about developing applications with Delphi is that you can use the high-level
easy stuff (such as events) when it suits you and still have access to the low-level stuff when-
ever you need it.

Turbo Prototyping

After hacking Delphi for a little while, you’ll probably notice that the learning curve is espe-
cially mild. In fact, even if you’re new to Delphi, you’ll find that writing your first project in
Delphi pays immediate dividends in the form of a short development cycle and a robust appli-
cation. Delphi excels in the one facet of application development that has been the bane of
many a Windows programmer: user interface (UI) design.

Sometimes the designing of the UI and the general layout of a program is referred to as proto-
typing. In a nonvisual environment, prototyping an application often takes longer than writing
the application’s implementation, or what is called the back end. Of course, the back end of an
application is the whole objective of the program in the first place, right? Sure, an intuitive and
visually pleasing Ul is a big part of the application, but what good would it be, for example, to
have a communications program with pretty windows and dialog boxes but no capacity to send
data through a modem? As it is with people, so it is with applications; a pretty face is nice to
look at, but it has to have substance to be a regular part of our lives. Please, no comments
about back ends.

Delphi enables you to use its custom controls to whip out nice-looking Uls in no time flat. In
fact, you’ll find that after you become comfortable with Delphi’s forms, controls, and event-
response methods, you’ll cut huge chunks off the time you usually take to develop application
prototypes. You’ll also find that the Uls you develop in Delphi look just as nice as—if not bet-
ter than—those designed with traditional tools. Often, what you “mock up” in Delphi turns out
to be the final product.

Extensible Components and Environment

Because of the object-oriented nature of Delphi, in addition to creating your own components
from scratch, you can also create your own customized components based on stock Delphi
components. Chapter 21, “Writing Delphi Custom Components,” shows you how to take some
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existing Delphi components and extend their behavior to create new components. Additionally,
Chapter 7, “Using ActiveX Controls with Delphi,” describes how to incorporate ActiveX con-
trols into your Delphi applications.

In addition to allowing you to integrate custom components into the IDE, Delphi provides the
capability to integrate entire subprograms, called experts, into the environment. Delphi’s
Expert Interface enables you to add special menu items and dialog boxes to the IDE to inte-
grate some feature that you feel is worthwhile. An example of an expert is the Database Form
Expert located on the Delphi Database menu. Chapter 26, “Using Delphi’s Open Tools API,”
outlines the process for creating experts and integrating them into the Delphi IDE.

The Top 10 IDE Features You Must Know and Love

Before we can let you any further into the book, we’ve got to make sure you’re equipped with
the tools you need to survive and the knowledge to use them. In that spirit, what follows is a
list of what we feel are the top 10 IDE features you must learn to know and love.

1. Class Completion

Nothing wastes a developer’s time more than have to type in all that blasted code! How often is
it that you know exactly what you want to write but are limited by how fast your fingers can
fly over the keys? Until the spec for the PCI-to-medulla oblongata bus is completed to com-
pletely rid you of all that typing, Delphi has a feature called class completion that goes a long
way toward alleviating the busy work.

Arguably, the most important feature of Class completion is that it is designed to work without
being in your face. Simply type in part of a class declaration, hit the magic Ctrl+Shift+C key-
stroke, and class completion will attempt to figure our what you’re trying to do and generate
the right code. For example, if you put the declaration for a procedure called Foo in your class
and invoke class completion, it will automatically create the definition for this method in the
implementation part of the unit. Declare a new property that reads from a field and writes to a
method and invoke class completion, and it will automatically generate the code for the field
and declare and implement the method.

If you haven’t already gotten hooked on class completion, give it a whirl. Soon you’ll be lost
without it.

2. AppBrowser Navigation

Do you ever look at a line of code in your Code Editor and think, “Gee, I wish I knew where
that method is declared”? Well, finding out is as easy as holding down the Ctrl key and click-
ing the name of the token you wish to find. The IDE will use debug information assembled in
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the background by the compiler to jump to the declaration of the token. Very handy. And like a
web browser, there’s a history stack that you can navigate forward and back through using the
little arrows to the right of the tabs in the Code Editor.

3. Interface/Implementation Navigation

Want to navigate between the interface and implementation of a method? Just put the cursor on
the method and use Ctrl+Shift+up arrow or down arrow to toggle between the two positions.

4. Dock It!

The IDE allows you to organize the windows on your screen by docking together multiple win-
dows as panes in a single window. If you have full window drag set in your windows desktop,
you can easily tell which windows are dockable because they draw a dithered box when they’re
dragged around the screen. The Code Editor offers three docking bays on its left, bottom, and
right sides to which you can affix windows. Windows can be docked side-by-side by dragging
one window to an edge of another or tab-docked by dragging one window to the middle of
another. Once you come up with an arrangement you like, be sure to save it using the Desktops
toolbar. Want to prevent a window from docking? Hold down the Ctrl key while dragging it or
right-click in the window and uncheck Dockable in the local menu.

Tip

Here's a cute hidden feature: Right-click the tabs of tab-docked windows and you'll
be able to move the tabs to the top, bottom, left, or right of the window.

5. A Real Browser

Delphi 1 through 4 shipped with essentially the same icky object browser. If you didn’t know it
was there, don’t feel alone; many folks never used it because it didn’t have a lot to offer.
Finally, Delphi 5 comes equipped with a completely redone object browser! Shown in Figure
1.6, the new browser is accessible by selecting View, Browser in the main menu. This tool pre-
sents a tree view that lets you navigate globals, classes, and units and drill down into scope,
inheritance, and references of the symbols.

6. GUID, Anyone?

In the small-but-useful category, you’ll find the Ctrl+Shift+G keystroke. Striking this keystroke
will place a fresh new GUID in the Code Editor. A real timesaver when you’re declaring new
interfaces.
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The new browser.

7. C++ Syntax Highlighting

If you’re like us, you often like to view C++ files, such as SDK headers, while you work in
Delphi. Because Delphi and C++Builder share the same editor source code, one of the advan-
tages to users is syntax highlighting of C++ files. Just load up a C++ file such as a .CPP or .H
module in the Code Editor, and it handles the rest automatically.

8. To Do...

Use the To Do List to manage work in progress in your source files. You may view the To Do
List by selecting View, To Do List from the main menu. This list is automatically populated
from any comments in your source code that begin with the token 70D0. You can use the To Do
Items window to set the owner, priority, and category for any To Do item. This window is
shown in Figure 1.7, docked to the bottom of the Code Editor.

9. Use the Project Manager

The Project Manager can be a big timesaver when navigating around large projects—especially
those projects that are composed of multiple EXE or DLL modules, but it’s amazing how many
people forget that it’s there. You can access the Project Manager by selecting View, Project
Manager from the main menu. Delphi 5 adds some nice new features to the Project Manager,
such as drag-and-drop copying and copy and paste between projects.
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To Do Items window.

10. Use Code Insight to Complete Declarations and
Parameters

When you type Identifier., a window will automatically pop up after the dot to provide you
with a list of properties, methods, events, and fields available for that identifier. You can right-
click this window to sort the list by name or by scope. If the window goes away before you're
ready, just hit Ctrl+space to bring it back up.

Remembering all the parameters to a function can be a pain, so it’s nice that Code Insight auto-
matically helps by providing a tooltip with the parameter list when you type FunctionName( in
the Code Editor. Remember to hit Ctrl+Shift+space to bring the tooltip back up if it goes away
before you’re ready.

Summary

By now you should have an understanding of the Delphi 5 product line and the Delphi IDE as
well as how Delphi fits into the Windows development picture in general. This chapter was
intended to acclimate you to Delphi and to the concepts used throughout the book. Now the
stage has been set for the really technical stuff to come. Before you move much deeper into the
book, make sure you’re comfortable using and navigating around the IDE and know how to
work with small projects.
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This chapter sets aside the visual elements of Delphi in order to provide you with an overview
of Delphi’s underlying language—Object Pascal. To begin with, you’ll receive an introduction
to the basics of the Object Pascal language, such as language rules and constructs. Later on,
you’ll learn about some of the more advanced aspects of Object Pascal, such as classes and
exception handling. Because this isn’t a beginner’s book, it assumes that you have some expe-
rience with other high-level computer languages such as C, C++, or Visual Basic, and it com-
pares Object Pascal language structure to that of those other languages. By the time you’re
finished with this chapter, you’ll understand how programming concepts such as variables,
types, operators, loops, cases, exceptions, and objects work in Pascal as compared to C++ and
Visual Basic.

Even if you have some recent experience with Pascal, you’ll find this chapter useful, as this is
really the only point in the book where you learn the nitty-gritty of Pascal syntax and semantics.

Comments

As a starting point, you should know how to make comments in your Pascal code. Object
Pascal supports three types of comments: curly brace comments, parentheses/asterisk com-
ments, and C++-style double backslash comments. Examples of each type of comment follow:

{ Comment using curly braces }
(* Comment using paren and asterisk *)
// C++-style comment

The two types of Pascal comments are virtually identical in behavior. The compiler considers
the comment to be everything between the open-comment and close-comment delimiters. For
C++-style comments, everything following the double backslash until the end of the line is
considered a comment.

NoTE

You cannot nest comments of the same type. Although it is legal syntax to nest
Pascal comments of different types inside one another, we don’t recommend the
practice. Here are some examples:

{ (* This is legal *) }

(* { This is legal } *)

(* (* This is illegal *) *)

{ { This is illegal } }
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New Procedure and Function Features

Because procedures and functions are fairly universal topics as far as programming languages
are concerned, we won’t go into too much detail here. We just want to fill you in on a few new
or little-known features.

Parentheses

Although not new to Delphi 5, one of the lesser-known features of Object Pascal is that paren-
theses are optional when calling a procedure or function that takes no parameters. Therefore,
the following syntax examples are both valid:

Form1.Show;
Form1.Show();

Granted, this feature isn’t one of those things that sends chills up and down your spine, but it’s
particularly nice for those who split their time between Delphi and languages such as C++ or
Java, where parentheses are required. If you're not able to spend 100 percent of your time in
Delphi, this feature means you don’t have to remember to use different function-calling syntax
for different languages.

Overloading

Delphi 4 introduced the concept of function overloading (that is, the ability to have multiple
procedures or functions of the same name with different parameter lists). All overloaded meth-
ods are required to be declared with the overload directive, as shown here:

procedure Hello(I: Integer); overload;
procedure Hello(S: string); overload;
procedure Hello(D: Double); overload;

Note that the rules for overloading methods of a class are slightly different and are explained in
the section “Method Overloading.” Although this is one of the features most requested by
developers since Delphi 1, the phrase that comes to mind is, “Be careful what you wish for.”
Having multiple functions and procedures with the same name (on top of the traditional ability
to have functions and procedures of the same name in different units) can make it more diffi-
cult to predict the flow of control and debug your application. Because of this, overloading is a
feature you should employ judiciously. Not to say that you should avoid it; just don’t overuse it.

Default Value Parameters

Also introduced in Delphi 4 were default value parameters (that is, the ability to provide a
default value for a function or procedure parameter and not have to pass that parameter when
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calling the routine). In order to declare a procedure or function that contains default value para-
meters, follow the parameter type with an equal sign and the default value, as shown in the
following example:

procedure HasDefVal(S: string; I: Integer = 0);

The HasDefVal() procedure can be called in one of two ways. First, you can specify both para-
meters:

HasDefVal('hello', 26);

Second, you can specify only parameter S and use the default value for I:
HasDefVal('hello'); // default value used for I

You must follow several rules when using default value parameters:

e Parameters having default values must appear at the end of the parameter list. Parameters
without default values may not follow parameters with default values in a procedure or
function’s parameter list.

e Default value parameters must be of an ordinal, pointer, or set type.

e Default value parameters must be passed by value or as const. They may not be refer-
ence (out) or untyped parameters.

One of the biggest benefits of default value parameters is in adding functionality to existing
functions and procedures without sacrificing backward compatibility. For example, suppose
you sell a unit that contains a revolutionary function called AddInts() that adds two numbers:
function AddInts(I1, I2: Integer): Integer;
begin

Result := I1 + I2;
end;

In order to keep up with the competition, you feel you must update this function so that it has
the capability for adding three numbers. However, you’re loathe to do so because adding a
parameter will cause existing code that calls this function to not compile. Thanks to default
parameters, you can enhance the functionality of AddInts() without compromising compatibil-
ity. Here’s an example:

function AddInts(I1, I2: Integer; I3: Integer = 0);

begin

Result := I1 + I2 + I3;
end;
Variables

You might be used to declaring variables off the cuff: “I need another integer, so I’1l just
declare one right here in the middle of this block of code.” If that has been your practice,
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you’re going to have to retrain yourself a little in order to use variables in Object Pascal.
Object Pascal requires you to declare all variables up front in their own section before you
begin a procedure, function, or program. Perhaps you used to write free-wheeling code like
this:

void foo(void)
{
int x
X++;
int y = 2;
float f;
/... etc

1l
_

}

In Object Pascal, any such code must be tidied up and structured a bit more to look like this:

Procedure Foo;

var

X, y: Integer;

f: Double;
begin

X 1= 1;

inc(x);

y =25

//... etc ...
end;

NorTE
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Object Pascal—like Visual Basic, but unlike C and C++—is not a case-sensitive lan-
guage. Upper- and lowercase is used for clarity’s sake, so use your best judgment, as
the style used in this book indicates. If the identifier name is several words mashed
together, remember to capitalize for clarity. For example, the following name is
unclear and difficult to read:

procedure thisprocedurenamemakesnosense;
This code is quite readable, however:

procedure ThisProcedureNameIsMoreClear;

For a complete reference on the coding style guidelines used for this book, see
Chapter 6, “Coding Standards,” on the CD accompanying this book.

You might be wondering what all this structure business is and why it’s beneficial. You’ll find,

however, that Object Pascal’s structured style lends itself to code that’s more readable, main-
tainable, and less buggy than the more scattered style of C++ or Visual Basic.
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Notice how Object Pascal enables you to group more than one variable of the same type
together on the same line with the following syntax:

VarNamel, VarName2: SomeType;

Remember that when you’re declaring a variable in Object Pascal, the variable name precedes
the type, and there’s a colon between the variables and types. Note that the variable initializa-
tion is always separate from the variable declaration.

A language feature introduced in Delphi 2 enables you to initialize global variables inside a
var block. Here are some examples demonstrating the syntax for doing so:

var
i: Integer = 10;
S: string = 'Hello world';
D: Double = 3.141579;
NorTe

Preinitialization of variables is only allowed for global variables, not variables that
are local to a procedure or function.

Tip

The Delphi compiler sees to it that all global data is automatically zero-initialized.
When your application starts, all integer types will hold 0, floating-point types will
hold 0.0, pointers will be nil, strings will be empty, and so forth. Therefore, it's not
necessary to zero-initialize global data in your source code.

Constants

Constants in Pascal are defined in a const clause, which behaves similarly to C’s const key-
word. Here’s an example of three constant declarations in C:

const float ADecimalNumber = 3.14;
const int i = 10;
const char * ErrorString = "Danger, Danger, Danger!";

The major difference between C constants and Object Pascal constants is that Object Pascal,
like Visual Basic, does not require you to declare the constant’s type along with the value in
the declaration. The Delphi compiler automatically allocates proper space for the constant
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based on its value, or, in the case of scalar constants such as Integer, the compiler keeps track
of the values as it works, and space never is allocated. Here’s an example:

const
ADecimalNumber = 3.14;
i=10;
ErrorString = 'Danger, Danger, Danger!';
NoTE
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Space is allocated for constants as follows: Integer values are “fit” into the smallest
type allowable (10 into a ShortInt, 32,000 into a SmallInt, and so on). Alphanumeric
values fit into Char or the currently defined (by $H) string type. Floating-point values
are mapped to the extended data type, unless the value contains four or fewer deci-
mal places explicitly, in which case it's mapped to a Comp type. Sets of Integer and
Char are of course stored as themselves.

Optionally, you can also specify a constant’s type in the declaration. This provides you with
full control over how the compiler treats your constants:

const
ADecimalNumber: Double = 3.14;
I: Integer = 10;
ErrorString: string = 'Danger, Danger, Danger!';

Object Pascal permits the usage of compile-time functions in const and var declarations.
These routines include Ord (), Chr(), Trunc(), Round(), High(), Low(), and SizeOf (). For
example, all of the following code is valid:

type
A = array[1..2] of Integer;

const
w: Word = SizeOf (Byte);

i: Integer = 8;

j: SmallInt = Ord('a');

L: Longint = Trunc(3.14159);
x: ShortInt = Round(2.71828);
B1: Byte = High(A);

B2: Byte = Low(A);

C: char = Chr(46);
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CAUTION

The behavior of 32-bit Delphi type-specified constants is different from that in 16-bit
Delphi 1. In Delphi 1, the identifier declared wasn’t treated as a constant but as a
preinitialized variable called a typed constant. However, in Delphi 2 and later, type-
specified constants have the capability of being truly constant. Delphi provides a
backward-compatibility switch on the Compiler page of the Project, Options dialog
box, or you can use the $J compiler directive. By default, this switch is enabled for
compatibility with Delphi 1 code, but you're best served not to rely on this capability
because the implementers of the Object Pascal language are trying to move away
from the notion of assignable constants.

If you try to change the value of any of these constants, the Delphi compiler emits an error
explaining that it’s against the rules to change the value of a constant. Because constants are
read-only, Object Pascal optimizes your data space by storing those constants that merit stor-
age in the application’s code pages. If you’re unclear about the notions of code and data pages,
see Chapter 3, “The Win32 API.”

NoTE

Object Pascal does not have a preprocessor as do C and C++. There's no concept of a
macro in Object Pascal and, therefore, no Object Pascal equivalent for C's #define for
constant declaration. Although you may use Object Pascal’s $define compiler direc-
tive for conditional compiles similar to C's #define, you cannot use it to define con-
stants. Use const in Object Pascal where you would use #define to declare a constant

in Cor C++.

Operators

Operators are the symbols in your code that enable you to manipulate all types of data. For
example, there are operators for adding, subtracting, multiplying, and dividing numeric data.
There are also operators for addressing a particular element of an array. This section explains
some of the Pascal operators and describes some of the differences between their C and Visual

Basic counterparts.

Assignment Operators

If you’re new to Pascal, Delphi’s assignment operator is going to be one of the toughest things
to get used to. To assign a value to a variable, use the := operator as you would C or Visual
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Basic’s = operator. Pascal programmers often call this the gets or assignment operator, and the
expression

Numberi := 5;

is read either “Number1 gets the value 5,” or “Number1 is assigned the value 5.”

Comparison Operators

If you’ve already programmed in Visual Basic, you should be very comfortable with Delphi’s
comparison operators because they’re virtually identical. These operators are fairly standard
throughout programming languages, so they’re covered only briefly in this section.

Object Pascal uses the = operator to perform logical comparisons between two expressions or
values. Object Pascal’s = operator is analogous to C’s == operator, so a C expression that would
be written as

if (x ==y)
would be written as this in Object Pascal:

if x =y

NoOTE

Remember that in Object Pascal, the := operator is used to assign a value to a vari-
able, and the = operator compares the values of two operands.

Delphi’s “not equal to”” operator is <>, and its purpose is identical to C’s != operator. To deter-
mine whether two expressions are not equal, use this code:

if x <>y then DoSomething

Logical Operators

Pascal uses the words and and or as logical “and” and “or” operators, whereas C uses the &&
and | | symbols, respectively, for these operators. The most common use of the and and or
operators is as part of an if statement or loop, as demonstrated in the following two examples:
if (Condition 1) and (Condition 2) then

DoSomething;

while (Condition 1) or (Condition 2) do
DoSomething;

41
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Pascal’s logical “not” operator is not, which is used to invert a Boolean expression. It’s analo-
gous to C’s | operator. It’s also often used as a part of if statements, as shown here:

if not (condition) then (do something); // if condition is false then...

Table 2.1 provides an easy reference of how Pascal operators map to corresponding C/C++ and
Visual Basic operators.

TaBLE 2.1 Assignment, comparison, and logical operators

Operator Pascal C/C++ Visual Basic
Assignment 1= = =
Comparison = == =or Is*
Not equal to <> 1= <>

Less than < < <
Greater than > > >

Less than or equal to <= <= <=
Greater than or equal to >= >= >=
Logical and and && And
Logical or or || or
Logical not not ! Not

*The Is comparison operator is used for objects, while the = comparison operator is used for other types.

Arithmetic Operators

You should already be familiar with most Object Pascal arithmetic operators because they’re
generally similar to those used in C, C++, and Visual Basic. Table 2.2 illustrates all the Pascal
arithmetic operators and their C/C++ and Visual Basic counterparts.

TABLE 2.2 Arithmetic operators

Operator Pascal C/C++ Visual Basic
Addition + + +

Subtraction

Multiplication * * *
Floating-point division / / /

Integer division div / \

Modulus mod % Mod

Exponent None None ~
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You may notice that Pascal and Visual Basic provide different division operators for floating-
point and integer math, while this is not the case for C/C++. The div operator automatically
truncates any remainder when you’re dividing two integer expressions.

43
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Remember to use the correct division operator for the types of expressions with
which you’re working. The Object Pascal compiler gives you an error if you try to
divide two floating-point numbers with the integer div operator or two integers
with the floating-point / operator, as the following code illustrates:

var
i: Integer;
r: Real;
begin
i:=4/ 3; // This line will cause a compiler error
f 1= 3.4 div 2.3; // This line also will cause an error
end;

Many other programming languages do not distinguish between integer and floating-
point division. Instead, they always perform floating-point division and then convert
the result back to an integer when necessary. This can be rather expensive in terms of
performance. The Pascal div operator is faster and more specific.

Bitwise Operators

Bitwise operators are operators that enable you to modify individual bits of a given variable.
Common bitwise operators enable you to shift the bits to the left or right or to perform bitwise
“and,” “not,” “or,” and “exclusive or” (xor) operations with two numbers. The Shift+Left and
Shift+Right operators are shl and shr, respectively, and they’re much like C’s << and >> oper-
ators. The remainder of Pascal’s bitwise operators is easy enough to remember: and, not, or,
and xor. Table 2.3 lists the bitwise operators.

TABLE 2.3 Bitwise operators

Operator Pascal C Visual Basic
And and & And

Not not ~ Not

Or or | or

Xor xor ” Xor
Shift+Left shl << None

Shift+Right shr >> None
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Increment and Decrement Procedures

Increment and decrement procedures generate optimized code for adding or subtracting 1 from
a given integral variable. Pascal doesn’t really provide honest-to-gosh increment and decrement
operators similar to C’s ++ and — - operators, but Pascal’s Inc() and Dec () procedures com-
pile optimally to one machine instruction.

You can call Inc() or Dec() with one or two parameters. For example, the following two lines
of code increment and decrement variable, respectively, by 1, using the inc and dec assembly
instructions:

Inc(variable);
Dec(variable);

Compare the following two lines, which increment or decrement variable by 3 using the add
and sub assembly instructions:

Inc(variable, 3);
Dec(variable, 3);

Table 2.4 compares the increment and decrement operators of different languages.

NoTE

With compiler optimization enabled, the Inc() and Dec() procedures often produce
the same machine code as variable :=variable + 1 syntax, so use whichever you
feel more comfortable with for incrementing and decrementing variables.

TaBLE 2.4 Increment and decrement operators

Operator Pascal C Visual Basic
Increment Inc() ++ None
Decrement Dec() —- None

Object Pascal Types

One of Object Pascal’s greatest features is that it’s strongly typed, or fypesafe. This means that
actual variables passed to procedures and functions must be of the same type as the formal
parameters identified in the procedure or function definition. You won’t see any of the famous
compiler warnings about suspicious pointer conversions that C programmers have grown

to know and love. This is because the Object Pascal compiler will not permit you to call a
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function with one type of pointer when another type is specified in the function’s formal para-
meters (although functions that take untyped Pointer types accept any type of pointer).
Basically, Pascal’s strongly typed nature enables it to perform a sanity check of your code—

to ensure you’re not trying to put a square peg in a round hole.

A Comparison of Types

Delphi’s base types are similar to those of C and Visual Basic. Table 2.5 compares and con-
trasts the base types of Object Pascal with those of C/C++ and Visual Basic. You may want to
earmark this page because this table provides an excellent reference for matching types when
calling functions in non-Delphi dynamic link libraries (DLLs) or object files (OBJs) from

Delphi (and vice versa).

TABLE 2.5 A PascaL 10 C/C++ TO VISUAL BASIC 32-BIT TYPE COMPARISON

45

Visual
Type of Variable Pascal C/C++ Basic
8-bit signed integer ShortInt char None
8-bit unsigned integer Byte BYTE, Byte
unsigned short
16-bit signed integer Smalllnt short Short
16-bit unsigned integer Word unsigned short None
32-bit signed integer Integer, int, long Integer, Long
Longint
32-bit unsigned integer Cardinal, unsigned long None
LongWord
64-bit signed integer Int64 __inte64 None
4-byte floating point Single float Single
6-byte floating point Real48 None None
8-byte floating point Double double Double
10-byte floating point Extended long double None
64-bit currency currency None Currency
8-byte date/time TDateTime None Date
16-byte variant Variant, VARIANT Variant
OleVariant, Variantf, (Default)
TVarData Olevariantf
1-byte character Char char None

continues
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TaBLE 2.5 Continued

Visual
Type of Variable Pascal C/C++ Basic
2-byte character wideChar WCHAR
Fixed-length byte string ShortString None None
Dynamic string AnsiString AnsiStringf String
Null-terminated string PChar char * None
Null-terminated wide string PwideChar LPCWSTR None
Dynamic 2-byte string WideString WideStringf None
1-byte Boolean Boolean, (Any 1-byte) None
ByteBool
2-byte Boolean WordBool (Any 2-byte) Boolean
4-byte Boolean BOOL, BOOL None
LongBool

1 A Borland C++Builder class that emulates the corresponding Object Pascal type

NoTE

If you're porting 16-bit code from Delphi 1.0, be sure to bear in mind that the size of
both the Integer and Cardinal types has increased from 16 to 32 bits. Actually, that's
not quite accurate: Under Delphi 2 and 3 the Cardinal type was treated as an
unsigned 31-bit integer in order to preserve arithmetic precision (because Delphi 2 and
3 lacked a true unsigned 32-bit integer to which results of integer operations could be
promoted). Under Delphi 4 and higher, Cardinal is a true unsigned 32-bit integer.

CAUTION

In Delphi 1, 2, and 3, the Real type identifier specified a 6-byte floating-point num-
ber, which is a type unique to Pascal and generally incompatible with other lan-
guages. In Delphi 4, Real is an alias for the Double type. The old 6-byte floating-point
number is still there, but it's now identified by Real48. You can also force the Real
identifier to refer to the 6-byte floating-point number using the {$REALCOMPATIBILITY

ON} directive.
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Characters
Delphi provides three character types:
e AnsicChar. This is the standard one-byte ANSI character that programmers have grown to
know and love.
e WwideChar. This character is two bytes in size and represents a Unicode character.
 Char. This is currently identical to AnsiChar, but Borland warns that the definition may

change in a later version of Delphi to a WideChar.

Keep in mind that because a character is no longer guaranteed to be one byte in size, you
shouldn’t hard-code the size into your applications. Instead, you should use the SizeOf () func-
tion where appropriate.

NoOTE
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The SizeOf () standard procedure returns the size, in bytes, of a type or instance.

A Multitude of Strings

Strings are variable types used to represent groups of characters. Every language has its own
spin on how string types are stored and used. Pascal has several different string types to suit
your programming needs:

* AnsiString, the default string type for Object Pascal, is comprised of AnsiChar charac-
ters and allows for virtually unlimited lengths. It’s also compatible with null-terminated
strings.

* ShortString remains in the language primarily for backward compatibility with Delphi
1. Its capacity is limited to 255 characters.

e WideString is similar in functionality to AnsiString except that it consists of WideChar
characters.

* PChar is a pointer to a null-terminated Char string—Ilike C’s char * and 1lpstr types.

* PAnsiChar is a pointer to a null-terminated AnsiChar string.

* PWideChar is a pointer to a null-terminated WideChar string.
By default, when you declare a string variable in your code, as shown in the following exam-
ple, the compiler assumes that you're creating an AnsiString:

var
S: string; // S is an AnsiString
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Alternatively, you can cause variables declared as string types to instead be of type
ShortString using the $H compiler directive. When the value of the $H compiler directive is
negative, string variables are ShortString types, and when the value of the directive is posi-
tive (the default), string variables are AnsiString types. The following code demonstrates
this behavior:

var
{$H-}
S1: string; // S1 is a ShortString
{$H+}
S2: string; // S2 is an AnsiString

The exception to the $H rule is that a string declared with an explicit size (limited to a maxi-
mum of 255 characters) is always a ShortString:

var
S: string[63]; // A ShortString of up to 63 characters

The AnsiString Type

The AnsiString (or long string) type was introduced to the language in Delphi 2. It exists pri-
marily as a result of widespread Delphi 1 customer demand for an easy-to-use string type with-
out the intrusive 255-character limitation. AnsiString is that and more.

Although AnsiString types maintain an interface almost identical their predecessors, they’re
dynamically allocated and garbage-collected. Because of this, AnsiString is sometimes
referred to as a lifetime-managed type. Object Pascal also automatically manages allocation of
string temporaries as needed, so you needn’t worry about allocating buffers for intermediate
results as you would in C/C++. Additionally, AnsiString types are always guaranteed to be
null terminated, which makes them compatible with the null-terminated strings used by the
Win32 API. The AnsiString type is actually implemented as a pointer to a string structure in
heap memory. Figure 2.1 shows how an AnsiString is laid out in memory.

[Allgcation size] [Refcount] | Jrength] [o]p[a]#0]

AnsiString/

FIGURE 2.1
An AnsiString in memory.

CAUTION

The complete internal format of the long string type is left undocumented by
Borland, and Borland reserves the right to change the internal format of long strings
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with future releases of Delphi. The information here is intended mainly to help you
understand how AnsiString types work, and you should avoid being dependent on
the structure of an AnsiString in your code.

Developers who avoided the implementation of details of string moving from Delphi
1 to Delphi 2 were able to migrate their code with no problems. Those who wrote
code that depended on the internal format (such as the Oth element in the string
being the length) had to modify their code for Delphi 2.

As Figure 2.1 illustrates, AnsiString types are reference counted, which means that several
strings may point to the same physical memory. String copies, therefore, are very fast because
it’s merely a matter of copying a pointer rather than copying the actual string contents. When
two or more AnsiString types share a reference to the same physical string, the Delphi mem-
ory manager uses a copy-on-write technique, which enables it to wait until a string is modified
to release a reference and allocate a new physical string. The following example illustrates
these concepts:

var
S1, S2: string;
begin
/| store string in S1, ref count of S1 is 1
S1 := 'And now for something... ';
S2 := 81; // S2 now references S1. Ref count of S1 is 2.

// S2 is changed, so it is copied to its own
// memory space, and ref count of S1 is decremented

S2 := S2 + 'completely different!';

49

Lifetime-Managed Types

In addition to AnsiString, Delphi provides several other types that are lifetime-
managed. These types include WideString, Variant, OleVariant, interface,
dispinterface, and dynamic arrays. You'll learn more about each of these types later
in this chapter. For now, we’ll focus on what exactly lifetime-managed types are and
how they work.

Lifetime-managed types, sometimes called garbage-collected types, are types that
potentially consume some particular resource while in use and release the resource
automatically when they fall out of scope. Of course, the variety of resources used

continues
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depends on the type involved. For example, an AnsiString consumes memory for the
character string while in use, and the memory occupied by the character string is
released when it leaves scope.

For global variables, this process is fairly straightforward: As a part of the finalization
code generated for your application, the compiler inserts code to ensure that each
lifetime-managed global variable is cleaned up. Because all global data is zero-
initialized when your application loads, each lifetime-managed global variable will
always initially contain a zero, empty, or some other value indicating the variable is
“unused.” This way, the finalization code won't attempt to free resources unless
they're actually used in your application.

Whenever you declare a local lifetime-managed variable, the process is slightly more
complex: First, the compiler inserts code to ensure that the variable is initialized to
zero when the function or procedure is entered. Next, the compiler generates a
try..finally exception-handling block, which it wraps around the entire function
body. Finally, the compiler inserts code in the finally block to clean up the lifetime-
managed variable (exception handling is explained in more detail in the section
“Structured Exception Handling”). With this in mind, consider the following procedure:

procedure Foo;
var
S: string;
begin
/] procedure body
// use S here
end;

Although this procedure looks simple, if you take into account the code generation
by the compiler behind the scenes, it would actually look like this:

procedure Foo;
var
S: string;
begin
S :='";
try
// procedure body
// use S here
finally
// clean up S here
end;
end;

String Operations
You can concatenate two strings by using the + operator or the Concat () function. The pre-
ferred method of string concatenation is the + operator because the Concat () function exists
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primarily for backward compatibility. The following example demonstrates the use of + and
Concat():

{ using + }

var
S, S2: string
begin
S:= 'Cookie ':
S2 := 'Monster';
S := S + 82; { Cookie Monster }
end.

{ using Concat() }

var

S, S2: string;
begin

S:= 'Cookie ';

S2 := 'Monster';

S := Concat(S, S2); { Cookie Monster }
end.

NorTE
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Always use single quotation marks (‘A String') when working with string literals in
Object Pascal.

Tip

Concat () is one of many “compiler magic” functions and procedures (like ReadLn ()
and WriteLn(), for example) that don’t have an Object Pascal definition. Because
such functions and procedures are intended to accept an indeterminate number of
parameters or optional parameters, they cannot be defined in terms of the Object
Pascal language. Because of this, the compiler provides a special case for each of
these functions and generates a call to one of the “compiler magic” helper functions
defined in the System unit. These helper functions are generally implemented in
assembly language in order to circumvent Pascal language rules.

In addition to the “compiler magic” string support functions and procedures, there
are a variety of functions and procedures in the SysUtils unit designed to make
working with strings easier. Search for “String-handling routines (Pascal-style)” in the
Delphi online help system.

Furthermore, you'll find some very useful homebrewed string utility functions and
procedures in the StrUtils unit in the \Source\Utils directory on the CD-ROM
accompanying this book.
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Length and Allocation

When first declared, an AnsiString has no length and therefore no space allocated for the
characters in the string. To cause space to be allocated for the string, you can assign the string
to a literal or another string, or you can use the SetLength() procedure, as shown here:

var
S: string; // string initially has no length
begin
S := 'Doh!’; // allocates at least enough space for string literal
{or}
S := OtherString // increases ref count of OtherString
// (assume OtherString already points to a valid string)
{or}

SetLength(S, 4); // allocates enough space for at least 4 chars
end;

You can index the characters of an AnsiString like an array, but be careful not to index
beyond the length of the string. For example, the following code snippet will cause an error:

var

S: string;
begin

S[1] := 'a'; // Won't work because S hasn't been allocated!
end;

This code, however, works properly:

var

S: string;
begin

SetLength(S, 1);

S[1] := 'a'; // Now S has enough space to hold the character
end;

Win32 Compatibility

As mentioned earlier, AnsiString types are always null-terminated, so they’re compatible with
null-terminated strings. This makes it easy to call Win32 API functions or other functions
requiring PChar-type strings. All that’s required is that you typecast the string as a PChar
(typecasting is explained in more detail in the section “Typecasting and Type Conversion”).
The following code demonstrates how to call the Win32 GetWindowsDirectory () function,
which accepts a PChar and buffer length as parameters:

var
S: string;

begin
SetLength(S, 256); // important! get space for string first
// call function, S now holds directory string
GetWindowsDirectory(PChar(S), 256);

end;
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After using an AnsiString where a function or procedure expects a PChar, you must manually
set the length of the string variable to its null-terminated length. The RealizelLength() func-
tion, which also comes from the STRUTILS unit, accomplishes that task:

procedure RealizelLength(var S: string);
begin

SetLength(S, StrLen(PChar(S)));
end;

Calling RealizelLength() completes the substitution of a long string for a PChar:

var
S: string;

begin
SetLength(S, 256); // important! get space for string first
// call function, S now holds directory string
GetWindowsDirectory(PChar(S), 256);
RealizelLength(S); // set S length to null length

end;

53

CAUTION

Exercise care when typecasting a string to a PChar variable. Because strings are
garbage-collected when they go out of scope, you must pay attention when making
assignments such as P := PChar(Str), where the scope (or lifetime) of P is greater
than Str.

Porting Issues
When you’re porting 16-bit Delphi 1 applications, you need to keep in mind a number of
issues when migrating to AnsiString types:

* In places where you used the PString (pointer to a ShortString) type, you should
instead use the string type. Remember, an AnsiString is already a pointer to a string.

* You can no longer access the Oth element of a string to get or set the length. Instead, use
the Length () function to get the string length and the SetLength() procedure to set the
length.

e There’s no longer any need to use StrPas() and StrPCopy () to convert back and forth
between strings and PChar types. As shown earlier, you can typecast an AnsiString to a
PChar. When you want to copy the contents of a PChar to an AnsiString, you can use a
direct assignment:

StringVar := PCharVar;
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CAUTION

Remember that you must use the SetLength() procedure to set the length of a long
string, whereas the past practice was to directly access the 0th element of a short
string to set the length. This issue will arise when you attempt to port 16-bit Delphi
1.0 code to 32 bits.

The ShortString Type

If you’re a Delphi veteran, you’ll recognize the ShortString type as the Delphi 1.0 string
type. ShortString types are sometimes referred to as Pascal strings or length-byte strings. To
reiterate, remember that the value of the $H directive determines whether variables declared as
string are treated by the compiler as AnsiString or ShortString.

In memory, the string resembles an array of characters where the Oth character in the string
contains the length of the string, and the string itself is contained in the following characters.
The storage size of a ShortString defaults to the maximum of 256 bytes. This means that you
can never have more than 255 characters in a ShortString (255 characters + 1 length byte =
256). As with AnsiString, working with ShortString is fairly painless because the compiler
allocates string temporaries as needed, so you don’t have to worry about allocating buffers for
intermediate results or disposing of them as you do with C.

Figure 2.2 illustrates how a Pascal string is laid out in memory.

#s[p]o]e]

FIGURE 2.2
A ShortString in memory.

A ShortString variable is declared and initialized with the following syntax:

var
S: ShortString;
begin
S := 'Bob the cat.';
end.

Optionally, you can allocate fewer than 256 bytes for a ShortString using just the string
type identifier and a length specifier, as in the following example:

var
S: string[45]; { a 45-character ShortString }
begin
S := 'This string must be 45 or fewer characters.';

end.
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The preceding code causes a ShortString to be created regardless of the current setting of the
$H directive. The maximum length you can specify is 255 characters.

Never store more characters to a ShortString than you have allocated memory for. If you
declare a variable as a string[8], for example, and try to assign
'a_pretty_darn_long_string' to that variable, the string would be truncated to only eight
characters, and you would lose data.

When using an array subscript to address a particular character in a ShortString, you could
get bogus results or corrupt memory if you attempt to use a subscript index that’s greater than
the declared size of the ShortString. For example, suppose you declare a variable as follows:

var
Str: string[8];

If you then attempt to write to the 10th element of the string as follows, you’re likely to corrupt
memory used by other variables:

var
Str: string[8];
i: Integer;
begin
i = 10;
Str[i] := 's'; // will corrupt memory

You can have the compiler link in special logic catch these types of errors at runtime by select-
ing Range Checking in the Options, Project dialog box.
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Tip

Although including range-checking logic in your program helps you find string
errors, range checking slightly hampers the performance of your application. It's com-
mon practice to use range checking during the development and debugging phases
of your program, but you should remove range checking after you become confident
in the stability of your program.

Unlike AnsiString types, ShortString types are not inherently compatible with null-termi-
nated strings. Because of this, a bit of work is required to be able to pass a ShortString to a
Win32 API function. The following function, ShortStringAsPChar(), is taken from the STRU-
TILS.PAS unit mentioned earlier:

func function ShortStringAsPChar(var S: ShortString): PChar;

{ Function null-terminates a string so it can be passed to functions }
{ that require PChar types. If string is longer than 254 chars, then it will }
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{ be truncated to 254. }

begin
if Length(S) = High(S) then Dec(S[@]); { Truncate S if it's too long }
S[Ord(Length(S)) + 1] := #0; { Place null at end of string }
Result := @S[1]; { Return "PChar'd" string }
end;
CAUTION

The functions and procedures in the Win32 API require null-terminated strings. Do
not try to pass a ShortString type to an API function because your program will not
compile. Your life will be easier if you use long strings when working with the API.

The WideString Type

The wideString type is a lifetime-managed type similar to AnsiString; they’re both dynami-
cally allocated, garbage collected, and even assignment compatible with one another. However,
WideString differs from AnsiString in three key respects:

* WideString types consist of WideChar characters rather than AnsiChar characters, mak-
ing them compatible with Unicode strings.

* WideString types are allocated using the SysAllocStrLen() API function, making them
compatible with OLE BSTR strings.

* WideString types are not reference counted, so assigning one WideString to another
requires the entire string to be copied from one location in memory to another. This
makes WideString types less efficient than AnsiString types in terms of speed and
memory use.

As mentioned earlier, the compiler automatically knows how to convert between variables of
AnsiString and WideString types, as shown here:

var
W: WideString;
S: string;
begin
W := 'Margaritaville';
S :=W; // Wide converted to Ansi
S := 'Come Monday';
W :=8S; // Ansi converted to Wide
end;

In order to make working with WideString types feel natural, Object Pascal overloads the
Concat (), Copy(), Insert(), Length(), Pos(), and SetLength() routines and the +, =, and <>
operators for use with WideString types. Therefore, the following code is syntactically correct:
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var
W1, W2: WideString;
P: Integer;

begin
W1 := 'Enfield';
w2 = 'field';

if W1 <> W2 then
P := Pos(Wi, W2);
end;
As with the AnsiString and ShortString types, you can use array brackets to reference indi-
vidual characters of a WideString:

var

W: WideString;

C: WideChar;
begin

W := 'Ebony and Ivory living in perfect harmony';

C := W[Length(W)]; // C holds the last character in W
end;

Null-Terminated Strings

Earlier, this chapter mentioned that Delphi has three different null-terminated string types:
PChar, PAnsiChar, and PWideChar. As their names imply, each of these represents a null-
terminated string of each of Delphi’s three character types. In this chapter, we refer to each of
these string types generically as PChar. The PChar type in Delphi exists mainly for compatibil-
ity with Delphi 1.0 and the Win32 API, which makes extensive use of null-terminated strings.
A Pchar is defined as a pointer to a string followed by a null (zero) value (if you’re unsure of
exactly what a pointer is, read on; pointers are discussed in more detail later in this section).
Unlike memory for AnsiString and WideString types, memory for PChar types is not auto-
matically allocated and managed by Object Pascal. Therefore, you’ll usually need to allocate
memory for the string to which it points, using one of Object Pascal’s memory-allocation func-
tions. The theoretical maximum length of a PChar string is just under 4GB. The layout of a
PChar variable in memory is shown in Figure 2.3.

Tip

57

Because Object Pascal’s AnsiString type can be used as a PChar in most situations,
you should use this type rather than the PChar type wherever possible. Because mem-
ory management for strings occurs automatically, you greatly reduce the chance of
introducing memory-corruption bugs into your applications if, where possible, you
avoid PChar types and the manual memory allocation associated with them.
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[o[p]a]#]
PChar/

FIGURE 2.3

A PChar in memory.

As mentioned earlier, PChar variables require you to manually allocate and free the memory
buffers that contain their strings. Normally, you allocate memory for a PChar buffer using the
StrAlloc () function, but several other functions can be used to allocate memory for PChar
types, including AllocMem(), GetMem(), StrNew(), and even the VirtualAlloc() API func-
tion. Corresponding functions also exist for many of these functions, which must be used to
deallocate memory. Table 2.6 lists several allocation functions and their corresponding deallo-
cation functions.

TABLE 2.6 Memory allocation and deallocation functions

Memory Allocated with... Must Be Freed with...
AllocMem() FreeMem()
GlobalAlloc() GlobalFree()
GetMem() FreeMem()

New () Dispose()
StrAlloc() StrDispose()
StriNew() StrDispose()
VirtualAlloc() VirtualFree()

The following example demonstrates memory allocation techniques when working with PChar
and string types:
var

P1, P2: PChar;
S1, S2: string;

begin
P1 := StrAlloc(64 * SizeOf(Char)); // P1 points to an allocation of 63 Chars
StrPCopy(P1, 'Delphi 5 '); // Copy literal string into P1
S1 := 'Developer''s Guide'; // Put some text in string S1
P2 := StrNew(PChar(S1)); // P1 points to a copy of S1
StrCat(P1, P2); // concatenate P1 and P2
S2 := P1; // S2 now holds 'Delphi 5 Developer's Guide'
StrDispose(P1); // clean up P1 and P2 buffers

StrDispose(P2);
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end.

Notice, first of all, the use of Size0Of (Char) with StrAlloc() when allocating memory for P1.
Remember that the size of a Char may change from one byte to two in future versions of
Delphi; therefore, you cannot assume the value of Char to always be one byte. Size0f ()
ensures that the allocation will work properly no matter how many bytes a character occupies.

StrCat () is used to concatenate two PChar strings. Note here that you cannot use the + opera-
tor for concatenation as you can with long string and ShortString types.

The StrNew() function is used to copy the value contained by string S1 into P2 (a PChar). Be
careful when using this function. It’s common to have memory-overwrite errors when using
StrNew() because it allocates only enough memory to hold the string. Consider the following
example:

59

var
P1, P2: Pchar;
begin
P1 := StrNew('Hello '); // Allocate just enoughmemory for P1 and P2
P2 := StrNew('World');
StrCat(P1, P2); // BEWARE: Corrupts memory!
Tip
end;

As with other types of strings, Object Pascal provides a decent library of utility func-
tions and procedures for operating on PChar types. Search for “String-handling rou-

tines (null-terminated)” in the Delphi online help system.

You'll also find some useful null-terminated functions and procedures in the Strutils
unit in the \Source\Utils directory on the CD-ROM accompanying this book.

Variant Types

Delphi 2.0 introduced a powerful data type called the variant. Variants were brought about
primarily in order to support OLE Automation, which uses the Variant type heavily. In fact,
Delphi’s variant data type is an encapsulation of the variant used with OLE. Delphi’s imple-

N

IDVNONY
1VIsvd
133raQ IHL



60

Essentials for Rapid Development

PART |

mentation of variants has also proven to be useful in other areas of Delphi programming, as
you’ll soon learn. Object Pascal is the only compiled language that completely integrates vari-
ants as a dynamic data type at runtime and as a static type at compile time in that the compiler
always knows that it’s a variant.

Delphi 3 introduced a new type called 0levariant, which is identical to Variant except that it
can only hold Automation-compatible types. In this section, we initially focus on the Variant
type and then we discuss OleVariant and contrast it with Variant.

Variants Change Types Dynamically

One of the main purposes of variants is to have a variable whose underlying data type cannot
be determined at compile time. This means that a variant can change the type to which it refers
at runtime. For example, the following code will compile and run properly:

var

V: Variant;
begin

V := 'Delphi is Great!'; // Variant holds a string

Vo= 1; // Variant now holds an Integer

V := 123.34; // Variant now holds a floating point

V := True; // Variant now holds a boolean

V := CreateOleObject('Word.Basic'); // Variant now holds an OLE object
end;

Variants can support all simple data types, such as integers, floating-point values, strings,
Booleans, date and time, currency, and also OLE Automation objects. Note that variants cannot
refer to Object Pascal objects. Also, variants can refer to a nonhomogeneous array, which can
vary in size and whose data elements can refer to any of the preceding data types (including
another variant array).

The Variant Structure
The data structure defining the Variant type is defined in the System unit and is also shown in
the following code:

type
PvarData = ~TVarData;
TvarData = packed record
VType: Word;
Reserved1, Reserved2, Reserved3: Word;
case Integer of
varSmallint: (VSmallint: Smallint);
varInteger: (VInteger: Integer);
varSingle: (vSingle: Single);
varDouble: (VDouble: Double);
varCurrency: (VCurrency: Currency);
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end;

varDate:
varOleStr:

varDispatch:

varkrror:
varBoolean:
varUnknown:
varByte:
varString:
varAny:
varArray:
varByRef:

(VDate: Double);
(VOleStr: PwideChar);
(VDispatch: Pointer);
(VError: LongWord);
(VBoolean: WordBool);
(VUnknown: Pointer);
(VByte: Byte);
(VString: Pointer);
(VAny: Pointer);
(VArray: PVarArray);
(VPointer: Pointer);

CHAPTER 2

The TvarData structure consumes 16 bytes of memory. The first two bytes of the TvarData
structure contain a word value that represents the data type to which the variant refers. The fol-
lowing code shows the various values that may appear in the VType field of the TvarData
record. The next six bytes are unused. The remaining eight bytes contain the actual data or a
pointer to the data represented by the variant. Again, this structure maps directly to OLE’s

implementation of the variant type. Here’s the code:

{ Variant type codes }

const
varEmpty = $0000;
varNull = $0001;

varSmallint = $0002;
varInteger = $0003;

varSingle = $0004;
varDouble = $0005;
varCurrency = $0006;
varDate = $0007;
varOleStr = $0008;
varDispatch = $0009;
varkrror = $000A;

varBoolean = $000B;
varVariant = $000C;
varUnknown = $000D;

varByte = $0011;

varStrArg = $0048;
NorTE

varString = $0100;

varAny = $0101;
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varTypeMask = $OFFF;
varArray $2000;
varByRef $4000;

As you may notice from the type codes in the preceding listing, a Variant cannot
contain a reference to a Pointer or class type.

You’ll notice from the TvarData listing that the TvarData record is actually a variant record.
Don’t confuse this with the Variant type. Although the variant record and Variant type have
similar names, they represent two totally different constructs. Variant records allow for multiple
data fields to overlap in the same area of memory (like a C/C++ union). This is discussed in
more detail in the “Records” section later in this chapter. The case statement in the TvarData
variant record indicates the type of data to which the variant refers. For example, if the VType
field contains the value varInteger, only four bytes of the eight data bytes in the variant por-
tion of the record are used to hold an integer value. Likewise, if VType has the value varByte,
only one byte of the eight are used to hold a byte value.

You’ll notice that if VType contains the value varString, the eight data bytes don’t actually
hold the string; instead, they hold a pointer to this string. This is an important point because
you can access fields of a variant directly, as shown here:

var
V: Variant;

begin
TvarData(V).VType := varlnteger;
TVarData(V).VInteger := 2;

end;

You must understand that in some cases this is a dangerous practice because it’s possible to
lose the reference to a string or other lifetime-managed entity, which will result in your appli-

cation leaking memory or other resources. You’ll see what we mean by the term garbage col-
lected in the following section.

Variants Are Lifetime Managed
Delphi automatically handles the allocation and deallocation of memory required of a Variant
type. For example, examine the following code, which assigns a string to a Variant variable:

procedure ShowVariant(S: string);

var
V: Variant
begin
V = 8§;
ShowMessage (V) ;
end;

As discussed earlier in this chapter in the sidebar on lifetime-managed types, several things are
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going on here that might not be apparent. Delphi first initializes the variant to an unassigned
value. During the assignment, it sets its VType field to varString and copies the string pointer
into its VString field. It then increases the reference count of string S. When the variant leaves
scope (that is, the procedure ends and returns to the code that called it), it’s cleared and the ref-
erence count of string S is decremented. Delphi does this by implicitly inserting a
try..finally block in the procedure, as shown here:

procedure ShowVariant(S: string);
var
V: Variant
begin
V := Unassigned; // initialize variant to "empty"
try
V :=S;
ShowMessage (V) ;
finally
// Now clean up the resources associated with the variant
end;
end;

This same implicit release of resources occurs when you assign a different data type to the
variant. For example, examine the following code:

procedure ChangeVariant(S: string);

var

V: Variant
begin

V :=S§;

V = 34;
end;

This code boils down to the following pseudo-code:

procedure ChangeVariant(S: string);

var
V: Variant
begin
Clear Variant V, ensuring it is initialized to "empty"
try
V.VType := varString; V.VString := S; Inc(S.RefCount);
Clear Variant V, thereby releasing reference to string;
V.VType := varInteger; V.VInteger := 34;
finally
Clean up the resources associated with the variant
end;

end;

63

N

I9VNONYT]

AR
153raQ IHL



64

Essentials for Rapid Development

PART |

If you understand what happens in the preceding examples, you’ll see why it’s not recom-
mended that you manipulate fields of the TvarData record directly, as shown here:

procedure ChangeVariant(S: string);

var
V: Variant
begin
V :=S;

TvarData(V).VType := varlnteger;
TvarData(V).VInteger := 32;
V = 34;

end;

Although this may appear to be safe, it’s not because it results in the failure to decrement the
reference count of string S, probably resulting in a memory leak. As a general rule, don’t
access the TvarData fields directly, or if you do, be absolutely sure that you know exactly what
you’re doing.

Typecasting Variants
You can explicitly typecast expressions to type Variant. For example, the expression
Variant (X)

results in a Variant type whose type code corresponds to the result of the expression X, which
must be an integer, real, currency, string, character, or Boolean type.

You can also typecast a variant to that of a simple data type. For example, given the assignment
V = 1.6;

where V is a variable of type Variant, the following expressions will have the results shown:

S := string(V); // S will contain the string '1.6';

// I is rounded to the nearest Integer value, in this case: 2.

I := Integer(V);

B := Boolean(V); // B contains False if V contains @, otherwise B is True
D := Double(V); // D contains the value 1.6

These results are dictated by certain type-conversion rules applicable to Variant types. These
rules are defined in detail in Delphi’s Object Pascal Language Guide.

By the way, in the preceding example, it’s not necessary to typecast the variant to another data
type to make the assignment. The following code would work just as well:

V 1= 1.6;

3

3

I
< < < < =

S
I:
B :=
D
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What happens here is that the conversions to the target data types are made through an implicit
typecast. However, because these conversions are made at runtime, there’s much more code
logic attached to this method. If you’re sure of the type a variant contains, you’re better off
explicitly typecasting it to that type in order to speed up the operation. This is especially true if
the variant is being used in an expression, which we’ll discuss next.

Variants in Expressions
You can use variants in expressions with the following operators: +, =, *, /, div, mod, shl, shr,
and, or, xor, not, :=, <>, <, >, <=, and >=.

When using variants in expressions, Delphi knows how to perform the operations based on the
contents of the variant. For example, if two variants, V1 and V2, contain integers, the expression
V1 + V2 results in the addition of the two integers. However, if V1 and V2 contain strings, the
result is a concatenation of the two strings. What happens if V1 and V2 contain two different
data types? Delphi uses certain promotion rules in order to perform the operation. For example,
if V1 contains the string '4.5"' and V2 contains a floating-point number, V1 will be converted to
a floating point and then added to V2. The following code illustrates this:

var
Vi, V2, V3: Variant;

begin
Vi := '100'; // A string type
V2 := '50'; /] A string type
V3 := 200; // An Integer type
V1 := V1 + V2 + V3;

end;

Based on what we just mentioned about promotion rules, it would seem at first glance that the
preceding code would result in the value 350 as an integer. However, if you take a closer look,
you’ll see that this is not the case. Because the order of precedence is from left to right, the
first equation executed is V1 + V2. Because these two variants refer to strings, a string concate-
nation is performed, resulting in the string '10050'. That result is then added to the integer
value held by the variant V3. Because V3 is an integer, the result ' 10050 is converted to an
integer and added to V3, thus providing an end result of 10250.

Delphi promotes the variants to the highest type in the equation in order to successfully carry
out the calculation. However, when an operation is attempted on two variants of which Delphi
cannot make any sense, an “invalid variant type conversion” exception is raised. The following
code illustrates this:

var
V1, V2: Variant;
begin
Vi = 77;
V2 := 'hello';
V1 := V1 / V2; // Raises an exception.
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end;

As stated earlier, it’s sometimes a good idea to explicitly typecast a variant to a specific data
type if you know what that type is and if it’s used in an expression. Consider the following line
of code:

V4 = V1 * V2 / V3;

Before a result can be generated for this equation, each operation is handled by a runtime func-
tion that goes through several gyrations to determine the compatibility of the types the variants
represent. Then the conversions are made to the appropriate data types. This results in a large
amount of overhead and code size. A better solution is obviously not to use variants. However,
when necessary, you can also explicitly typecast the variants so the data types are resolved at
compile time:

V4 := Integer(V1) * Double(V2) / Integer(V3);

Keep in mind that this assumes you know the data types the variants represent.

Empty and Null

Two special VType values for variants merit a brief discussion. The first is varEmpty, which
means that the variant has not yet been assigned a value. This is the initial value of the variant
set by the compiler as it comes into scope. The other is varNull, which is different from
varEmpty in that it actually represents the value Null as opposed to a lack of value. This dis-
tinction between no value and a Null value is especially important when applied to the field
values of a database table. In Chapter 27, “Writing Desktop Database Applications,” you’ll
learn how variants are used in the context of database applications.

Another difference is that attempting to perform any equation with a variant containing a
varempty VType value will result in an “invalid variant operation” exception. The same is not

CAUTION

true of variants containing a varNull value, however. When a variant involved in an equation
contains a Null value, that value will propagate to the result. Therefore, the result of any equa-
tion containing a Null is always Null.

If you want to assign or compare a variant to one of these two special values, the System unit
defines two variants, Unassigned and Null, which have the VType values of varEmpty and
varNull, respectively.

It may be tempting to use variants instead of the conventional data types because
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they seem to offer so much flexibility. However, this will increase the size of your code
and cause your applications to run more slowly. Additionally, it will make your code
more difficult to maintain. Variants are useful in many situations. In fact, the VCL,
itself, uses variants in several places, most notably in the ActiveX and database areas,
because of the data type flexibility they offer. Generally speaking, however, you
should use the conventional data types instead of variants. Only in situations where
the flexibility of the variant outweighs the performance of the conventional method
should you resort to using variants. Ambiguous data types beget ambiguous bugs.

Variant Arrays
Earlier we mentioned that a variant can refer to a nonhomogeneous array. Therefore, the fol-
lowing syntax is valid:

var

V: Variant;

I, J: Integer;
begin

I :=V[J];
end;

Bear in mind that, although the preceding code will compile, you’ll get an exception at runtime
because V does not yet contain a variant array. Object Pascal provides several variant array sup-
port functions that allow you to create a variant array. Two of these functions are
VarArrayCreate () and VarArrayOf().

VarArrayCreate()
VarArrayCreate () is defined in the System unit as

function VarArrayCreate(const Bounds: array of Integer;
VarType: Integer): Variant;

To use VarArrayCreate (), you pass in the array bounds for the array you want to create and a
variant type code for the type of the array elements (the first parameter is an open array, which
is discussed in the “Passing Parameters” section later in this chapter). For example, the follow-
ing code returns a variant array of integers and assigns values to the array items:

var
V: Variant;

begin
V := VarArrayCreate([1, 4], varInteger); // Create a 4-element array
V1] = 1;
V[2] := 2;
V[3] := 3;
V[4] := 4

H)
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end;

If variant arrays of a single type aren’t confusing enough, you can pass varvariant as the type
code in order to create a variant array of variants! This way, each element in the array has the
ability to contain a different type of data. You can also create a multidimensional array by pass-
ing in the additional bounds required. For example, the following code creates an array with
the bounds [1..4, 1..5]:

V := VarArrayCreate([1, 4, 1, 5], varlInteger);

VarArrayOf()

The varArray0f () function is defined in the System unit as
function VarArrayOf (const Values: array of Variant): Variant;

This function returns a one-dimensional array whose elements are given in the Values parame-
ter. The following example creates a variant array of three elements with an integer, a string,
and a floating-point value:

V := VarArrayOf([1, 'Delphi', 2.2]);

Variant Array Support Functions and Procedures

In addition to VarArrayCreate () and VarArrayOf (), there are several other variant array sup-
port functions and procedures. These functions are defined in the System unit and are also
shown here:

procedure VarArrayRedim(var A: Variant; HighBound: Integer);
function VarArrayDimCount(const A: Variant): Integer;

function VarArrayLowBound(const A: Variant; Dim: Integer): Integer;
function VarArrayHighBound(const A: Variant; Dim: Integer): Integer;
function VarArrayLock(const A: Variant): Pointer;

procedure VarArrayUnlock(const A: Variant);

function VarArrayRef(const A: Variant): Variant;

function VarIsArray(const A: Variant): Boolean;

The varArrayRedim() function allows you to resize the upper bound of the rightmost dimen-
sion of a variant array. The VarArrayDimCount () function returns the number of dimensions in
a variant array. VarArrayLowBound () and VarArrayHighBound () return the lower and upper
bounds of an array, respectively. VarArrayLock () and VarArrayUnlock () are two special func-
tions, which are described in later detail in the next section.

VarArrayRef () is intended to work around a problem that exists in passing variant arrays to
OLE Automation servers. The problem occurs when you pass a variant containing a variant
array to an automation method, like this:

Server.PassVariantArray(VA);
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The array is passed not as a variant array but rather as a variant containing a variant array—an
important distinction. If the server expected a variant array rather than a reference to one, the
server will likely encounter an error condition when you call the method with the preceding
syntax. VarArrayRef () takes care of this situation by massaging the variant into the type and
value expected by the server. Here’s the syntax for using vVarArrayRef ():

Server.PassVariantArray(VarArrayRef (VA));

VarIsArray () is a simple Boolean check, which returns True if the variant parameter passed to
it is a variant array or False otherwise.

Initializing a Large Array: VarArrayLock() and VarArrayUnlock()

Variant arrays are important in OLE Automation because they provide the only means for pass-
ing raw binary data to an OLE Automation server (note that pointers are not a legal type in
OLE Automation, as you’ll learn in Chapter 23, “COM and ActiveX”). However, if used incor-
rectly, variant arrays can be a rather inefficient means of exchanging data. Consider the follow-
ing line of code:

V := VarArrayCreate([1, 10000], VarByte);

This line creates a variant array of 10,000 bytes. Suppose you have another array (nonvariant)
declared of the same size and you want to copy the contents of this nonvariant array to the
variant array. Normally, you can only do this by looping through the elements and assigning
them to the elements of the variant array, as shown here:
begin

V := VarArrayCreate([1, 10000], VarByte);

for i := 1 to 10000 do

V[i] := A[i];

end;

The problem with this code is that it’s bogged down by the significant overhead required just
to initialize the variant array elements. This is due to the assignments to the array elements
having to go through the runtime logic to determine type compatibility, the location of each
element, and so forth. To avoid these runtime checks, you can use the VarArrayLock() func-
tion and the VarArrayUnlock () procedure.

VarArrayLock () locks the array in memory so that it cannot be moved or resized while it’s
locked, and it returns a pointer to the array data. VarArrayUnlock () unlocks an array locked
with VarArrayLock () and once again allows the variant array to be resized and moved in
memory. After the array is locked, you can employ a more efficient means to initialize the data
by using, for example, the Move () procedure with the pointer to the array’s data. The following
code performs the initialization of the variant array shown earlier, but in a much more efficient
manner:
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begin
V := VarArrayCreate([1, 10000], VarByte);
P := VarArrayLock(V);
try
Move (A, P*, 10000);
finally
VarArrayUnlock(V);
end;
end;

Supporting Functions
There are several other support functions for variants that you can use. These functions are
declared in the System unit and are also listed here:

procedure VarClear(var V: Variant);

procedure VarCopy(var Dest: Variant; const Source: Variant);

procedure VarCast(var Dest: Variant; const Source: Variant; VarType: Integer);
function VarType(const V: Variant): Integer;

function VarAsType(const V: Variant; VarType: Integer): Variant;

function VarIsEmpty(const V: Variant): Boolean;

function VarIsNull(const V: Variant): Boolean;

function VarToStr(const V: Variant): string;

function VarFromDateTime (DateTime: TDateTime): Variant;

function VarToDateTime(const V: Variant): TDateTime;

The varClear() procedure clears a variant and sets the VType field to varEmpty. VarCopy ()
copies the Source variant to the Dest variant. The VarCast () procedure converts a variant to a
specified type and stores that result into another variant. VarType () returns one of the varXXX
type codes for a specified variant. VarAsType () has the same functionality as VarCast().
VarIsEmpty () returns True if the type code on a specified variant is varEmpty. VarIsNull()
indicates whether a variant contains a Null value. VarToStr() converts a variant to its string
representation (an empty string in the case of a Null or empty variant). VarFromDateTime ()
returns a variant that contains a given TDateTime value. Finally, varToDateTime () returns the
TDateTime value contained in a variant.

OleVariant

The 0levariant type is nearly identical to the variant type described throughout this section
of this chapter. The only difference between 0Olevariant and Variant is that Olevariant only
supports Automation-compatible types. Currently, the only VType supported that’s not
Automation-compatible is varString, the code for AnsiString. When an attempt is made to
assign an AnsiString to an OleVariant, the AnsiString will be automatically converted to an
OLE BSTR and stored in the variant as a var0leStr.
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Currency

Delphi 2.0 introduced a new type called Currency, which is ideal for financial calculations.
Unlike floating-point numbers, which allow the decimal point to “float” within a number,
Currency is a fixed-point decimal type that’s hard-coded to a precision of 15 digits before the
decimal and four digits after the decimal. As such, it’s not susceptible to round-off errors as are
floating-point types. When porting your Delphi 1.0 projects, it’s a good idea to use this type in
place of Single, Real, Double, and Extended where money is involved.

User-Defined Types

Integers, strings, and floating-point numbers often are not enough to adequately represent vari-
ables in the real-world problems that programmers must try to solve. In cases like these, you
must create your own types to better represent variables in the current problem. In Pascal, these
user-defined types usually come in the form of records or objects; you declare these types
using the Type keyword.

Arrays

Object Pascal enables you to create arrays of any type of variable (except files). For example, a
variable declared as an array of eight integers reads like this:

var
A: Array[0..7] of Integer;

This statement is equivalent to the following C declaration:
int A[8];

It’s also equivalent to this Visual Basic statement:

Dim A(8) as Integer

Object Pascal arrays have a special property that differentiate them from other languages: They
don’t have to begin at a certain number. You can therefore declare a three-element array that
starts at 28, as in the following example:

var
A: Array[28..30] of Integer;

Because Object Pascal arrays aren’t guaranteed to begin at 0 or 1, you must use some care
when iterating over array elements in a for loop. The compiler provides built-in functions
called High() and Low(), which return the lower and upper bounds of an array variable or
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Tip

type, respectively. Your code will be less error prone and easier to maintain if you use these
functions to control your for loop, as shown here:

var
A: array[28..30] of Integer;
i: Integer;
begin
for i := Low(A) to High(A) do // don't hard-code for loop!
A[i] := 1i;
end;

Always begin character arrays at 0. Zero-based character arrays can be passed to func-
tions that require PChar-type variables. This is a special-case allowance that the com-
piler provides.

To specify multiple dimensions, use a comma-delimited list of bounds:
var
// Two-dimensional array of Integer:
A: array[1..2, 1..2] of Integer;
To access a multidimensional array, use commas to separate each dimension within one set of
brackets:

I:=A[1, 2];

Dynamic Arrays

Dynamic arrays are dynamically allocated arrays in which the dimensions are not known at
compile time. To declare a dynamic array, just declare an array without including the dimen-
sions, like this:

var

// dynamic array of string:
SA: array of string;

NoTE

Before you can use a dynamic array, you must use the SetLength () procedure to allocate
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memory for the array:

begin
// allocate room for 33 elements:
SetLength(SA, 33);

Once memory has been allocated, you can access the elements of the dynamic array just like a
normal array:

SA[Q] := 'Pooh likes hunny';

OtherString := SA[0];

Dynamic arrays are always zero-based.

Dynamic arrays are lifetime managed, so there’s no need to free them when you’re through
using them because they’ll be released when they leave scope. However, there may come a
time when you wish remove the dynamic array from memory before it leaves scope (if it uses a
lot of memory, for example) To do this, you need only assign the dynamic array to nil:

SA := nil; // releases SA

Dynamic arrays are manipulated using reference semantics similar to AnsiString types rather
than value semantics like a normal array. A quick test: What is the value of A1[0] at the end of
the following code fragment?

var
A1, A2: array of Integer;
begin
SetLength(A1, 4);
A2 = Al;
Al[0] := 1;
A2[0] := 26;
The correct answer is 26. The reason is because the assignment A2 := A1 does not create a

new array but instead provides A2 with a reference to the same array as A1. Therefore, any
modifications to A2 will also affect A1. If you wish instead to make a complete copy of A1 in
A2, use the Copy () standard procedure:

A2 := Copy(A1);

After this line of code is executes, A2 and A1 will be two separate arrays initially containing the
same data. Changes to one will not affect the other. You can optionally specify the starting ele-
ment and number of elements to be copied as parameters to Copy (), as shown here:

// copy 2 elements, starting at element one:
A2 := Copy(Al, 1, 2);
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Dynamic arrays can also be multidimensional. To specify multiple dimensions, add an addi-
tional array of to the declaration for each dimension:

var
// two-dimensional dynamic array of Integer:
IA: array of array of Integer;

To allocate memory for a multidimensional dynamic array, pass the sizes of the other dimen-
sions as additional parameters to SetLength():

begin
// IA will be a 5 x 5 array of Integer
SetLength(IA, 5, 5);

You access multidimensional dynamic arrays the same way you do normal multidimensional
arrays; each element is separated by a comma with a single set of brackets:

IA[0,3] := 28;

Records

A user-defined structure is referred to as a record in Object Pascal, and it’s the equivalent of
C’s struct or Visual Basic’s Type. As an example, here’s a record definition in Pascal as well
as equivalent definitions in C and Visual Basic:

{ Pascal }
Type
MyRec = record
i: Integer;
d: Double;
end;

/* C */

typedef struct {
int i;
double d;

} MyRec;

'Visual Basic
Type MyRec
i As Integer
d As Double
End Type

When working with a record, you use the dot symbol to access its fields. Here’s an example:

var

N: MyRec;
begin

N.i := 23;

N.d :

3.4;
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end;

Object Pascal also supports variant records, which allow different pieces of data to overlay the
same portion of memory in the record. Not to be confused with the variant data type, variant
records allow each overlapping data field to be accessed independently. If your background is

75

NoTE

C/C++, you’ll recognize a variant record as being the same concept as a union within C
struct. The following code shows a variant record in which a Double, Integer, and char all

occupy the same memory space:

type
TVariantRecord = record
NullStrField: PChar;
IntField: Integer;
case Integer of
0: (D: Double);
1: (I: Integer);
2: (C: char);
end;

The rules of Object Pascal state that the variant portion of a record cannot be of any
lifetime-managed type.

Here’s the C++ equivalent of the preceding type declaration:

struct TUnionStruct

{
char * StrField;

int IntField;

union

{
double D;
int i
char c;

b

b

Sets

Sets are a uniquely Pascal type that have no equivalent in Visual Basic, C, or C++ (although
Borland C++Builder does implement a template class called Set, which emulates the behavior
of a Pascal set). Sets provide a very efficient means of representing a collection of ordinal,
character, or enumerated values. You can declare a new set type using the keywords set of
followed by an ordinal type or subrange of possible set values. Here’s an example:
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type
TCharSet = set of char; // possible members: #0 - #255
TEnum = (Monday, Tuesday, Wednesday, Thursday, Friday);
TEnumSet = set of TEnum; // can contain any combination of TEnum members
TSubrangeSet = set of 1..10; // possible members: 1 - 10
TAlphaSet = set of 'A'..'z'; // possible members: 'A' - 'z'

Note that a set can only contain up to 256 elements. Additionally, only ordinal types may fol-
low the set of keywords. Therefore, the following declarations are illegal:
type

TIntSet = set of Integer; // Invalid: too many elements
TStrSet = set of string; // Invalid: not an ordinal type

Sets store their elements internally as individual bits. This makes them very efficient in terms
of speed and memory usage. Sets with fewer than 32 elements in the base type can be stored
and operated upon in CPU registers, for even greater efficiency. Sets with 32 or more elements
(such as a set of char—255 elements) are stored in memory. To get the maximum performance
benefit from sets, keep the number of elements in the set’s base type under 32.

Using Sets
Use square brackets when referencing set elements. The following code demonstrates how to
declare set-type variables and assign them values:

type

TCharSet = set of char; // possible members: #0@ - #255

TEnum = (Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday);

TEnumSet = set of TEnum; // can contain any combination of TEnum members
var

CharSet: TCharSet;

EnumSet: TEnumSet;

SubrangeSet: set of 1..10; // possible members: 1 - 10

AlphaSet: set of 'A'..'z'; // possible members: 'A' - 'z’
begin

CharSet := ['A'..'d', 'a', 'm'];

EnumSet := [Saturday, Sunday];

SubrangeSet := [1, 2, 4..6];

AlphaSet := []; // Empty; no elements
end;

Set Operators
Object Pascal provides several operators for use in manipulating sets. You can use these opera-
tors to determine set membership, union, difference, and intersection.

Membership
Use the in operator to determine whether a given element is contained in a particular set. For
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example, the following code would be used to determine whether the CharSet set mentioned
earlier contains the letter 'S":

if 'S' in CharSet then

Tip

77

// do something;

The following code determines whether EnumSet lacks the member Monday:

if not (Monday in EnumSet) then

// do something;

Union and Difference
Use the + and - operators or the Include() and Exclude() procedures to add and remove ele-
ments to and from a set variable:

Include(CharSet, 'a'); // add 'a' to set
CharSet := CharSet + ['b']; // add 'b' to set
Exclude(CharSet, 'x'); // remove 'z' from set

CharSet := CharSet - ['y', 'z']; // remove 'y' and 'z' from set

When possible, use Include() and Exclude() to add and remove a single element to
and from a set rather than the + and - operators. Both Include() and Exclude() con-
stitute only one machine instruction each, whereas the + and - operators require 13 +
6n (where n is the size in bits of the set) instructions.

Intersection
Use the * operator to calculate the intersection of two sets. The result of the expression Set1 *
Set2 is a set containing all the members that Set1 and Set2 have in common. For example, the
following code could be used as an efficient means for determining whether a given set con-
tains multiple elements:
if ['a', 'b', 'c'] * CharSet = ['a', 'b', 'c'] then

// do something

Objects

Think of objects as records that also contain functions and procedures. Delphi’s object model
is discussed in much greater detail later in the “Using Delphi Objects” section of this chapter,
so this section covers just the basic syntax of Object Pascal objects. An object is defined as fol-
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lows:

Type
TChildObject = class(TParentObject);
SomeVar: Integer;
procedure SomeProc;
end;

Although Delphi objects are not identical to C++ objects, this declaration is roughly equivalent
to the following C++ declaration:

class TChildObject : public TParentObject
{

int SomeVar;

NoOTE

void SomeProc();
b

Methods are defined in the same way as normal procedures and functions (which are discussed
in the section “Procedures and Functions”), with the addition of the object name and the dot
symbol operator:

procedure TChildObject.SomeProc;

begin
{ procedure code goes here }
end;

Object Pascal’s . symbol is similar in functionality to Visual Basic’s . operator and C++’s ::
operator. You should note that, although all three languages allow usage of classes, only Object
Pascal and C++ allow creation of new classes that behave in a fully object-oriented manner,
which we’ll describe in the section “Object-Oriented Programming.”

NoTE

Object Pascal objects are not laid out in memory the same as C++ objects, so it's not
possible to use C++ objects directly from Delphi (and vice versa). However, Chapter
13, “Hard-Core Techniques,” shows a technique for sharing objects between C++ and
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Delphi.

An exception to this is Borland C++Builder’s capability of creating classes that map
directly to Object Pascal classes using the proprietary _ declspec(delphiclass) direc-
tive. Such objects are likewise incompatible with regular C++ objects.

Pointers

A pointer is a variable that contains a memory location. You already saw an example of a
pointer in the PChar type earlier in this chapter. Pascal’s generic pointer type is called, aptly,
Pointer. A Pointer is sometimes called an untyped pointer because it contains only a memory
address, and the compiler doesn’t maintain any information on the data to which it points. That
notion, however, goes against the grain of Pascal’s typesafe nature, so pointers in your code

will usually be typed pointers.
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Pointers are a somewhat advanced topic, and you definitely don’t need to master
them to write a Delphi application. As you become more experienced, pointers will

become another valuable tool for your programmer’s toolbox.

Typed pointers are declared by using the ~ (or pointer) operator in the Type section of your
program. Typed pointers help the compiler keep track of exactly what kind of type a particular

NoTE

pointer points to, thus enabling the compiler to keep track of what you’re doing (and can do)
with a pointer variable. Here are some typical declarations for pointers:

Type
PInt = "“Integer; // PInt is now a pointer to an Integer
Foo = record // A record type
GobbledyGook: string;
Snarf: Real;
end;
PFoo = “Foo; /| PFoo is a pointer to a foo type
var
P: Pointer; // Untyped pointer

P2: PFoo; /1 Instance of PFoo
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C programmers will notice the similarity between Object Pascal’s » operator and C's *
operator. Pascal’s Pointer type corresponds to C's void * type.
Remember that a pointer variable only stores a memory address. Allocating space for whatever
the pointer points to is your job as a programmer. You can allocate space for a pointer by using
one of the memory-allocation routines discussed earlier and shown in Table 2.6.

When a pointer doesn’t point to anything (its value is zero), its value is said to be Nil,
and it is often called a nil or null pointer.

If you want to access the data that a particular pointer points to, follow the pointer variable
name with the ~ operator. This method is known as dereferencing the pointer. The following

code illustrates working with pointers:

Program PtrTest;

Type
MyRec = record
I: Integer;
S: string;
R: Real;
end;
PMyRec = “MyRec;
var
Rec : PMyRec;
begin
New(Rec) ; // allocate memory for Rec
Rec”.I := 10; // Put stuff in Rec. Note the dereference
Rec”.S := 'And now for something completely different.';
Rec”.R := 6.384;

{ Rec is now full }

Dispose(Rec); // Don't forget to free memory!
end.

When to Use New()

Use the New() function to allocate memory for a pointer to a structure of a known
size. Because the compiler knows how big a particular structure is, a call to New() will
cause the correct number of bytes to be allocated, thus making it safer and more
convenient to use than GetMem() or AllocMem(). Never allocate Pointer or PChar vari-
ables by using the New() function because the compiler cannot guess how many bytes
you need for this allocation. Remember to use Dispose() to free any memory you
allocate using the New() function.

You'll typically use GetMem() or AllocMem() to allocate memory for structures for
which the compiler cannot know the size. The compiler cannot tell ahead of time how
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much memory you want to allocate for PChar or Pointer types, for example, because
of their variable-length nature. Be careful not to try to manipulate more data than
you have allocated with these functions, however, because this is one of the classic
causes of an Access Violation error. You should use FreeMem() to clean up any memory
you allocate with GetMem() or AllocMem(). AllocMem(), by the way, is a bit safer than
GetMem() because AllocMem() always initializes the memory it allocates to zero.

One aspect of Object Pascal that may give C programmers some headaches is the strict type
checking performed on pointer types. For example, the variables a and b in the following
example are not type compatible:

var
a: "“Integer;
b: “Integer;

By contrast, the variables a and b in the equivalent declaration in C are type compatible:

int *a;
int *b

Object Pascal creates a unique type for each pointer-to-type declaration, so you must create a
named type if you want to assign values from a to b, as shown here:

type

PtrInteger = “Integer; // create named type
var

a, b: PtrInteger; // now a and b are compatible
Type Aliases

Object Pascal has the ability to create new names, or aliases, for types that are already defined.
For example, if you want to create a new name for an Integer called MyReallyNiftyInteger,
you could do so using the following code:
type

MyReallyNiftyInteger = Integer;
The newly defined type alias is compatible in all ways with type for which it’s an alias.
Meaning, in this case, that you could use MyReallyNiftyInteger anywhere where you could
use Integer.

It’s possible, however, to define strongly typed aliases that are considered new, unique types by
the compiler. To do this, use the type reserved word in the following manner:

type
MyOtherNeatInteger = type Integer;

Using this syntax, the MyOtherNeatInteger type will be converted to an Integer when neces-
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sary for purposes of assignment, but MyOtherNeatInteger will not be compatible with Integer
when used in var and out parameters. Therefore, the following code is syntactically correct:

var
MONI: MyOtherNeatInteger;
I: Integer;
begin
I :=1;
MONI := I;

On the other hand, the following code will not compile:

procedure Goon(var Value: Integer);
begin

// some code
end;

var
M: MyOtherNeatInteger;
begin
M := 29;
Goon(M); // Error: M is not var compatible with Integer

In addition to these compiler-enforced type compatibility issues, the compiler also generates
runtime type information for strongly typed aliases. This enables you to create unique property
editors for simple types, as you’ll learn in Chapter 22, “Advanced Component Techniques.”

Typecasting and Type Conversion

Typecasting is a technique by which you can force the compiler to view a variable of one type
as another type. Because of Pascal’s strongly typed nature, you’ll find that the compiler is very
picky about types matching up in the formal and actual parameters of a function call. Hence,

NoOTE

you occasionally will be required to cast a variable of one type to a variable of another type to
make the compiler happy. Suppose, for example, you need to assign the value of a character to
a byte variable:

var
c: char;
b: byte;

begin
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c = 's';
b := c; // compiler complains on this line
end.

In the following syntax, a typecast is required to convert ¢ into a byte. In effect, a typecast
tells the compiler that you really know what you’re doing and want to convert one type to
another:

var
c: char;
b: byte;
begin
c :='s';
b := byte(c); // compiler happy as a clam on this line
end.

You can typecast a variable of one type to another type only if the data size of the
two variables is the same. For example, you cannot typecast a Double as an Integer.
To convert a floating-point type to an integer, use the Trunc() or Round() functions.
To convert an integer into a floating-point value, use the assignment operator:
FloatVar := IntVar.

Object Pascal also supports a special variety of typecasting between objects using the as opera-
tor, which is described later in the “Runtime Type Information” section of this chapter.

String Resources

Delphi 3 introduced the ability to place string resources directly into Object Pascal source code
using the resourcestring clause. String resources are literal strings (usually those displayed
to the user) that are physically located in a resource attached to the application or library rather
than embedded in the source code. Your source code references the string resources in place of
string literals. By separating strings from source code, your application can be more easily
translated by added string resources in a different language. String resources are declared in the
form of identifier = string literal in the resourcestring clause, as shown here:

resourcestring
ResString1 = 'Resource string 1';
ResString2 = 'Resource string 2';
ResString3 = 'Resource string 3';

Syntactically, resource strings can be used in your source code in a manner identical to string
constants:
resourcestring

ResString1 = 'hello’;
ResString2 = 'world';
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var
Stringi1: string;

begin
String1 := ResString1 + ' ' + ResString2;

NoOTE

end;

Testing Conditions

This section compares if and case constructs in Pascal to similar constructs in C and Visual
Basic. We assume you’ve used these types of programmatic constructs before, so we don’t
spend time explaining them to you.

The if Statement

An if statement enables you to determine whether certain conditions are met before executing
a particular block of code. As an example, here’s an if statement in Pascal, followed by equiv-
alent definitions in C and Visual Basic:

{ Pascal }
if x = 4 then y := x;
/* C */
if (x == 4) y = Xx;
'Visual Basic
If x = 4 Theny = x
If you have an if statement that makes multiple comparisons, make sure you enclose
each set of comparisons in parentheses for code clarity. Do this:
if (x = 7) and (y = 8) then
However, don't do this (it causes the compiler displeasure):
if x = 7 and y = 8 then
Use the begin and end keywords in Pascal almost as you would use { and } in C and C++. For

example, use the following construct if you want to execute multiple lines of text when a given
condition is true:
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if x = 6 then begin
DoSomething;
DoSomethingElse;
DoAnotherThing;
end;
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You can combine multiple conditions using the if..else construct:

if x =100 then

SomeFunction

else if x = 200 then
SomeOtherFunction

else begin
SomethingElse;
Entirely;

end;

Using case Statements

The case statement in Pascal works in much the same way as a switch statement in C and
C++. A case statement provides a means for choosing one condition among many possibilities

without a huge if..else if..else if construct. Here’s an example of Pascal’s case statement:

case SomelIntegerVariable of
101 : DoSomething;
202 : begin
DoSomething;
DoSomethingElse;
end;
303 : DoAnotherThing;
else DoTheDefault;
end;

The selector type of a case statement must be an ordinal type. It's illegal to use
nonordinal types, such as strings, as case selectors.

Here’s the C switch statement equivalent to the preceding example:

switch (SomeIntegerVariable)

{

case 101: DoSomeThing; break;
case 202: DoSomething;
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DoSomethingElse; break
case 303: DoAnotherThing; break;
default: DoTheDefault;

}

Loops

A loop is a construct that enables you to repeatedly perform some type of action. Pascal’s loop
constructs are very similar to what you should be familiar with from your experience with
other languages, so this chapter doesn’t spend any time teaching you about loops. This section
describes the various loop constructs you can use in Pascal.

CAUTION

The for Loop

A for loop is ideal when you need to repeat an action a predetermined number of times.

Here’s an example, albeit not a very useful one, of a for loop that adds the loop index to a
variable 10 times:

var
I, X: Integer;
begin
X 1= 0;
for I :=1 to 10 do
inc(X, I);
end.

The C equivalent of the preceding example is as follows:

void main(void) {
int x, 1i;
X = 0;
for(i=1; i<=10; i++)
X += 1;

}

Here’s the Visual Basic equivalent of the same concept:

X =
Fo to 10

1
+ I

N = o

r‘ =
X X
Next I
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A caveat to those familiar with Delphi 1: Assignments to the loop control variable are
no longer allowed due to the way the loop is optimized and managed by the 32-bit
compiler.

The while Loop

Use a while loop construct when you want some part of your code to repeat itself while some
condition is true. A while loop’s conditions are tested before the loop is executed, and a classic
example for the use of a while loop is to repeatedly perform some action on a file as long as
the end of the file is not encountered. Here’s an example that demonstrates a loop that reads
one line at a time from a file and writes it to the screen:

Program Filelt;
{$APPTYPE CONSOLE}

var
f: TextFile; // a text file
s: string;
begin
AssignFile(f, 'foo.txt');
Reset (f);
while not EOF(f) do begin
readln(f, S);
writeln(S);
end;
CloseFile(f);
end.

Pascal’s while loop works basically the same as C’s while loop or Visual Basic’s Do While loop.

repeat..until

The repeat..until loop addresses the same type of problem as a while loop but from a dif-
ferent angle. It repeats a given block of code until a certain condition becomes True. Unlike a
while loop, the loop code is always executed at least once because the condition is tested at the
end of the loop. Pascal’s repeat..until is roughly equivalent to C’s do. .while loop.

For example, the following code snippet repeats a statement that increments a counter until the
value of the counter becomes greater than 100:

var
x: Integer;
begin
X 1=1;
repeat
inc(x);
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until x > 100;
end.

The Break() Procedure

Calling Break () from inside a while, for, or repeat loop causes the flow of your program to
skip immediately to the end of the currently executing loop. This method is useful when you
need to leave the loop immediately because of some circumstance that may arise within the
loop. Pascal’s Break () procedure is analogous to C’s Break and Visual Basic’s Exit statement.
The following loop uses Break () to terminate the loop after five iterations:

var
i: Integer;
begin
for i := 1 to 1000000 do
begin
MessageBeep(0); // make the computer beep
if i = 5 then Break;
end;
end;

The Continue() Procedure

Call continue() inside a loop when you want to skip over a portion of code and the flow of
control to continue with the next iteration of the loop. Note in the following example that the
code after Continue () is not executed in the first iteration of the loop:

var
i: Integer;
begin
for i := 1 to 3 do
begin
writeln(i, '. Before continue');
if i = 1 then Continue;
writeln(i, '. After continue');
end;
end;

Procedures and Functions

As a programmer, you should already be familiar with the basics of procedures and functions.
A procedure is a discrete program part that performs some particular task when it’s called and
then returns to the calling part of your code. A function works the same except that a function
returns a value after its exit to the calling part of the program.

If you’re familiar with C or C++, consider that a Pascal procedure is equivalent to a C or C++
function that returns void, whereas a function corresponds to a C or C++ function that has a
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return value.

Listing 2.1 demonstrates a short Pascal program with a procedure and a function.

LisTING 2.1 An Example of Functions and Procedures

Program FuncProc;

{$APPTYPECONSOLE}

NoOTE

procedure BiggerThanTen(i: Integer);
{ writes something to the screen if I is greater than 10 }
begin
if I > 10 then
writeln('Funky."');
end;

function IsPositive(I: Integer): Boolean;
{ Returns True if I is @ or positive, False if I is negative }
begin
if I < @ then
Result := False

else
Result := True;

end;
var

Num: Integer;
begin

Num := 23;

BiggerThanTen (Num) ;

if IsPositive(Num) then
writeln(Num, 'Is positive.')
else
writeln(Num, 'Is negative.');
end.

The local variable Result in the IsPositive() function deserves special attention.
Every Object Pascal function has an implicit local variable called Result that contains
the return value of the function. Note that unlike C and C++, the function doesn’t
terminate as soon as a value is assigned to Result.

You also can return a value from a function by assigning the name of a function to a
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value inside the function’s code. This is standard Pascal syntax and a holdover from
previous versions of Borland Pascal. If you choose to use the function name within
the body, be careful to note that there is a huge difference between using the func-
tion name on the left side of an assignment operator and using it somewhere else in
your code. If you use it on the left, you are assigning the function return value. If you
use it somewhere else in your code, you are calling the function recursively!

Note that the implicit Result variable is not allowed when the compiler’s Extended
Syntax option is disabled in the Project, Options, Compiler dialog box or when you're
using the {$X-} directive.

Passing Parameters

Pascal enables you to pass parameters by value or by reference to functions and procedures.
The parameters you pass can be of any base or user-defined type or an open array (open arrays
are discussed later in this chapter). Parameters also can be constant if their values will not
change in the procedure or function.

Value Parameters

Value parameters are the default mode of parameter passing. When a parameter is passed by
value, it means that a local copy of that variable is created, and the function or procedure oper-
ates on the copy. Consider the following example:

procedure Foo(s: string);

When you call a procedure in this way, a copy of string s will be made, and Foo () will operate
on the local copy of s. This means that you can choose the value of s without having any effect
on the variable passed into Foo ().

Reference Parameters

Pascal enables you to pass variables to functions and procedures by reference; parameters
passed by reference are also called variable parameters. Passing by reference means that the
function or procedure receiving the variable can modify the value of that variable. To pass a
variable by reference, use the keyword var in the procedure’s or function’s parameter list:

procedure ChangeMe(var x: longint);
begin

x :=2; { x is now changed in the calling procedure }
end;

Instead of making a copy of x, the var keyword causes the address of the parameter to be
copied so that its value can be directly modified.

Using var parameters is equivalent to passing variables by reference in C++ using the & opera-
tor. Like C++’s & operator, the var keyword causes the address of the variable to be passed to
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the function or procedure rather than the value of the variable.

Constant Parameters

If you don’t want the value of a parameter passed into a function to change, you can declare it
with the const keyword. The const keyword not only prevents you from modifying the value
of the parameters but it also generates more optimal code for strings and records passed into
the procedure or function. Here’s an example of a procedure declaration that receives a con-
stant string parameter:

procedure Goon(const s: string);

Open Array Parameters

Open array parameters provide you with the capability for passing a variable number of argu-
ments to functions and procedures. You can either pass open arrays of some homogenous type
or constant arrays of differing types. The following code declares a function that accepts an
open array of integers:

function AddEmUp(A: array of Integer): Integer;

You may pass variables, constants, or constant expressions to open array functions and proce-
dures. The following code demonstrates this by calling AddEmUp () and passing a variety of dif-
ferent elements:

var

i, Rez: Integer;
const

j = 28;
begin

i = 8;

Rez := AddEmUp([i, 50, j, 89]);

In order to work with an open array inside the function or procedure, you can use the High (),
Low(), and SizeOf () functions in order to obtain information about the array. To illustrate this,
the following code shows an implementation of the AddEmUp () function that returns the sum of
all the numbers passed in A:

function AddEmUp(A: array of Integer): Integer;
var

i: Integer;
begin

Result := 0;

for 1 := Low(A) to High(A) do

inc(Result, A[i]);

end;

Object Pascal also supports an array of const, which allows you to pass heterogeneous data
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types in an array to a function or procedure. The syntax for defining a function or procedure
that accepts an array of const is as follows:

procedure WhatHaveIGot(A: array of const);
You could call the preceding function with the following syntax:
WhatHaveIGot(['Tabasco', 90, 5.6, @WhatHaveIGot, 3.14159, True, 's']);

The compiler implicitly converts all parameters to type TVarRec when they are passed to the
function or procedure accepting the array of const. TVarRec is defined in the System unit as
follows:

type

PvarRec = "~TVarRec;

TVarRec = record
case Byte of

vtInteger: (VInteger: Integer; VType: Byte);
vtBoolean: (VBoolean: Boolean);

vtChar: (VChar: Char);

vtExtended: (VExtended: PExtended);

vtString: (VString: PShortString);
vtPointer: (VPointer: Pointer);

vtPChar: (VPChar: PChar);

vtObject: (VObject: TObject);

vtClass: (VClass: TClass);

vtWideChar: (VWideChar: WideChar);
vtPWideChar: (VPWideChar: PWideChar);
vtAnsiString: (VAnsiString: Pointer);
vtCurrency: (VCurrency: PCurrency);
vtVariant: (VVariant: PVariant);
vtInterface: (VInterface: Pointer);
vtWideString: (VWideString: Pointer);
vtInt64: (VInt64: PInt64);

end;

The VType field indicates what type of data the TvarRec contains. This field can have any one
of the following values:

const
{ TvarRec.VType values }
vtInteger =
vtBoolean =
vtChar =
vtExtended
vtString
vtPointer
vtPChar =
vtObject
vtClass
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vtWideChar = 9;
vtPWideChar = 10;
vtAnsiString = 11;

vtCurrency = 12;
vtVariant = 13;
vtInterface = 14;
vtWideString = 15;
vtInt64 = 16;

CHAPTER 2

As you might guess, because array of const in the code allows you to pass parameters

regardless of their type, they can be difficult to work with on the receiving end. As an example
of how to work with array of const, the following implementation for WhatHaveIGot () iter-
ates through the array and shows a message to the user indicating what type of data was passed

in which index:

procedure WhatHaveIGot(A: array of const);

var
i: Integer;
TypeStr: string;
begin
for i := Low(A) to High(A) do
begin
case A[i].VType of
vtInteger : TypeStr :
vtBoolean : TypeStr :
vtChar : TypeStr :
vtExtended : TypeStr :
vtString : TypeStr :
vtPointer : TypeStr :
vtPChar : TypeStr :
vtObject : TypeStr :
vtClass : TypeStr :
vtWideChar : TypeStr :

vtPWideChar : TypeStr :
vtAnsiString : TypeStr :
vtCurrency : TypeStr :
vtVariant : TypeStr :
vtInterface : TypeStr :
vtWideString : TypeStr :
vtInt64 : TypeStr :

end;

ShowMessage (Format ('Array item %d is a %s',

end;
end;

Scope

"Integer';
'Boolean';
'Char';
'"Extended’;
'String’';
'"Pointer';
'PChar';
'Object’';
'Class’;
'WideChar';
'"PWideChar';
'AnsiString';
‘Currency';
'Variant';
'Interface’;
'WideString';
'Int64';

[i, TypeStr]));

Scope refers to some part of your program in which a given function or variable is known to
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the compiler. A global constant is in scope at all points in your program, for example, whereas
a variable local to some procedure only has scope within that procedure. Consider Listing 2.2.

LisTING 2.2 An lllustration of Scope

program Foo;
{$APPTYPE CONSOLE}

const
SomeConstant = 100;

var
SomeGlobal: Integer;
R: Real;

procedure SomeProc(var R: Real);
var

LocalReal: Real;
begin

LocalReal := 10.0;

R := R - LocalReal;

end;

begin
SomeGlobal := SomeConstant;
R := 4.593;
SomeProc(R);

end.

SomeConstant, SomeGlobal, and R have global scope—their values are known to the compiler
at all points within the program. Procedure SomeProc () has two variables in which the scope is
local to that procedure: R and LocalReal. If you try to access LocalReal outside of

SomeProc (), the compiler displays an unknown identifier error. If you access R within
SomeProc (), you'll be referring to the local version, but if you access R outside that procedure,
you’ll be referring to the global version.

Units

Units are the individual source code modules that make up a Pascal program. A unit is a place
for you to group functions and procedures that can be called from your main program. To be a
unit, a source module must consist of at least three parts:

* A unit statement. Every unit must have as its first line a statement saying that it’s a unit
and identifying the unit name. The name of the unit always must match the filename. For
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example, if you have a file named FooBar, the statement would be
unit FooBar;

e The interface part. After the unit statement, a unit’s next functional line of code
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should be the interface statement. Everything following this statement, up to the
implementation statement, is information that can be shared with your program and
with other units. The interface part of a unit is where you declare the types, constants,
variables, procedures, and functions that you want to make available to your main pro-
gram and to other units. Only declarations—never procedure bodies—can appear in the
interface. The interface statement should be one word on one line:

interface

e The implementation part. This follows the interface part of the unit. Although the
implementation part of the unit contains primarily procedures and functions, it’s also
where you declare any types, constants, and variables that you do not want to make
available outside of this unit. The implementation part is where you define any func-
tions or procedures that you declared in the interface part. The implementation state-
ment should be one word on one line:

implementation

Optionally, a unit can also include two other parts:

* An initialization part. This portion of the unit, which is located near the end of the
file, contains any initialization code for the unit. This code will be executed before the
main program begins execution, and it executes only once.

* A finalization part. This portion of the unit, which is located in between the
initialization and end. of the unit, contains any cleanup code that executes when the
program terminates. The finalization section was introduced to the language in Delphi
2.0. In Delphi 1.0, unit finalization was accomplished by adding a new exit procedure
using the AddExitProc () function. If you’re porting an application from Delphi 1.0, you
should move your exit procedures into the finalization part of your units.

When several units have initialization/finalization code, execution of each sec-
tion proceeds in the order in which the units are encountered by the compiler (the
first unit in the program’s uses clause, then the first unit in that unit’s uses clause,
and so on). Also, it's a bad idea to write initialization and finalization code that relies
on such ordering because one small change to the uses clause can cause some diffi-
cult-to-find bugs!
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The uses Clause

The uses clause is where you list the units that you want to include in a particular program or
unit. For example, if you have a program called FooProg that uses functions and types in two
units, UnitA and UnitB, the proper uses declaration is as follows:

Program FooProg;

uses UnitA, UnitB;

Units can have two uses clauses: one in the interface section and one in the implementation
section.

Here’s code for a sample unit:

Unit FooBar;
interface
uses BarFoo;
{ public declarations here }
implementation
uses BarFly;
{ private declarations here }

initialization

{ unit initialization here }
finalization

{ unit clean-up here }
end.

Circular Unit References

Occasionally, you’ll have a situation where UnitA uses UnitB and UnitB uses UnitA. This is
called a circular unit reference. The occurrence of a circular unit reference is often an indica-
tion of a design flaw in your application; you should avoid structuring your program with a cir-
cular reference. The optimal solution is often to move a piece of data that both UnitA and
UnitB need to use out to a third unit. However, as with most things, sometimes you just can’t
avoid the circular unit reference. In such a case, move one of the uses clauses to the imple-
mentation part of your unit and leave the other one in the interface part. This usually solves
the problem.
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Packages

Delphi packages enable you to place portions of your application into separate modules, which
can be shared across multiple applications. If you already have an existing investment in
Delphi 1 or 2 code, you’ll appreciate that you can take advantage of packages without any
changes to your existing source code.

Think of a package as a collection of units stored in a separate DLL-like module (a Borland
Package Library, or BPL file). Your application can then link with these “packaged” units at
runtime rather than compile/link time. Because the code for these units resides in the BPL file
rather than in your EXE or DLL, the size of your EXE or DLL can become very small. Four
types of packages are available for you to create and use:

* Runtime package. This type of package contains units required at runtime by your appli-
cation. When compiled to depend on a particular runtime package, your application will
not run in the absence of that package. Delphi’s VCL50.BPL is an example of this type of
package.

» Design package. This type of package contains elements necessary for application design
such as components, property and component editors, and experts. It can be installed into
Delphi’s component library using the Component, Install Package menu item. Delphi’s
DCL*.BPL packages are examples of this type of package. This type of package is
described in more detail in Chapter 21, “Writing Delphi Custom Components.”

* Runtime and design package. This package serves both of the purposes listed in the first
two items. Creating this type of package makes application development and distribution
a bit simpler, but this type of package is less efficient because it must carry the baggage
of design support even in your distributed applications.

* Neither runtime nor design package. This rare breed of package is intended to be used
only by other packages and is not intended to be referenced directly by an application or
used in the design environment.

Using Delphi Packages

Package-enabling your Delphi applications is easy. Simply check the Build with Runtime
Packages check box in the Project, Options, Packages dialog box. The next time you build
your application after selecting this option, your application will be linked dynamically to run-
time packages rather than having units linked statically into your EXE or DLL. The result will
be a much more svelte application (although bear in mind that you’ll have to deploy the neces-
sary packages with your application).

Package Syntax
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Packages are most commonly created using the Package Editor, which you invoke by choosing
the File, New, Package menu item. This editor generates a Delphi Package Source (DPK) file,
which will be compiled into a package. The syntax for this DPK file is quite simple, and it
uses the following format:

package PackageName
requires Packagel, Package2, ...;

contains
Uniti1 in 'Unitt1.pas’,
Unit2, in 'Unit2.pas’,

end.

Packages listed in the requires clause are required in order for this package to load. Typically,
packages containing units used by units listed in the contains clause are listed here. Units
listed in the contains clause will be compiled into this package. Note that units listed here
must not also be listed in the contains clause of any of the packages listed in the requires
clause. Note also that any units used by units in the contains clause will be implicitly pulled
into this package (unless they’re contained in a required package).

Object-Oriented Programming

Volumes have been written on the subject of object-oriented programming (OOP). Often, OOP
seems more like a religion than a programming methodology, spawning arguments about its
merits (or lack thereof) passionate and spirited enough to make the Crusades look like a slight
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disagreement. We’re not orthodox OOPists, and we’re not going to get involved in the relative
merits of OOP; we just want to give you the lowdown on a fundamental principle on which
Delphi’s Object Pascal Language is based.

OOP is a programming paradigm that uses discrete objects—containing both data and code—
as application building blocks. Although the OOP paradigm doesn’t necessarily lend itself to
easier-to-write code, the result of using OOP traditionally has been easy-to-maintain code.
Having objects’ data and code together simplifies the process of hunting down bugs, fixing
them with minimal effect on other objects, and improving your program one part at a time.
[Traditionally, an OOP language contains implementations of at least three OOP concepts:

* Encapsulation. Deals with combining related data fields and hiding the implementation
details. The advantages of encapsulation include modularity and isolation of code from
other code.

* Inheritance. The capability to create new objects that maintain the properties and behav-
ior of ancestor objects. This concept enables you to create object hierarchies such as
VCL—first creating generic objects and then creating more specific descendants of those
objects that have more narrow functionality.

The advantage of inheritance is the sharing of common code. Figure 2.4 presents an
example of inheritance—how one root object, fruit, is the ancestor object of all fruits,
including the melon. The melon is ancestor of all melons, including the watermelon. You
get the picture.

FIGURE 2.4

An illustration of inheritance.

NoOTE

» Polymorphism. Literally, polymorphism means “many shapes.” Calls to methods of an
object variable will call code appropriate to whatever instance is actually in the variable.

A Note on Multiple Inheritance
Object Pascal does not support multiple inheritance of objects as C++ does. Multiple

inheritance is the concept of a given object being derived from two separate objects,
creating an object that contains all the code and data of the two parent objects.

To expand on the analogy presented in Figure 2.4, multiple inheritance enables you
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to create a candy apple object by creating a new object that inherits from the apple
class and some other class called “candy.” Although this functionality seems useful, it
often introduces more problems and inefficiencies into your code than it solves.
Object Pascal provides two approaches to solving this problem. The first solution is to
make one class contain the other class. You'll see this solution throughout Delphi’s
VCL. To build upon the candy apple analogy, you would make the candy object a
member of the apple object. The second solution is to use interfaces (you’ll learn
more about interfaces in the section “Interfaces”). Using interfaces, you could essen-
tially have one object that supports both a candy and an apple interface.

You should understand the following three terms before you continue to explore the concept of
objects:

e Field. Also called field definitions or instance variables, fields are data variables con-
tained within objects. A field in an object is just like a field in a Pascal record. In C++,
fields sometimes are referred to as data members.

e Method. The name for procedures and functions belonging to an object. Methods are
called member functions in C++.

* Property. An entity that acts as an accessor to the data and code contained within an
object. Properties insulate the end user from the implementation details of an object.

It's generally considered bad OOP style to access an object’s fields directly. This is
because the implementation details of the object may change. Instead, use accessor
properties, which allow a standard object interface without becoming embroiled in
the details of how the objects are implemented. Properties are explained in the
“Properties” section later in this chapter.

Object-Based Versus Object-Oriented Programming

In some tools, you manipulate entities (objects), but you cannot create your own objects.
ActiveX (formerly OCX) controls in Visual Basic are a good example of this. Although you
can use an ActiveX control in your applications, you cannot create one, and you cannot inherit
one ActiveX control from another in Visual Basic. Environments such as these often are called
object-based environments.

Delphi is a fully object-oriented environment. This means that you can create new objects in
Delphi either from scratch or based on existing components. This includes all Delphi objects,
be they visual, nonvisual, or even design-time forms.

Using Delphi Objects

As mentioned earlier, objects (also called classes) are entities that can contain both data and
code. Delphi objects also provide you with all the power of object-oriented programming in
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offering full support of inheritance, encapsulation, and polymorphism.

Declaration and Instantiation

Of course, before using an object, you must have declared an object using the class keyword.

NoTE

As described earlier in this chapter, objects are declared in the type section of a unit or
program:

type

TFooObject = class;

In addition to an object type, you usually also will have a variable of that class type, or
instance, declared in the var section:

var
FooObject: TFooObject;

You create an instance of an object in Object Pascal by calling one of its constructors. A con-
structor is responsible for creating an instance of your object and allocating any memory or
initializing any fields necessary so that the object is in a usable state upon exiting the construc-
tor. Object Pascal objects always have at least one constructor called Create ()—although it’s
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possible for an object to have more than one constructor. Depending on the type of object,
Create() can take different numbers of parameters. This chapter focuses on the simple case
where Create () takes no parameters.

Unlike C++, object constructors in Object Pascal are not called automatically, and it’s incum-
bent on the programmer to call the object constructor. The syntax for calling a constructor is
as follows:

FooObject := TFooObject.Create;

Notice that the syntax for a constructor call is a bit unique. You're referencing the Create ()
method of the object by the type rather than the instance, as you would with other methods.
This may seem odd at first, but it does make sense. FooObject, a variable, is undefined at the
time of the call, but the code for TFooObject, a type, is static in memory. A static call to its
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Create () method is therefore totally valid.
The act of calling a constructor to create an instance of an object is often called instantiation.

When an object instance is created using the constructor, the compiler will ensure
that every field in your object is initialized. You can safely assume that all numbers
will be initialized to 0, all pointers to Nil, and all strings will be empty.

Destruction

When you’re finished using an object, you should deallocate the instance by calling its Free ()
method. The Free () method first checks to ensure that the object instance is not Nil; then it
calls the object’s destructor method, Destroy (). The destructor, of course, does the opposite of
the constructor; it deallocates any allocated memory and performs any other housekeeping
required in order for the object to be properly removed from memory. The syntax is simple:

FooObject.Free;

Unlike the call to Create (), the object instance is used in the call to the Free () method.
Remember never to call Destroy () directly but instead to call the safer Free () method.

In C++, the destructor of an object declared statically is called automatically when
your object leaves scope, but you must call the destructor for any dynamically allo-
cated objects. The rule is the same in Object Pascal, except that all objects are implic-
itly dynamic in Object Pascal, so you must follow the rule of thumb that anything you
create, you must free. There are a couple of important exceptions to this rule, how-
ever. The first is when your object is owned by other objects (as described in Chapter
20, “Key Elements of the Visual Component Library”), it will be freed for you. The sec-
ond is reference counted objects (such as those descending from TInterfacedObject
or TComObject), which are destroyed when the last reference is released.

You might be asking yourself how all these methods got into your little object. You certainly
didn’t declare them yourself, right? Right. The methods just discussed actually come from the
Object Pascal’s base TObject object. In Object Pascal, all objects are always descendants of
TObject regardless of whether they’re declared as such. Therefore, the declaration

Type TFoo = Class;
is equivalent to the declaration

Type TFoo = Class(TObject);

Methods

Methods are procedures and functions belonging to a given object. Methods are those things
that give an object behavior rather than just data. Two important methods of the objects you
create are the constructor and the destructor methods, which we just covered. You can also cre-
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ate custom methods in your objects to perform a variety of tasks.

Creating a method is a two-step process. You first must declare the method in the object type
declaration, and then you must define the method in the code. The following code demon-
strates the process of declaring and defining a method:
type

TBoogieNights = class

Dance: Boolean;
procedure DoTheHustle;

end;
procedure TBoogieNights.DoTheHustle;
begin

Dance := True;
end;

Note that when defining the method body, you have to use the fully qualified name, as you did
when defining the DoTheHustle method. It’s important also to note that the object’s Dance field
can be accessed directly from within the method.

Method Types

Object methods can be declared as static, virtual, dynamic, or message. Consider the fol-
lowing example object:

TFoo = class

procedure IAmAStatic;

procedure IAmAVirtual; virtual;

procedure IAmADynamic; dynamic;

procedure IAmAMessage(var M: TMessage); message wm_SomeMessage;
end;

Static Methods

IAmAStatic is a static method. The static method is the default method type, and it works sim-
ilarly to a regular procedure or function call. The compiler knows the address of these meth-
ods, and so, when you call a static method, it’s able to link that information into the executable
statically. Static methods execute the fastest; however, they do not have the ability to be over-
ridden to provide polymorphism.

Virtual Methods

IAmAVirtual is a virtual method. Virfual methods are called in the same way as static methods,
but because virtual methods can be overridden, the compiler does not know the address of a
particular virtual function when you call it in your code. The compiler, therefore, builds a
Virtual Method Table (VMT) that provides a means to look up function addresses at runtime.
All virtual method calls are dispatched at runtime through the VMT. An object’s VMT contains
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all its ancestor’s virtual methods as well as the ones it declares; therefore, virtual methods use
more memory than dynamic methods, although they execute faster.

Dynamic Methods

IAmADynamic is a dynamic method. Dynamic methods are basically virtual methods with a dif-
ferent dispatching system. The compiler assigns a unique number to each dynamic method and
uses those numbers, along with method addresses, to build a Dynamic Method Table (DMT).
Unlike the VMT, an object’s DMT contains only the dynamic methods that it declares, and that
method relies on its ancestor’s DMTs for the rest of its dynamic methods. Because of this,
dynamic methods are less memory intensive than virtual methods, but they take longer to call
because you may have to propagate through several ancestor DMTs before finding the address
of a particular dynamic method.

Message Methods

IAmAMessage is a message-handling method. The value after the message keyword dictates
what message the method will respond to. Message methods are used to create an automatic
response to Windows messages, and you generally don’t call them directly. Message handling
is discussed in detail in Chapter 5, “Understanding Messages.”

Overriding Methods
Overriding a method is Object Pascal’s implementation of the OOP concept of polymorphism.
It enables you to change the behavior of a method from descendant to descendant. Object
Pascal methods can be overridden only if they’re first declared as virtual or dynamic. To
override a method, just use the override directive instead of virtual or dynamic in your
descendant object type. For example, you could override the IAmAVirtual and IAmADynamic
methods as shown here:
TFooChild = class(TFoo)

procedure IAmAVirtual; override;

procedure IAmADynamic; override;

procedure IAmAMessage(var M: TMessage); message wm_SomeMessage;
end;

The override directive replaces the original method’s entry in the VMT with the new method.
If you had re-declared IAmAVirtual and IAmADynamic with the virtual or dynamic keyword
instead of override, you would have created new methods rather than overriding the ancestor
methods. Also, if you attempt to override a static method in a descendant type, the static
method in the new object completely replaces the method in the ancestor type.

Method Overloading
Like regular procedures and functions, methods can be overloaded so that a class can contain
multiple methods of the same name with differing parameter lists. Overloaded methods must
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be marked with the overload directive, although the use of the directive on the first instance of
a method name in a class hierarchy is optional. The following code example shows a class con-
taining three overloaded methods:
type
TSomeClass = class
procedure AMethod(I: Integer); overload;
procedure AMethod(S: string); overload;
procedure AMethod(D: Double); overload;
end;

Reintroducing Method Names
Occasionally, you may want to add a method to one of your classes to replace a method of the
same name in an ancestor of your class. In this case, you don’t want to override the ancestor
method but instead obscure and completely supplant the base class method. If you simply add
the method and compile, you’ll see that the compiler will produce a warning explaining that
the new method hides a method of the same name in a base class. To suppress this error, use
the reintroduce directive on the method in the ancestor class. The following code example
demonstrates proper use of the reintroduce directive:
type

TSomeBase = class

procedure Cooper;
end;

TSomeClass = class
procedure Cooper; reintroduce;
end;

Self

An implicit variable called Self is available within all object methods. Self is a pointer to the
class instance that was used to call the method. Self is passed by the compiler as a hidden
parameter to all methods.

Properties

It may help to think of properties as special accessor fields that enable you to modify data and
execute code contained within your class. For components, properties are those things that
show up in the Object Inspector window when published. The following example illustrates a
simplified Object with a property:

TMyObject = class

private

SomeValue: Integer;
procedure SetSomeValue(AValue: Integer);
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public

property Value: Integer read SomeValue write SetSomeValue;
end;
procedure TMyObject.SetSomeValue(AValue: Integer);
begin

if SomeValue <> AValue then

SomeValue := AValue;

end;

TMyObject is an object that contains the following: one field (an integer called Somevalue), one
method (a procedure called SetSomevalue), and one property called Value. The sole purpose
of the SetSomeValue procedure is to set the value of the Somevalue field. The value property
doesn’t actually contain any data. Value is an accessor for the SomeVvalue field; when you ask
Value what number it contains, it reads the value from SomeValue. When you attempt to set the
value of the Value property, Value calls SetSomeValue to modify the value of Somevalue. This
is useful for two reasons: First, it allows you to present the users of the class with a simple
variable without making them worry about the class’s implementation details. Second, you can
allow the users to override accessor methods in descendant classes for polymorphic behavior.

Visibility Specifiers
Object Pascal offers you further control over the behavior of your objects by enabling you to

declare fields and methods with directives such as protected, private, public, published,
and automated. The syntax for using these keywords is as follows:

TSomeObject = class
private
APrivateVariable: Integer;
AnotherPrivateVariable: Boolean;
protected
procedure AProtectedProcedure;
function ProtectMe: Byte;
public
constructor APublicContructor;
destructor APublicKiller;
published
property AProperty read APrivateVariable write APrivateVariable;
end;

You can place as many fields or methods as you want under each directive. Style dictates that
you should indent the specifier the same as you indent the class name. The meanings of these
directives follow:

e private. These parts of your object are accessible only to code in the same unit as your
object’s implementation. Use this directive to hide implementation details of your objects
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from users and to prevent users from directly modifying sensitive members of your
object.

* protected. Your object’s protected members can be accessed by descendants of your
object. This capability enables you to hide the implementation details of your object
from users while still providing maximum flexibility to descendants of your object.

e public. These fields and methods are accessible anywhere in your program. Object con-
structors and destructors always should be public.

* published. Runtime Type Information (RTTI) to be generated for the published portion
of your objects enables other parts of your application to get information on your
object’s published parts. The Object Inspector uses RTTI to build its list of properties.

* automated. The automated specifier is obsolete but remains for compatibility with
Delphi 2. Chapter 23, “COM and ActiveX,” has more details on this.

Here, then, is code for the TMyObject class that was introduced earlier, with directives added to
improve the integrity of the object:

TMyObject = class
private
SomeValue: Integer;
procedure SetSomeValue(AValue: Integer);
published
property Value: Integer read SomeValue write SetSomeValue;
end;

procedure TMyObject.SetSomeValue(AValue: Integer);
begin
if SomeValue <> AValue then
SomeValue := AValue;
end;

Now, users of your object will not be able to modify the value of Somevalue directly, and they
will have to go through the interface provided by the property Value to modify the object’s
data.

"Friend” Classes

The C++ language has a concept of friend classes (that is, classes that are allowed access to the
private data and functions in other classes). This is accomplished in C++ using the friend key-
word. Although, strictly speaking, Object Pascal doesn’t have a similar keyword, it does allow
for similar functionality. All objects declared within the same unit are considered “friends” and
are allowed access to the private information located in other objects in that unit.

Inside Objects
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All class instances in Object Pascal are actually stored as 32-bit pointers to class instance data
located in heap memory. When you access fields, methods, or properties within a class, the
compiler automatically performs a little bit of hocus-pocus that generates the code to derefer-
ence that pointer for you. Therefore, to the untrained eye, a class appears as a static variable.
What this means, however, is that unlike C++, Object Pascal offers no reasonable way to allo-
cate a class from an application’s data segment other than from the heap.

TObject: The Mother of All Objects

Because everything descends from TObject, every class has some methods that it inherits from
TObject, and you can make some special assumptions about the capabilities of an object.
Every class has the ability, for example, to tell you its name, its type, or even whether it’s
inherited from a particular class. The beauty of this is that you, as an applications programmer,
don’t have to care what kind of magic the compiler does to makes this happen. You can just
take advantage of the functionality it provides!

TObject is a special object because its definition comes from the System unit, and the Object
Pascal compiler is “aware” of TObject. The following code illustrates the definition of the
TObject class:

type
TObject = class
constructor Create;
procedure Free;
class function InitInstance(Instance: Pointer): TObject;
procedure CleanupInstance;
function ClassType: TClass;
class function ClassName: ShortString;
class function ClassNameIs(const Name: string): Boolean;
class function ClassParent: TClass;
class function ClassInfo: Pointer;
class function InstanceSize: Longint;
class function InheritsFrom(AClass: TClass): Boolean;
class function MethodAddress(const Name: ShortString): Pointer;
class function MethodName (Address: Pointer): ShortString;
function FieldAddress(const Name: ShortString): Pointer;
function GetInterface(const IID: TGUID; out Obj): Boolean;
class function GetInterfaceEntry(const IID: TGUID): PInterfaceEntry;
class function GetInterfaceTable: PInterfaceTable;
function SafeCallException(ExceptObject: TObject;
ExceptAddr: Pointer): HResult; virtual;
procedure AfterConstruction; virtual;
procedure BeforeDestruction; virtual;
procedure Dispatch(var Message); virtual;
procedure DefaultHandler(var Message); virtual;
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class function NewInstance: TObject; virtual;
procedure FreeInstance; virtual;
destructor Destroy; virtual;

end;

You’ll find each of these methods documented in Delphi’s online help system.

In particular, note the methods that are preceded by the keyword class. Prepending the

class keyword to a method enables it to be called like a normal procedure or function without
actually having an instance of the class of which the method is a member. This is a juicy bit of
functionality that was borrowed from C++’s static functions. Be careful, though, not to make
a class method depend on any instance information; otherwise, you’ll get a compiler error.

Interfaces

Perhaps the most significant addition to the Object Pascal language in the recent past is the
native support for interfaces, which was introduced in Delphi 3. Simply put, an interface
defines a set of functions and procedures that can be used to interact with an object. The defin-

Tip
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ition of a given interface is known to both the implementer and the client of the interface—act-
ing as a contract of sorts for how an interface will be defined and used. A class can implement

multiple interfaces, providing multiple known “faces” by which a client can control an object.

As its name implies, an interface defines only, well, an interface by which object and clients
communicate. This is similar in concept to a C++ PURE VIRTUAL class. It’s the job of a class
that supports an interface to implement each of the interface’s functions and procedures.

In this chapter you’ll learn about the language elements of interfaces. For information on using
interfaces within your applications, see Chapter 23, “COM and ActiveX.”

Defining Interfaces
Just as all Delphi classes implicitly descend from TObject, all interfaces are implicitly derived
from an interface called IUnknown. IUnknown is defined in the System unit as follows:

type
IUnknown = interface
['{00000000-0000-0000-C000-000000000046} ']
function QueryInterface(const IID: TGUID; out Obj): Integer; stdcall;
function _AddRef: Integer; stdcall;
function _Release: Integer; stdcall;
end;
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As you can see, the syntax for defining an interface is very similar to that of a class. The pri-
mary difference is that an interface can optionally be associated with a globally unique identi-
fier (GUID), which is unique to the interface. The definition of IUnknown comes from the
Component Object Model (COM) specification provided by Microsoft. This is also described
in more detail in Chapter 23, “COM and ActiveX.”

Defining a custom interface is straightforward if you understand how to create Delphi classes.
The following code defines a new interface called IFoo, which implements one method
called F1():

type
IFoo = interface
['{2137BF60-AA33-11D0-A9BF -9A4537A42701} ']
function F1: Integer;
end;

The Delphi IDE will manufacture new GUIDs for your interfaces when you use the
Ctrl+Shift+G key combination.

The following code defines a new interface, IBar, which descends from IFoo:

type
IBar = interface(IFoo0)
['{2137BF61-AA33-11D0-A9BF -9A4537A42701} ']
function F2: Integer;
end;

Implementing Interfaces
The following bit of code demonstrates how to implement IFoo and IBar in a class called
TFooBar:

type
TFooBar = class(TInterfacedObject, IFoo, IBar)
function F1: Integer;
function F2: Integer;
end;

function TFooBar.F1: Integer;
begin

Result := 0;
end;

function TFooBar.F2: Integer;
begin

Result := 0;
end;
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Note that multiple interfaces can be listed after the ancestor class in the first line of the class
declaration in order to implement multiple interfaces. The binding of an interface function to a
particular function in the class happens when the compiler matches a method signature in the
interface with a matching signature in the class. A compiler error will occur if a class declares
that it implements an interface but the class fails to implement one or more of the interface’s
methods.

If a class implements multiple interfaces that have methods of the same signature, you must
alias the same-named methods as shown in the short example following:

type
IFoo = interface
['{2137BF60-AA33-11D0-A9BF -9A4537A42701} ' ]
function F1: Integer;
end;

IBar = interface
['{2137BF61-AA33-11D0-A9BF -9A4537A42701} ']
function F1: Integer;

end;

TFooBar = class(TInterfacedObject, IFoo, IBar)
// aliased methods
function IFoo0.F1 = FooOF1;
function IBar.F1 BarF1;
// interface methods
function FooF1: Integer;
function BarF1: Integer;
end;

function TFooBar.FooF1: Integer;
begin

Result := 0;
end;

function TFooBar.BarF1: Integer;
begin

Result := 0;
end;

The implements Directive

Delphi 4 introduced the implements directive, which enables you to delegate the implementa-
tion of interface methods to another class or interface. This technique is sometimes called
implementation by delegation. Implements is used as the last directive on a property of class or
interface type like this:

N

IDVNONY
1VIsvd
133raQ IHL



112

Essentials for Rapid Development

PART |

type
TSomeClass = class(TInterfacedObject, IFo00)
/] stuff
function GetFoo: TFoo;
property Foo: TFoo read GetFoo implements IFoo0;
/] stuff
end;

The use of implements in the preceding code example instructs the compiler to look to the Foo
property for the methods that implement the IFoo interface. The type of the property must be a
class that contains IFoo methods or an interface of type IFoo or a descendant of IFoo. You can
also provide a comma-delimited list of interfaces following the implements directive, in which
case the type of the property must contain the methods to implement the multiple interfaces.

The implements directive buys you two key advantages in your development: First, it allows
you to perform aggregation in a no-hassle manner. Aggregation is a COM concept pertaining to
the combination of multiple classes for a single purpose (see Chapter 23, “COM and ActiveX,”
for more information on aggregation). Second, it allows you to defer the consumption of
resources necessary to implement an interface until it’s absolutely necessary. For example, say
there was an interface whose implementation requires allocation of a 1MB bitmap, but that
interface is seldom required by clients. You probably wouldn’t want to implement that interface
all the time “just in case” because that would be a waste of resources. Using implements, you
could create the class to implement the interface on demand in the property accessor method.

Using Interfaces

A few important language rules apply when you’re using variables of interface types in your
applications. The foremost rule to remember is that an interface is a lifetime-managed type.
This means it’s always initialized to nil, it’s reference counted, a reference is automatically
added when you obtain an interface, and it’s automatically released when it leaves scope or is
assigned the value nil. The following code example illustrates the lifetime management of an
interface variable:

var
I: ISomelInterface;
begin
// I is initialized to nil
I := FunctionReturningAnInterface; // ref count of I is incremented
I.SomeFunc;

// ref count of I is decremented. If 0, I is automatically released
end;

Another unique rule of interface variables is that an interface is assignment compatible with
classes that implement the interface. For example, the following code is legal using the
TFooBar class defined earlier:
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procedure Test(FB: TFooBar)
var

F: IFoo;
begin

F := FB; // legal because FB supports IFoo

Finally, the as typecast operator can be used to QueryInterface a given interface variable for
another interface (this is explained in greater detail in Chapter 23). This is illustrated here:

var
FB: TFooBar;
F: IFoo;
B: IBar;
begin
FB := TFooBar.Create
F := FB; // legal because FB supports IFoo
B := F as IBar; // QueryInterface F for IBar

If the requested interface is not supported, an exception will be raised.

Structured Exception Handling

Structured exception handling (SEH) is a method of error handling that enables your applica-
tion to recover gracefully from otherwise fatal error conditions. In Delphi 1, exceptions were
implemented in the Object Pascal language, but starting in Delphi 2, exceptions are a part of
the Win32 API. What makes Object Pascal exceptions easy to use is that they’re just classes
that happen to contain information about the location and nature of a particular error. This

NoTE

113

makes exceptions as easy to implement and use in your applications as any other class.

Delphi contains predefined exceptions for common program-error conditions, such as out of
memory, divide by zero, numerical overflow and underflow, and file I/O errors. Delphi also
enables you to define your own exception classes as you may see fit in your applications.
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Listing 2.3 demonstrates how to use exception handling during file I/O.

LisTING 2.3 File I/O using exception handling

Program FileIO;
uses Classes, Dialogs;

{$APPTYPE CONSOLE}

var
F: TextFile;
S: string;
begin
AssignFile(F, 'FOO.TXT');
try
Reset (F);
try
ReadLn(F, S);
finally
CloseFile(F);
end;
except
on EInOutError do
ShowMessage( 'Error Accessing File!');
end;
end.

In Listing 2.3, the inner try..finally block is used to ensure that the file is closed regardless
of whether any exceptions come down the pike. What this block means in English is “Hey, pro-
gram, try to execute the statements between the try and the finally. If you finish them or run
into an exception, execute the statements between the finally and the end. If an exception
does occur, move on to the next exception-handling block.” This means that the file will be

closed and the error can be properly handled no matter what error occurs.

The statements after finally in a try..finally block execute regardless of whether
an exception occurs. Make sure that the code in your finally block does not assume
that an exception has occurred. Also, because the finally statement doesn’t stop the
migration of an exception, the flow of your program'’s execution will continue on to

the next exception handler.

The outer try. .except block is used to handle the exceptions as they occur in the program.
After the file is closed in the finally block, the except block puts up a message informing the

user that an I/O error occurred.
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One of the key advantages that exception handling provides over the traditional method of
error handling is the ability to distinctly separate the error-detection code from the error-
correction code. This is a good thing primarily because it makes your code easier to read and
maintain by enabling you to concentrate on one distinct aspect of the code at a time.

The fact that you cannot trap any specific exception by using the try..finally block is sig-
nificant. When you use a try..finally block in your code, it means that you don’t care what
exceptions might occur. You just want to perform some tasks when they do occur to gracefully
get out of a tight spot. The finally block is an ideal place to free any resources you’ve allo-
cated (such as files or Windows resources), because it will always execute in the case of an

CAUTION

error. In many cases, however, you need some type of error handling that’s able to respond dif-
ferently depending on the type of error that occurs. You can trap specific exceptions by using a
try..except block, which is again illustrated in Listing 2.4.

LisTING 2.4 A try..except exception-handling block

Program HandleIt;

{$APPTYPE CONSOLE}

var
R1, R2: Double;
begin
while True do begin
try
Write('Enter a real number: ');
ReadLn(R1);
Write('Enter another real number: ');
ReadLn(R2);
Writeln('I will now divide the first number by the second...');
Writeln('The answer is: ', (R1 / R2):5:2);
except

On EZeroDivide do
Writeln('You cannot divide by zero!');
On EInOutError do
Writeln('That is not a valid number!');
end;
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end;
end.

Although you can trap specific exceptions with the try. .except block, you also can catch
other exceptions by adding the catchall else clause to this construct. The syntax of the
try..except..else construct follows:

try
Statements
except
On ESomeException do Something;
else
{ do some default exception handling }
end;

When using the try..except..else construct, you should be aware that the else
part will catch all exceptions—even exceptions you might not expect, such as out-of-
memory or other runtime-library exceptions. Be careful when using the else clause,
and use the clause sparingly. You should always reraise the exception when you trap
with unqualified exception handlers. This is explained in the section “Reraising an
Exception.”

You can achieve the same effect as a try..except..else construct by not specifying the
exception class in a try. .except block, as shown in this example:

try

CAUTION

Statements
except
HandleException // almost the same as else statement

end;

Exception Classes

Exceptions are merely special instances of objects. These objects are instantiated when an
exception occurs and are destroyed when an exception is handled. The base exception object is
called Exception, and that object is defined as follows:

type

Exception = class(TObject)
private
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FMessage: string;
FHelpContext: Integer;
public
constructor Create(const Msg: string);
constructor CreateFmt(const Msg: string; const Args: array of const);
constructor CreateRes(Ident: Integer); overload;
constructor CreateRes(ResStringRec: PResStringRec); overload;
constructor CreateResFmt(Ident: Integer; const Args: array of const);
overload;
constructor CreateResFmt(ResStringRec: PResStringRec; const Args: array of
const); overload;
constructor CreateHelp(const Msg: string; AHelpContext: Integer);
constructor CreateFmtHelp(const Msg: string; const Args: array of const;
AHelpContext: Integer);
constructor CreateResHelp(Ident: Integer; AHelpContext: Integer); overload;
constructor CreateResHelp(ResStringRec: PResStringRec; AHelpContext:
Integer); overload;
constructor CreateResFmtHelp(ResStringRec: PResStringRec; const Args: array
of const;
AHelpContext: Integer); overload;
constructor CreateResFmtHelp(Ident: Integer; const Args: array of const;
AHelpContext: Integer); overload;
property HelpContext: Integer read FHelpContext write FHelpContext;
property Message: string read FMessage write FMessage;
end;

The important element of the Exception object is the Message property, which is a string.
Message provides more information or explanation on the exception. The information provided
by Message depends on the type of exception that’s raised.

If you define your own exception object, make sure that you derive it from a known
exception object such as Exception or one of its descendants. The reason for this is so
that generic exception handlers will be able to trap your exception.

When you handle a specific type of exception in an except block, that handler also will catch
any exceptions that are descendants of the specified exception. For example, EMathError is the
ancestor object for a variety of math-related exceptions, such as EZzeroDivide and EOverflow.
You can catch any of these exceptions by setting up a handler for EMathError, as shown here:

try
Statements
except
on EMathError do // will catch EMathError or any descendant
HandleException
end;

Any exceptions that you do not explicitly handle in your program eventually will flow to, and
be handled by, the default handler located within the Delphi runtime library. The default han-
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dler will put up a message dialog box informing the user that an exception occurred.
Incidentally, Chapter 4, “Application Frameworks and Design Concepts,” will show an exam-
ple of how to override the default exception handling.

When handling an exception, you sometimes need to access the instance of the exception
object in order to retrieve more information on the exception, such as that provided by its
Message property. There are two ways to do this: Use an optional identifier with the on
ESomeException construct or use the ExceptObject () function.

Tip

You can insert an optional identifier in the on ESomeException portion of an except block
and have the identifier map to an instance of the currently raised exception. The syntax for this
is to preface the exception type with an identifier and a colon, as follows:

try
Something
except
on E:ESomeException do
ShowMessage (E.Message) ;
end;

In this case, the identifier (E in this case) becomes the instance of the currently raised excep-
tion. This identifier is always of the same type as the exception it prefaces.

You can also use the ExceptObject () function, which returns an instance of the currently
raised exception. The drawback to ExceptObject (), however, is that it returns a TObject that
you must then typecast to the exception object of your choice. The following example shows
the usage of this function:
try

Something
except

on ESomeException do

ShowMessage (ESomeException(ExceptObject) .Message);
end;

The ExceptObject() function will return Nil if there is no active exception.

The syntax for raising an exception is similar to the syntax for creating an object instance. To
raise a user-defined exception called EBadStuff, for example, you would use this syntax:

Raise EBadStuff.Create('Some bad stuff happened.');

Flow of Execution
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After an exception is raised, the flow of execution of your program propagates up to the next
exception handler until the exception instance is finally handled and destroyed. This process is
determined by the call stack and therefore works program-wide (not just within one procedure
or unit). Listing 2.5 illustrates the flow of execution of a program when an exception is raised.
This listing is the main unit of a Delphi application that consists of one form with one button
on the form. When the button is clicked, the Button1Click () method calls Proc1 (), which
calls Proc2(), which in turn calls Proc3(). An exception is raised in Proc3(), and you can
witness the flow of execution propagating through each try..finally block until the excep-
tion is finally handled inside Button1Click().

When you run this program from the Delphi IDE, you’ll be able to see the flow of exe-
cution better if you disable the integrated debugger’s handling of exceptions by
unchecking Tools, Debugger Options, Language Exceptions, Stop on Delphi Exceptions.

LisTING 2.5 Main unit for the exception propagation project

unit Main;
interface

uses
SysUtils, Windows, Messages, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls;

type
TForm1 = class(TForm)
Buttoni: TButton;
procedure ButtoniClick(Sender: TObject);

private
{ Private declarations }
public
{ Public declarations }
end;
var

Form1: TFormi;
implementation
{$R *.DFM}

type
EBadStuff = class(Exception);

procedure Proc3;
begin
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try
raise EBadStuff.Create('Up the stack we go!');
finally
ShowMessage ( 'Exception raised. Proc3 sees the exception');
end;
end;

procedure Proc2;
begin
try
Proc3;
finally
ShowMessage('Proc2 sees the exception');
end;
end;

procedure Proct;
begin
try
Proc2;
finally
ShowMessage('Proc1 sees the exception');
end;
end;

procedure TForm1.ButtoniClick(Sender: TObject);
const
ExceptMsg = 'Exception handled in calling procedure. The message is "%s"';
begin
ShowMessage('This method calls Proci1 which calls Proc2 which calls Proc3');
try
Proci;
except
on E:EBadStuff do
ShowMessage (Format (ExceptMsg, [E.Messagel));
end;
end;

end.

Reraising an Exception

When you need to perform special handling for a statement inside an existing try. .except
block and still need to allow the exception to flow to the block’s outer default handler, you can
use a technique called reraising the exception. Listing 2.6 demonstrates an example of rerais-
ing an exception.
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LISTING 2.6 Reraising an exception

try // this is outer block
{ statements }
{ statements }
( statements }

try // this is the special inner block
{ some statement that may require special handling }
except
on ESomeException do
begin
{ special handling for the inner block statement }
raise; /| reraise the exception to the outer block
end;
end;
except

// outer block will always perform default handling
on ESomeException do Something;
end;

Runtime Type Information

Runtime Type Information (RTTI) is a language feature that gives a Delphi application the
capability to retrieve information about its objects at runtime. RTTI is also the key to links
between Delphi components and their incorporation into the Delphi IDE, but it isn’t just an
academic process that occurs in the shadows of the IDE.

Objects, by virtue of being TObject descendants, contain a pointer to their RTTI and have sev-
eral built-in methods that enable you to get some useful information out of the RTTI. The fol-
lowing table lists some of the TObject methods that use RTTI to retrieve information about a
particular object instance.

Function Return Type Returns

ClassName() string The name of the object’s class

ClassType() TClass The object’s type

InheritsFrom() Boolean Boolean to indicate whether the class
descends from a given class

ClassParent() TClass The object ancestor’s type

InstanceSize() word The size, in bytes, of an instance

ClassInfo() Pointer A pointer to the object’s in-memory

RTTI

121

N

IDVNONY
1VIsvd
133raQ IHL






The Win32 API CHAPTER

IN THIS CHAPTER

e  Objects—Then and Now 124

e  Multitasking and Multithreading 128
e  Win32 Memory Management 129

e  Error Handling in Win32 133

e Summary 134



124

Essentials for Rapid Development

PART |

This chapter gives you an introduction to the Win32 API and the Win32 system in general. The
chapter discusses the capabilities of the Win32 system and also points out some key differences
from the 16-bit implementation of various features. The intent of this chapter is not to docu-
ment the Win32 system in depth but rather to give you a basic idea of how Win32 operates. By
having a basic understanding of the Win32 operation, you’ll be able use advanced features pro-
vided by the Win32 system whenever the need arises.

Objects—Then and Now

The term objects is used for a number of reasons. When we speak of the Win32 architecture,
we’re not speaking of objects as they exist in object-oriented programming or the Component
Object Model (COM). Objects have a totally different meaning in this context, and to make
things more confusing, object means something different in 16-bit Windows than it does in
Win32. We want to make sure you understand what objects are in Win32.

Basically two types of objects are in the Win32 environment: kernel objects and GDI/User
objects.

Kernel Objects

Kernel objects are native to the Win32 system and include events, file mappings, files, mail-
slots, mutexes, pipes, processes, semaphores, and threads. The Win32 API includes various
functions specific to each kernel object. Before discussing kernel objects in general, we want
to discuss processes that are essential to understanding how objects are managed in the Win32
environment.

Processes and Threads

A process can be thought of as a running application or an application instance. Therefore, sev-
eral processes can be active at once in the Win32 environment. Each process gets its own 4GB
address space for its code and data. Within this 4GB address space, any memory allocations,
threads, file mappings, and so on exist. Additionally, any dynamic link libraries (DLLs) loaded
by a process are loaded into the address space of the process. We’ll say more about the mem-
ory management of the Win32 system later in this chapter, in the section “Win32 Memory
Management.”

Processes are inert. In other words, they execute nothing. Instead, each process gets a primary
thread that executes code within the context of the process that owns this thread. A process
may contain several threads; however, it has only one main or primary thread.
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A thread is an operating system object that represents a path of code execution
within a particular process. Every Win32 application has at least one thread—often
called the primary thread or default thread—but applications are free to create other
threads to perform other tasks. Threads are covered in greater depth in Chapter 11,
“Writing Multithreaded Applications.”

When a process is created, the system creates the main thread for it. This thread may then cre-
ate additional threads, if necessary. The Win32 system allocates CPU time called time slices to

the threads of the process.

Table 3.1 shows some common process functions of the Win32 API.

TaBLE 3.1 Process Functions

Function

Purpose

CreateProcess()

ExitProcess()

GetCurrentProcess()

DuplicateHandle()

GetCurrentProcessID()

GetExitCodeProcess()
GetPriorityClass()

GetStartupInfo()

OpenProcess()

SetPriorityClass()
TerminateProcess()
WaitForInputIdle()

Creates a new process and its primary thread. This function replaces
the WinExec () function used in Windows 3.11.

Exits the current process, terminating the process and all threads
related to that process.

Returns a pseudohandle of the current process. A pseudohandle is a
special handle that can be interpreted as the current process handle.
A real handle can be obtained by using the DuplicateHandle()
function.

Duplicates the handle of a kernel object.

Retrieves the current process ID, which uniquely identifies the
process throughout the system until the process has terminated.

Retrieves the exit status of a specified process.

Retrieves the priority class for a specified process. This value and
the values of each thread priority in the process determine the base
priority level for each thread.

Retrieves the contents of the TStartupInfo structure initialized
when the process was created.

Returns a handle of an existing process as specified by a process ID.
Sets a process’s priority class.
Terminates a process and kills all threads associated with that process.

Waits until the process is waiting for input from the user.
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Some Win32 API functions require an application’s instance handle, whereas others require a
module handle. In 16-bit Windows, there was a distinction between these two values. This is
not true under Win32. Every process gets its own instance handle. Your Delphi 5 applications
can refer to this instance handle by accessing the global variable, HInstance. Because
HInstance and the application’s module handle are the same, you can pass HInstance to
Win32 API functions calling for a module handle, such as the GetModuleFileName () function,
which returns the filename of a specified module. See the following Caution for when
HInstance does not refer to the module handle of the current application.

CAUTION

HInstance will not be the module handle of the application for code that’s compiled
into packages. Use MainInstance to refer always to the host application module and
HInstance to refer to the module in which your code resides.

Another difference between Win32 and 16-bit Windows has to do with the HPrevInst global
variable. In 16-bit Windows, this variable held the handle of a previously run instance of the
same application. You could use the value to prevent multiple instances of your application
from running. This no longer works in Win32. Each process runs within its own 4GB address
space and can’t see any other processes. Therefore, HPrevInst is always assigned the value 0.
You must use other techniques to prevent multiple instances of your application from running,
as shown in Chapter 13, “Hard-core Techniques.”

Types of Kernel Objects

There are several kinds of kernel objects. When a kernel object is created, it exists in the
address space of the process, and that process gets a handle to that object. This handle can’t

be passed to other processes or reused by the next process to access the same kernel object.
However, a second process can obtain its own handle to a kernel object that already exists by
using the appropriate Win32 API function. For example, the CreateMutex () Win32 API func-
tion creates a named or unnamed mutex object and returns its handle. The OpenMutex () Win32
API returns the handle to an existing named mutex object. OpenMutex () passes the name of the
mutex whose handle is being requested.

NoTE

Named kernel objects are optionally assigned a null-terminated string name when
created with their respective CreatexxxX() functions. This name is registered in the
Win32 system. Other processes can access the same kernel object by opening it, using
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the OpenxXxxX() function, and passing the specified object name. A demonstration of
this technique is used in Chapter 13, “Hard-core Techniques,” where we show you
how to prevent multiple instances of an application from running.

If you want to share a mutex across processes, you can have the first process create the mutex
by using the CreateMutex() function. This process must pass a name that will be associated
with this new mutex. Other processes must use the OpenMutex () function, to which they pass
the same name of the mutex used by the first process. OpenMutex () will return a handle to the
mutex object of the given name. Various security constraints may be imposed on other
processes accessing existing kernel objects. Such security constraints are specified when the
mutex is initially created with CreateMutex (). Look to the online help for these constraints as
they apply to each kernel object.

Because multiple processes can access kernel objects, kernel objects are maintained by a usage
count. As a second application accesses the object, the usage count is incremented. When it’s
done with the object, the application should call the CloseHandle () function, which decre-
ments the object’s usage count.

GDI and User Objects

Objects in 16-bit Windows referred to entities that could be referenced by a handle. This didn’t
include kernel objects because they didn’t exist under 16-bit Windows.

In 16-bit Windows, there are two types of objects: those stored in the GDI and User local
heaps, and those allocated from the global heap. Examples of GDI objects are brushes, pens,
fonts, palettes, bitmaps, and regions. Examples of User objects are windows, window classes,
atoms, and menus.

A direct relationship exists between an object and its handle. An object’s handle is a selector that,
when converted into a pointer, points to a data structure describing an object. This structure exists
in either the GDI or User default data segment, depending on the type of object to which the han-
dle refers. Additionally, a handle for an object referring to the global heap is a selector to the
global memory segment; therefore, when converted to a pointer, it points to that memory block.

A result of this particular design is that objects in 16-bit Windows are sharable. The globally
accessible Local Descriptor Table (LDT) stores the handles to these objects. The GDI and User
default data segments are also globally accessible to all applications and DLLs under 16-bit
Windows. Therefore, any application or DLL can get to an object used by another application.
Do note that objects such as the LDT are only sharable in Windows 3.1 (16-bit Windows).
Many applications use this arrangement for different purposes. One example is to enable appli-
cations to share memory.
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Win32 deals with GDI and User objects a bit differently, and the same techniques you used in
16-bit Windows might not be applicable to the Win32 environment.

To begin with, Win32 introduces kernel objects, which we’ve already discussed. Also, the
implementation of GDI and User objects is different under Win32 than under 16-bit Windows.

Under Win32, GDI objects are not shared like their 16-bit counterparts. GDI objects are stored
in the address space of the process rather than in a globally accessible memory block (each
process gets its own 4GB address space). Additionally, each process gets its own handle table,
which stores handles to GDI objects within the process. This is an important point to remem-
ber, because you don’t want to be passing GDI object handles to other processes.

Earlier, we mentioned that LDTs are accessible from other applications. In Win32, each
process address space is defined by its own LDT. Therefore, Win32 uses LDTs as they were
intended: as process-local tables.

CAUTION

Although it's possible that a process could call SelectObject() on a handle from
another process and successfully use that handle, this would be entirely coincidental.
GDI objects have different meanings in different processes, so you don’t want to
practice this method.

The managing of GDI handles happens in the Win32 GDI subsystem, which includes the vali-
dation of GDI objects and the recycling of handles.

User objects work similarly to GDI objects and are managed by the Win32 User subsystem.
However, any handle tables are also maintained by User—not in the address space of the
process, as with the GDI handle tables. Therefore, objects such as windows, window classes,
atoms, and so on are sharable across processes.

Multitasking and Multithreading

Multitasking is a term used to describe an operating system’s capability of running multiple
applications concurrently. The system does this by issuing time slices to each application. In
this sense, multitasking is not true multitasking but rather task switching. In other words, the
operating system isn’t really running multiple applications at the same time. Instead, it’s run-
ning one application for a certain amount of time and then switching to another application and
running it for a certain amount of time. It does this for each application. To the user it appears
as though all applications are running simultaneously because the time slices are small.
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This concept of multitasking isn’t really a new feature of Windows and has existed in previous
versions. The key difference between the Win32 implementation of multitasking and that of
earlier versions of Windows is that Win32 uses preemptive multitasking, whereas earlier ver-
sions use nonpreemptive multitasking (which means that the Windows system doesn’t schedule
time to applications based on the system timer). Applications have to tell Windows that they’re
finished processing code before Windows can grant time to other applications. This is a prob-
lem because a single application can tie up the system with a lengthy process. Therefore,
unless the programmers of the application make sure that the application gives up time to other
applications, problems can arise for the user.

Under Win32, the system grants CPU time to the threads for each process. The Win32 system
manages the time allotted to each thread based on thread priorities. This concept is discussed
in greater depth in Chapter 11, “Writing Multithreaded Applications.”

NoTEe

The Windows NT/2000 implementation of Win32 offers the capacity to perform true
multitasking on machines with multiple processors. Under these conditions, each
application can be granted time on its own processor. Actually, each individual
thread can be given CPU time on any available CPU in a multiprocessor machine.

Multithreading is the capability of an application to multitask within itself. This means that
your application can perform different types of processing simultaneously. A process can have
several threads, and each thread contains its own distinct code to execute. Threads may have
dependencies on one another and therefore must be synchronized. For example, it wouldn’t be
a good idea to assume that a particular thread will finish processing its code when its result
will be used by another thread. Thread-synchronization techniques are used to coordinate
multiple-thread execution. Threads are discussed in greater depth in Chapter 11, “Writing
Multithreaded Applications.”

Win32 Memory Management

The Win32 environment introduces you to the 32-bit flat memory model. Finally, Pascal pro-
grammers can declare that big array without running into a compile error:

BigArray = array[1..100000] of integer;

The following sections discuss the Win32 memory model and how the Win32 system lets you
manipulate memory.
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Just What Is the Flat Memory Model?

The 16-bit world uses a segmented memory model. Under that model, addresses are represented
with a segment:offset pair. The segment refers to a base address, and the offset represents a num-
ber of bytes from that base. The problem with this scheme is that it’s confusing to the average
programmer, especially when dealing with large memory requirements. It’s also limiting—data
structures larger than 64KB are extremely painful to manage and are therefore avoided.

Under the flat-memory model, these limitations are gone. Each process has its own 4GB
address space to use for allocating large data structures. Additionally, an address actually repre-
sents a unique memory location.

How Does the Win32 System Manage Memory?

It’s not likely that your computer has 4GB installed. How does the Win32 system make more
memory available to your processes than the amount of physical memory installed on the com-
puter? Addresses that are 32 bit don’t actually represent a memory location in physical mem-
ory. Instead, Win32 uses virtual addresses.

By using virtual memory, each process can get its own 4GB virtual address space. The upper
2MB area of this address space belongs to Windows, and the bottom 2MB is where your appli-
cations reside and where you can allocate memory. One advantage to this scheme is that the
thread for one process can’t access the memory in another process. The address $54545454 in
one process points to a completely different location than the same address in another process.

It’s important to note that a process doesn’t actually have 4GB of memory but rather has the
capability to access a range of addresses up to 4GB. The amount of memory available to a
process really depends on how much physical RAM is installed on the machine and how much
space is available on disk for a paging file. The physical RAM and the paging file are used by
the system to break the memory available to a process into pages. The size of a page depends
on the type of system on which Win32 is installed. These page sizes are 4KB for Intel plat-
forms and 8KB for Alpha platforms. The defunct PowerPC and MIPS platforms used 4KB
pages as well. The system then moves pages from the paging file to physical memory and back
as needed. The system maintains a page map to translate the virtual addresses of a process to a
physical address. We won’t get into the hairy details of how all this happens; we just want to
familiarize you with the general scheme of things at this point.

A developer can manipulate memory in the Win32 environment in essentially three ways:
using virtual memory, file-mapping objects, and heaps.

Virtual Memory
Win32 provides you with a set of low-level functions that enable you to manipulate the virtual
memory of a process. This memory exists in one of the following three states:



The Win32 API

CHAPTER 3

e Free. Memory that’s available to be reserved and/or committed.

e Reserved. Memory within an address range that’s reserved for future use. Memory within
this address is protected from other allocation requests. However, this memory cannot be
accessed by the process because no physical memory is associated with it until it’s com-
mitted. The VirtualAlloc() function is used to reserve memory.

e Committed. Memory that has been allocated and associated with physical memory.
Committed memory can be accessed by the process. The VirtualAlloc () function is
used to commit virtual memory.

As stated earlier, Win32 provides various VirtualXXxx () functions for manipulating virtual
memory, as shown in Table 3.2. These functions are also documented in detail in the online help.

TaBLE 3.2 Virtual Memory Functions

Function Purpose

VirtualAlloc() Reserves and/or commits pages in a process’s virtual address space.
VirtualFree() Releases and/or decommits pages in a process’s virtual address space.
VirtuallLock() Locks a region of a process’s virtual address to prevent it from being

swapped to a page file. This prevents page faults with subsequent
accesses to that region.

VirtualUnLock() Unlocks a specified region of memory in a process’s address space so
that it can be swapped to a page file if necessary.

VirtualQuery() Returns information about a range of pages in the calling process’s
virtual address space.

VirtualQueryEx() Returns the same information as VirtualQuery () except that it
allows you to specify the process.

VirtualProtect() Changes access protection for a region of committed pages in the
calling process’s virtual address space.

VirtualProtectEx() Same as VirtualProtect () except that it makes changes to a
specified process.

NoTE

The xxXxEx () routines listed in this table can only be used by a process that has

debugging privileges on the other process. It's complicated and rare for anything but
a debugger to use these routines.
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Memory-Mapped Files

Memory-mapped files (file-mapping objects) allow you to access disk files in the same way
you would access dynamically allocated memory. This is done by mapping all or part of the
file to the calling process’s address range. After this is done, you can access the file’s data by
using a simple pointer. Memory-mapped files are discussed in greater detail in Chapter 12,
“Working with Files.”

Heaps

Heaps are contiguous blocks of memory in which smaller blocks can be allocated. Heaps effi-
ciently manage the allocation and manipulation of dynamic memory. Heap memory is manipu-
lated using various HeapXxxX () Win32 API functions. These functions are listed in Table 3.3
and are also documented in detail in Delphi’s online help.

TaBLE 3.3 Heap Functions

Function Purpose

HeapCreate() Reserves a contiguous block in the virtual address space of the call-
ing process and allocates physical storage for a specified initial por-
tion of this block

HeapAlloc() Allocates a block of nonmovable memory from a heap
HeapReAlloc() Reallocates a block of memory from the heap, thus allowing you to
resize or change the heap’s properties
HeapFree() Frees a memory block allocated from the heap with HeapAlloc ()
HeapDestroy () Destroys a heap object created with HeapCreate ()
NoTE

It's important to note that there are several differences in the Win32 implementation
of Windows NT/2000 and Windows 95/98. Generally, these differences have to do
with security and speed. The Windows 95/98 memory manager, for instance, is leaner
than that of Windows NT/2000 (NT maintains more internal tracking information on
heap blocks). However, the NT virtual memory manager is generally regarded as
much faster than Windows 95/98.

Be aware of such differences when using the various functions associated with these
Windows objects. The online help will point out platform-specific variations of such a
function’s usage. Be sure to refer to the help whenever using these functions.
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Error Handling in Win32

Most Win32 API functions return either True or False, indicating that the function was either
successful or unsuccessful, respectively. If the function is unsuccessful (the function returns

False), you must use the GetLastError() Win32 API function to obtain the error code value
for the thread in which the error occurred.

NoOTE

Not all Win32 system API functions set error codes that are accessible by
GetLastError(). For example, many GDI routines don't set error codes.

This error code is maintained on a per-thread basis, so GetLastError () must be called in the
context of the thread causing the error. The following is an example of this function’s usage:

if not CreateProcess(CommandLine, nil, nil, nil, False,
NORMAL_PRIORITY_CLASS, nil, nil, StartupInfo, ProcessInfo) then
raise Exception.Create('Error creating process: '+
IntToStr(GetLastError));

Tip

The Delphi 5 SysUtils.pas unit has a standard exception class and utility function to
convert system errors into exceptions. These functions are Win32Check () and
RaiselLastWin32Error (), which raises an EWin32Error exception. Use these helper
routines instead of writing your own result checks.

This code attempts to create a process specified by the null-terminated string CommandLine.
We’ll defer discussing the CreateProcess () method for a later chapter since we’re focusing on
the GetLastError() function. If CreateProcess() fails, an exception is raised. This exception
displays the last error code that resulted from the function call by getting it from the
GetlLastError() function. You might use a similar approach in your application.

Tip

Error codes returned by GetLastError() are typically documented in the online help
under the functions that cause the error to occur. Therefore, the error code for
CreateMutex () would be documented under CreateMutex () in the Win32 online help.
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Summary

This chapter introduced you to the Win32 API. You should now have an idea of the new kernel
objects available as well as how Win32 manages memory. You should also be familiar with the
different memory-management features available to you. As a Delphi developer, it isn’t neces-
sary that you know all the ins and outs of the Win32 system. However, you should possess a
basic understanding of the Win32 system, its functions, and how you can use these functions to
maximize your development effort. This chapter provides you with a starting point.
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This chapter is about Delphi project management and architecting. It shows you how to use
forms properly in your applications as well as how to manipulate their behavioral and visual
characteristics. The techniques discussed in this chapter include application startup/initializa-
tion procedures, form reuse/inheritance, and user interface enhancement. The text discusses the
framework classes that make up Delphi 5 applications: TApplication, TForm, TFrame, and
TScreen. We’ll then show you why understanding these concepts is essential to properly archi-
tecting Delphi applications.

Understanding the Delphi Environment and
Project Architecture

There are at least two important factors in properly building and managing Delphi 5 projects.
The first is knowing the ins and outs of the development environment in which you create your
projects. The second is having a solid understanding of the inherent architecture of the applica-
tions created with Delphi 5. This chapter doesn’t walk you through the Delphi 5 environment
(the Delphi documentation shows you how to work within that environment); instead, this
chapter points out features of the Delphi 5 IDE that help you manage your projects more effec-
tively. This chapter will also explain the architecture inherent in all Delphi applications. This
will not only allow you to maximize the environment’s features but also to properly use a solid
architecture instead of fighting it—a common mistake among those who don’t understand
Delphi project architectures.

Our first suggestion is to become well acquainted with the Delphi 5 development environment.
This book assumes that you’re already familiar with the Delphi 5 IDE. Second, this book
assumes that you’ve thoroughly read the Delphi 5 documentation (hint). However, you should
navigate through each of the Delphi 5 menus and bring up each of its dialog boxes. When you
see an option, setting, or action you’re unsure of, bring up the online help and read through it.
The time you spend doing this can prove interesting as well as insightful (not to mention that
you’ll learn how to navigate through the online help efficiently).

Tip

The Delphi 5 help system is without a doubt the most valuable and speedy reference
you have at your disposal. It would be advantageous to learn how to use it to
explore the thousands of help screens available.

Delphi 5 contains help on everything from how to use the Delphi 5 environment to
details on the Win32 APl and complex Win32 structures. You can get immediate help
on a topic by typing the topic in the editor and, with the cursor still on the word you
typed, pressing Ctrl+F1. The help screen appears immediately. Help is also available
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from the Delphi 5 dialog boxes by selecting the Help button or by pressing F1 when a
particular component has focus. You can also navigate through help by simply select-
ing Help from Delphi 5's Help menu.

Files That Make Up a Delphi 5 Project

A Delphi 5 project is composed of several related files. Some files are created at design time as
you define forms. Others aren’t created until you compile the project. To manage a Delphi 5
project effectively, you must know the purpose of each of these files. Both the Delphi 5 docu-
mentation and the online help give detailed descriptions of the Delphi 5 project files. It’s a
good idea to review the documentation to ensure that you’re familiar with these files before
going on with this chapter.

The Project File

The project file is created at design time and has the extension .dpr. This file is the main pro-
gram source file. The project file is where the main form and any automatically created forms
are instantiated. You’ll seldom have to edit this file except when performing program initializa-
tion routines, displaying a splash screen, or performing various other routines that must happen
immediately when the program starts. The following code shows a typical project file:

program Projectt;

uses
Forms,
Unit1 in 'Unitt.pas' {Formi};

{$R *.RES}

begin
Application.Initialize;
Application.CreateForm(TFormi, Formil);
Application.Run;

end.

Pascal programmers will recognize this file as a standard Pascal program file. Notice that this
file lists the form unit Unit1 in the uses clause. Project files list all form units that belong to
the project in the same manner. The following line refers to the project’s resource file:

{$R *.RES}

This line tells the compiler to link the resource file that has the same name as the project file
and an .RES extension to this project. The project resource file contains the program icon and
version information.

137

S1d1IDNOD NSBISIg

ANV SHYOMINVYS |

NOILLYOINddY/



138

Essentials for Rapid Development

PART |

Finally, the begin. .end block is where the application’s main code is executed. In this simple
example, the main form, Form1, is created. When Application.Run() executes, Formi is dis-
played as the main form. You can add code in this block, as shown later in this chapter.

Project Unit Files

Units are Pascal source files with a .pas extension. There are basically three types of units
files: form/data module and frame units, component units, and general-purpose units.

» Form/data module and frame units are units automatically generated by Delphi 5.
There’s one unit for each form/data module or frame you create. For example, you can’t
have two forms defined in one unit and use them both in the Form Designer. For the pur-
pose of explaining form files, we won’t make a distinction between forms, data modules,
and frames.

e Component units are unit files created by you or Delphi 5 whenever you create a new
component.

e General-purpose units are units you can create for data types, variables, procedures, and
classes you want to make accessible to your applications.

Details about units are provided later in this chapter.

Form Files

A form file contains a binary representation of a form. Whenever you create a new form,
Delphi 5 creates both a form file (with the extension .dfm) and a Pascal unit (with the exten-
sion .pas) for your new form. If you look at a form’s unit file, you’ll see the following line:

{$R *.DFM}

This line tells the compiler to link the corresponding form file (the form file that has the same
name as the unit file and a .DFM extension) to the project.

You typically don’t edit the form file itself (although it’s possible to do so). You can load the
form file into the Delphi 5 editor so that you can view or edit the text representation of this
file. Select File, Open and then select the option to open only form files (.dfm). You can also
do this by simply right-clicking the Form Designer and selecting View as Text from the pop-up
menu. When you open the file, you see the text representation of the form.

Viewing the textual representation of the form is handy because you can see the nondefault
property settings for the form and any components that exist on the form. One way you can
edit the form file is to change a component type. For example, suppose that the form file con-
tains this definition for a TButton component:

object Buttoni: TButton
Left = 8
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Height = 25
Caption = 'Buttoni’
TabOrder = 0

end

If you change the line object Buttoni: TButton to object Buttoni: TLabel, you change
the component type to a TLabel component. When you view the form, you see a label on the
form and not a button.

NoTE

Changing component types in the form file might result in a property read error. For
example, changing a TButton component (which has a TabOrder property) to a
TLabel component (which doesn’t have a TabOrder property) results in this error.
However, there’s no need for concern because Delphi will correct the reference to
the property the next time the form is saved.
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CAUTION

You must be extremely careful when you edit the form file. It's possible to corrupt it,
which will prevent Delphi 5 from opening the form later.

NoOTE

New to Delphi 5 is the ability to save forms in text file format. This was made possi-
ble to allow editing with other common tools such as Notepad.exe. Simply right-click
the form to invoke the context menu and select Text DFM.

Resource Files

Resource files contain binary data, also called resources, that are linked to the application’s
executable file. The RES file automatically created by Delphi 5 contains the project’s applica-
tion icon, the application’s version information, and other information. You can add resources
to your application by creating a separate resource file and linking it to your project. You can
create this resource file with a resource editor such as the Image Editor provided with Delphi 5
or the Resource Workshop.
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CAUTION

Don't edit the resource file that Delphi creates automatically at compile time. Doing
so will cause any changes to be lost the next time you compile. If you want to add
resources to your application, create a separate resource file with a different name
from that of your project file. Then link the new file to your project by using the $R
directive, as shown in the following line:

{$R MYRESFIL.RES}

Project Options and Desktop Settings Files

The project options file (with the extension .dof) is where the options specified from the
Project, Options menu are saved. This file is created when you first save your project; the file
is saved again with each subsequent save.

The desktop options file (with the extension .dsk) stores the options specified from the Tools,
Environment Options menu for the desktop. Desktop option settings differ from project option
settings in that project options are specific to a given project; desktop settings apply to the
Delphi 5 environment.

Tip

A corrupt DSK or DOF file can cause unexpected results, such as a GPF, during compi-
lation. If this happens, delete both the DOF and DSK files. They're regenerated when
you save your project and when you exit Delphi 5; the IDE and project will revert to
the default settings.

Backup Files

Delphi 5 creates backup files for the DPR project file and for any PAS units on the second and
any subsequent saves. The backup files contain the last copy of the file before the save was
performed. The project backup file has the extension .~dp. Unit backup files have the exten-
sion .~pa.

A binary backup of the DFM form file is also created after you’ve saved it for the second or
subsequent time. This form file backup has a .~df extension.

You harm nothing if you delete any of these files—as long as you realize that you’re deleting
your last backup. Also, if you find that you prefer not to create these files at all, you can prevent
Delphi from creating them by deselecting Create Backup File in the Editor Properties dialog
box’s Display page.
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Package Files

Packages are simply DLLs that contain code that can be shared among many applications.
However, packages are specific to Delphi in that they allow you to share components, classes,
data, and code between modules. This means that you can now reduce the footprint of your
applications drastically by using components residing in packages instead of linking them
directly into your applications. Later chapters talk much more about packages. Package source
files use the extension .dpk (short for Delphi package). When compiled, a BPL file is created
(A .BPL file is simply a dll). This BPL may be composed of several units or DCU (Delphi
compiled units) files, which can be any of the unit types previously mentioned. The binary
image of a DPK file containing all included units and the package header has the extension
.dcp (Delphi compiled package). Don’t be concerned if this seems confusing now; we’ll
explain packages in more detail later.

Project Management Tips

There are several ways to optimize the development process by using techniques that facilitate
better organization and code reuse. The next few sections offer some tips on these techniques.

One Project, One Directory

It’s a good idea to manage your projects so that one project’s files are separate from other pro-
jects’ files. Doing so prevents one project from overwriting another project’s files.

Notice that each project on the CD-ROM that accompanies this book is in its own directory.
You should follow this approach and maintain each of your projects in its own directory.

File Naming Conventions

It's a good idea to establish a standard file naming convention for the files that make
up your projects. You might take a look at the DDG Coding Standards Document
included on the CD-ROM and used by the authors for the projects contained in this
book. (See Chapter 6, “Delphi 5 Developer’s Guide Coding Standards Document.”)

Units for Sharing Code

You can share commonly used routines with other applications by placing such routines in
units that can be accessed by multiple projects. Typically, you create a utility directory some-
where on your hard drive and place your units in that directory. When you need to access a
particular function that exists in one of the units in that directory, you just place the unit’s
name in the uses clause of the unit/project file requiring access.
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You must also add the utility directory’s path to the search path on the Directories/Conditionals
page in the Project Options dialog box. Doing so ensures that Delphi 5 knows where to find
your utility units.

Tip

By using the Project Manager, you can add a unit from another directory to an exist-
ing project, which automatically takes care of adding the search path.

To explain how to use utility units, Listing 4.1 shows a small unit, StrUtils.pas, that contains
a single string-utility function. In reality, such units would probably contain many more rou-
tines, but this suffices as an example. The comments explain the function’s purpose.

LisTING 4.1 The StrUtils.pas Unit

unit strutils;

interface

function ShortStringAsPChar(var S: ShortString): PChar;

implementation

function ShortStringAsPChar(var S: ShortString): PChar;

{ This function null-terminates a short string so that it can be passed to
functions that require PChar types. If string is longer than 254 chars, then
it will be truncated to 254.

}

begin
if Length(S) = High(S) then Dec(S[0Q]); { Truncate S if it's too long }
S[Ord(Length(S)) + 1] := #0; { Place null at end of string }
Result := @S[1]; { Return "PChar'd" string }

end;

end.

Suppose that you have a unit, SomeUnit.Pas, that requires the use of this function. Simply add
StruUtils to the uses clause of the unit in need, as shown here:

unit SomeUnit;

interface

implementation
uses
strutils;

end.
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Also, you must ensure that Delphi 5 can find the unit StrUtils.pas by adding it to the search
path from the Project, Options menu.

When you do this, you can use the function ShortStringAsPChar () anywhere in the imple-
mentation section of SomeUnit.pas. You must place StrUtils in the uses clause of all units
that need access to the ShortStringAsPChar () function. It isn’t enough to add Strutils to
only one unit in a project, or even to the project file (DPR) of the application to make the rou-
tine available throughout the entire application.

Tip

143

Because ShortStringAsPChar () is a handy function, it pays to place it in a utility unit
where it can be reused by any application so that you don’t have to remember how
or where you last used it.

Units for Global Identifiers

Units are also useful for declaring global identifiers for your project. As mentioned earlier, a
project typically consists of many units—form units, component units, and general-purpose
units. What if you need a particular variable to be present and accessible to all units throughout
the running of your application? The following steps show a simple way to create a unit to
store these global identifiers:

1. Create a new unit in Delphi 5.

2. Give the unit a name indicating that it holds global identifiers for the application (for
example, Globals.Pas or ProjGlob.pas).

3. Place the variables, types, and so on in the interface section of your global unit. These
are the identifiers that will be accessible to other units in the application.

4. To make these identifiers accessible to a unit, just add the unit name to the uses clause
of the unit that needs access (as described earlier in this chapter in the discussion about
sharing code in units).

Making Forms Know About Other Forms

Just because each form is contained within its own unit doesn’t mean that it can’t access
another form’s variables, properties, and methods. Delphi generates code in the form’s corre-
sponding PAS file, declaring the instance of that form as a global variable. All that’s required is
that you add the name of the unit defining a particular form to the uses clause of the unit
defining the form needing access. For example, if Form1, defined in UNIT1.PAS, needs access
to Form2, defined in UNIT2.PAS, just add UNIT2 to UNIT1’s uses clause:
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unit Unit1;
interface

implementation
uses

unit2;
end.

Now UNIT1 can refer to Form2 anywhere in its implementation section.

NoTE

Form linking will ask you if you want to include Unit2 in Unit1’s uses clause when
you compile the project if you refer to the Unit2's form (call it Form2); all that's nec-
essary is to refer to Form2 somewhere in Unit1.

Multiple Projects Management (Project Groups)

Often, a product is made up of multiple projects (projects that are dependent on one another).
Examples of such projects are the separate tiers in a multitiered application. Also, DLLs to be
used in other projects might be considered part of the overall project, even though DLLs are
separate projects themselves.

Delphi 5 allows you to manage such project groups. The Project Manager allows you to com-
bine several Delphi projects into one grouping called a project group. We won’t go into to the
details of using the Project Manager because Delphi’s documentation already does this. We do
want to emphasize how important it is to organize project groups and how the Project Manager
helps you do this.

It’s still important that each project live in its own directory and that all files specific to that
project alone reside in the same directory. Any shared units, forms, and so on should be placed
in a common directory that’s accessed by the separate projects. For example, your directory
structure might look something like this:

\DDGBugProduct
\DDGBugProduct\BugReportProject
\DDGBugProduct\BugAdminTool
\DDGBugProduct\CommonFiles

Given this structure, you have two separate directories for each Delphi project:
BugReportProject and BugAdminTool. However, both of these projects may use forms and
units that are common. You would place these files into the CommonFiles directory.
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Organization is crucial in your development efforts, especially in a team development environ-
ment. It’s highly recommended that you establish a standard before your team dives into creat-
ing a bunch of files that are going to be difficult to manage. You can use the Delphi Project
Manager to help you understand your project-management structure.

The Framework Classes of a Delphi 5 Project

Most Delphi 5 applications have at least one instance of a TForm class. Also, Delphi 5 VCL
applications will have only one instance of a TApplication class and a TScreen class. These
three classes play important roles in managing the behavior of a Delphi 5 project. The follow-
ing sections familiarize you with the roles of these classes so that you have the knowledge to
modify their default behaviors when necessary.

The TForm Class

The TForm class is the focal point for Delphi 5 applications. In most cases, the entire applica-
tion revolves around the main form. From the main form, you can launch other forms, usually
as a result of a menu or button-click event. You might want Delphi 5 to create your forms auto-
matically, in which case you don’t have to worry about creating and destroying them. You may
also choose to create the forms dynamically at runtime.

NoTE

Delphi can create applications that don’t use forms (for example, console apps, ser-
vices, and COM servers). Therefore, the TForm class is not always the focal point of
your applications.

You can display the form to the end user by using one of two methods: modal or modeless.
The method you choose depends on how you intend the user to interact with the form and
other forms concurrently.

Displaying a Modal Form
A modal form is displayed so that the user can’t access the rest of the application until he or
she has dismissed the form. Modal forms are typically associated with dialog boxes, much like
the dialog boxes in Delphi 5 itself. In fact, you’ll probably use modal forms in most cases. To
display a form as modal, simply call its ShowModal () method. The following code shows how
you create an instance of a user-defined form, TModalForm, and then display it as a modal form:
Begin

/1 Create ModalForm instance

ModalForm := TModalForm.Create(Application);
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try
if ModalForm.ShowModal = mrOk then // Show form in modal state
{ do something }; /] Execute some code
finally
ModalForm.Free; // Free form instance
ModalForm := nil; // Set form variable to nil
end;
end;

This code shows how you would dynamically create an instance of TModalForm and assign it to
the variable ModalForm. It’s important to note that, if you create a form dynamically, you must
remove it from the list of available forms from the Auto-Create list box in the Project Options
dialog box. This dialog box is invoked by selecting Project, Options from the menu. If the form
instance is already created, however, you can show it as a modal form just by calling the
ShowModal () method. The surrounding code can be removed:
begin

if ModalForm.ShowModal = mrOk then // ModalForm is already created

{ do something }
end;

The ShowModal () method returns the value assigned to ModalForm’s ModalResult property. By
default, ModalResult is zero, which is the value of the predefined constant mrNone. When you
assign any nonzero value to ModalResult, the form is closed, and the assignment made to
ModalResult is passed back to the calling routine through the ShowModal () method.

Buttons have a ModalResult property. You can assign a value to this property that’s passed to
the form’s ModalResult property when the button is pressed. If this value is anything other
than mrNone, the form will close, and the value passed back from the ShowModal () method will
reflect that assigned to ModalResult.

You can also assign a value to the form’s ModalResult property at runtime:

begin
ModalForm.ModalResult := 100; // Assigning a value to ModalResult
// causing form to close.

end;

Table 4.1 shows the predefined ModalResult values.

TABLE 4.1 ModalResult Values?

Constant Value
mrNone 0
mrok idOk

mrCancel idCancel
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Constant Value
mrAbort idAbort
mrRetry idRetry
mrIgnore idIgnore
mrYes idYes
mrNo idNo
mrAll mrNo+1

Launching Modeless Forms
You can launch a modeless form by calling its Show () method. Calling a modeless form differs
from the modal method in that the user can switch between the modeless form and other forms
in the application. The intent of modeless forms is to allow users to work with different parts
of the application at the same time as the form is displayed. The following code shows how
you can dynamically create a modeless form:
Begin
// Check for an instance of modeless first

if not Assigned(Modeless) then

Modeless := TModeless.Create(Application); // Create form
Modeless.Show // Show form as non-modal
end; // instance already exists

This code also shows how you prevent multiple instances of one form class from being created.
Remember that a modeless form allows the user to interact with the rest of the application.
Therefore, nothing prevents the user from selecting the menu option again to create another
form instance of TModeless. It’s important that you manage the creation and destruction of
forms.

Here’s an important note about form instances: When you close a modeless form—either by
accessing the system menu or clicking the close button in the upper-right corner of the form—
the form isn’t actually freed from memory. The instance of the form still exists in memory
until you close the main form (that is, the application). In the preceding code example, the
then clause is executed only once, provided that the form is not autocreated. From that point
on, the else clause is executed because the form instance always exists from its previous cre-
ation. This is fine if that’s the way you want your application to function. However, if you want
the form to be freed whenever the user closes it, you must provide code for the OnClose event
handler for the form and set its Action parameter to caFree. This tells the VCL to free the
form when it’s closed:

procedure TModeless.FormClose(Sender: TObject;
var Action: TCloseAction);
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begin
Action := caFree; // Free the form instance when closed
end;

The preceding version of the code solves the issue of the form not being freed. There’s another
issue, however. You might have noticed that this line was used in the first snippet of code
showing modeless forms:

if not Assigned(Modeless) then begin

This line checks for an instance of TModeless referenced by the Modeless variable. Actually,
this really checks to see that Modeless is not nil. Although Modeless will be nil the first time
you enter the routine, it won’t be nil when you enter the routine a second time after having
destroyed the form. The reason is because the VCL doesn’t set the variable Modeless to nil
when it’s destroyed. Therefore, this is something you must do yourself.

Unlike with a modal form, you can’t determine in code when the modeless form will be
destroyed. Therefore, you can’t destroy the form inside the routine that creates it. The user can
close the form at any moment while running the application. Therefore, setting Modeless to
nil must be a process of the TModeless class itself. The best place to do this is in the
OnDestroy event handler for TModeless:

procedure TModeless.FormDestroy(Sender: TObject);
begin

Modeless := nil; // Set the Modeless variable to nil when destroyed
end;

This ensures that the Modeless variable is set to nil every time it’s destroyed, thus preventing
the Assigned() method from failing. Keep in mind that it’s up to you to ensure that only one
instance of TModeless is created at a time, as shown in this routine.

CAUTION

Avoid the following pitfall when working with modeless forms:

begin
Form1 := TFormi.Create(Application);
Form1.Show;

end;

This code results in memory unnecessarily being consumed because, each time you
create a form instance, you overwrite the previous instance referenced by Form1.
Although you could refer to each instance of the form created through the
Screen.Forms list, the practice shown in the preceding code is not recommended.
Passing nil to the Create () constructor will result in no way to refer to the form
instance pointer after the Form1 instance variable is overwritten.
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The project ModState.dpr on the accompanying CD-ROM illustrates using both modal and
modeless forms.

Managing a Form’s Icons and Borders

TForm has a BorderIcons property that’s a set that may contain the following values:
biSystemMenu, biMinimize, biMaximize, and biHelp. By setting any or all of these values to
False, you can remove the system menu, the maximize button, the minimize button and the
help button from the form. All forms have the Windows 95/98 close button.

You also can change the nonclient area of the form by changing the BorderStyle property. The
BorderStyle property is defined as follows:

TFormBorderStyle = (bsNone, bsSingle, bsSizeable, bsDialog,
whsSizeToolWin, bsToolWindow);

The BorderStyle property gives forms the following characteristics:

* bsDialog. Nonsizable border; close button only.
¢ bsNone. No border, nonsizable, and no buttons.

* bsSingle. Nonsizable border; all buttons available. If only one of the biMinimize and
biMaximize buttons is set to False, both buttons appear on the form. However, the but-
ton set to False is disabled. If both are False, neither button appears on the form. If
biSystemMenu is False, no buttons appear on the form.

e bsSizable. Sizable border. All buttons are available. The same circumstances exist for
this option regarding buttons as with the bsSingle setting.

* bsSizeToolWin. Sizable border. Close button only and small caption bar.

* bsToolWindow. Nonsizable border. Close button only and small caption bar.
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Changes to the BorderIcon and BorderStyle properties aren’t reflected at design
time. These changes happen at runtime only. This is also the case with other proper-
ties, most of which are found on TForm. The reason for this behavior is that it doesn’t
make sense to change the appearance of certain properties at design time. Take, for
example, the Visible property. It's difficult to select a control on the form when its
Visible property is set to False because the control is invisible.
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Sticky Captions!

You might have noticed that none of the options mentioned allow you to create cap-
tionless, resizable forms. Although this isn‘t impossible, doing so requires a bit of
trickery not yet covered. You must override the form’s CreateParams() method and
set the styles required for that window style. The following code snippet does this:

unit Nocapu;
interface
uses
SysUtils, WinTypes, WinProcs, Messages, Classes,
Graphics, Controls, Forms, Dialogs;
type
TForm1 = class(TForm)
public
{ override CreateParams method }
procedure CreateParams(var Params: TCreateParams); override;
end;
var
Formi: TFormi;
implementation
{$R *.DFM}
procedure TFormi.CreateParams(var Params: TCreateParams);
begin
inherited CreateParams(Params); { Call the inherited Params }
{ Set the style accordingly }
Params.Style := WS_THICKFRAME or WS_POPUP or WS_BORDER;
end;
end.

You'll learn more about the CreateParams () method in Chapter 21, “Writing Delphi
Custom Components.”

You can find an example of a sizable, borderless form in the project NoCaption.dpr
on the CD-ROM that accompanies this book. This demo also illustrates how to capture
the WM_NCHITTEST message to enable moving the form without the caption by drag-
ging the form.

Take a look at the BrdrIcon.dpr project on the CD-ROM. This project shows how you can
change the BorderIcon and BorderStyle property at runtime so that you see the visual effect.
Listing 4.2 shows the main form for this project, which contains the relevant code.

LisTING 4.2 The Main Form for the BorderStyle/BorderIcon Project

unit MainFrm;

interface
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uses
SysUtils, Windows, Messages, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls, ExtCtrls;

type
TMainForm = class(TForm)
gbBorderIcons: TGroupBox;
cbSystemMenu: TCheckBox;
cbMinimize: TCheckBox;
cbMaximize: TCheckBox;
rgBorderStyle: TRadioGroup;
cbHelp: TCheckBox;
procedure cbMinimizeClick(Sender: TObject);
procedure rgBorderStyleClick(Sender: TObject);
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

procedure TMainForm.cbMinimizeClick(Sender: TObject);

var
IconSet: TBorderIcons; // Temp variable to hold values.
begin
IconSet := []; // Initialize to an empty set

if cbSystemMenu.Checked then
IconSet := IconSet + [biSystemMenu]; // Add the biSystemMenu button
if cbMinimize.Checked then

IconSet := IconSet + [biMinimize]; // Add the biMinimize button
if cbMaximize.Checked then
IconSet := IconSet + [biMaximize]; // Add the biMaximize button

if cbHelp.Checked then
IconSet := IconSet + [biHelp];

BorderIcons := IconSet; // Assign result to the form's
end; // BorderIcons property.

procedure TMainForm.rgBorderStyleClick(Sender: TObject);
begin

BorderStyle := TBorderStyle(rgBorderStyle.ItemIndex);
end;

end.

CHAPTER 4
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Some properties in the Object Inspector affect the appearance of your form; others

define behavioral aspects for your form. Experiment with each property that’s unfa-
miliar. If you need to know more about a property, use the Delphi 5 help system to

find additional information.

Form Reusability: Visual Form Inheritance

A useful feature of Delphi 5 is a concept known as visual form inheritance. In the first version
of Delphi, you could create a form and save it as a template, but you didn’t have the advantage
of true inheritance (the capability to access the ancestor form’s components, methods, and
properties). By using inheritance, all descendant forms share the same code as their ancestor.
The only overhead involves the methods you add to your descendant forms. Therefore, you
also gain the advantage of reducing your application’s overall footprint. Another advantage is
that changes made to the ancestor code are also applied to its descendants.

The Object Repository

Delphi 5 has a project-management feature that allows programmers to share forms,
dialog boxes, data modules, and project templates. This feature is called the Object
Repository. By using the Object Repository, developers can share the various objects
listed with developers of other projects. Additionally, the Object Repository allows
developers to maximize code reuse by allowing them to inherit their objects from
objects that exist in the Object Repository. Chapter 4 of the Delphi 5 User’s Guide covers
the Object Repository. It's a good idea to become familiar with this powerful feature.

Tip

In a network environment, you might want to share form templates with other pro-
grammers. This is possible by creating a shared repository. In the Environment
Options dialog box (select Tools, Environment Options), you can specify the location
of a shared repository. Each programmer must map to the same drive that points to
this directory location. Then, whenever File, New is selected, Delphi will scan this
directory for any shared items in the repository.

Inheriting a form from another form is simple because it’s completely built into the Delphi 5
environment. To create a form that descends from another form definition, you simply select
File, New from Delphi’s main menu, which invokes the New Items dialog box. This dialog box
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actually gives you a view of the objects that exist in the Object Repository (see the sidebar
“The Object Repository”). You then select the Forms page, which lists the forms that have been
added to the Object Repository.

NoTE

You don’t have to go through the Object Repository to get form inheritance. You can
inherit from forms that are in your project. Select File, New and then select the
Project page. From there, you can select an existing form in your project. Forms
shown in the Project page are not in the Object Repository.

The various forms listed are those that have been added previously to the Object Repository.
You’ll notice that there are three options for how to include the form in your project: Copy,
Inherit, and Use.

Choosing Copy adds an exact duplicate of the form to your project. If the form kept in the
Object Repository is modified, this won’t affect your copied form.

Choosing Inherit causes a new form class derived from the form you selected to be added to
your project. This powerful feature allows you to inherit from the class in the Object
Repository so that changes made to the Object Repository’s form are reflected by the form in
your project as well. This is the option that most developers ought to select.

Choosing Use causes the form to be added to your project as if you had created it as part of the
project. Changes you make to the item at design time will appear in all projects that also use
the form and any projects that inherit from the form.

The TApplication Class

Every form-based Delphi 5 program contains a global variable, Application, of the type
TApplication. TApplication encapsulates your program and performs many behind-the-
scenes functions that enable your application to work correctly within the Windows environ-
ment. These functions include creating your window class definition, creating the main
window for your application, activating your application, processing messages, adding context-
sensitive help, processing menu accelerator keys, and handling VCL exceptions.

NoTE

Only form-based Delphi applications contain the global Application object.
Applications such as console apps don’t contain a VCL Application object.
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You typically won’t have to be concerned about the background tasks that TApplication per-
forms. However, some situations might necessitate that you delve into the inner workings of
TApplication.

Because TApplication doesn’t appear in the Object Inspector, you can’t modify its properties
there. However, you can choose Project, Options and select the Application page, from which
you can set some of the properties for TApplication. Mostly, you work with the
TApplication instance, Application, at runtime—that is, you set its property values and
assign event handlers to Application when the program is running.

TApplication’s Properties

TApplication has several properties that you can access at runtime. The following sections
discuss some of the properties specific to TApplication and how you can use them to change
the default behavior of Application to enhance your project. TApplication’s properties are
also well documented in the Delphi 5 online help.

The TApplication.ExeName Property

The ExeName property of Application holds the full path and filename for the project. Because
this is a runtime, read-only property, you can’t modify it. However, you can read it—or even
let your users know where they ran the application from. For example, the following line of
code changes a main form’s caption to the contents of ExeName:

Application.MainForm.Caption := Application.ExeName;

Tip

Use the ExtractFileName () function to retrieve the filename from a string contain-
ing the full path of a file:

ShowMessage (ExtractFileName (Application.ExeName));

Use ExtractFilePath() to retrieve the path of a full path string:
ShowMessage (ExtractFilePath(Application.ExeName));

Finally, use ExtractFileExt () to extract the extension of a filename:
ShowMessage (ExtractFileExt (Application.ExeName));

The TApplication.MainForm Property

In the preceding section, you saw how to access the MainForm property to change its Caption
to reflect the ExeName for the application. MainForm points to a TForm so that you can access
any TForm property through MainForm. You can also access properties that you add to your
descendant forms, as long as you typecast MainForm accordingly:

(MainForm as TFormi).SongTitle := 'The Flood';
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MainForm is a read-only property. You can specify which form in your application is the main
form at design time by using the Forms page in the Project Options dialog box.

The TApplication.Handle Property

The Handle property is an HWND (a window handle, in Win32 API terms). The window han-
dle is the owner of all top-level windows in your application. Handle is what makes modal dia-
log boxes modal over all windows of your application. You don’t have to access Handle that
often, unless you intend to take over the default behavior of the application in a way that isn’t
provided by Delphi. You may also refer to the Handle property when using Win32 API func-
tions requiring the application’s window handle. We’ll discuss Hand1le more later in the chapter.

The TApplication.lcon and TApplication.Title Properties

The Icon property holds the icon that represents the application when your project is mini-
mized. You can change the application’s icon by providing another icon and assigning it to
Application.Icon, as described in the later section “Adding Resources to Your Project.”

The text that appears next to the icon in the application’s task button on the Windows 95/98
taskbar is the application’s Title property. If you’re running Windows NT, this text appears
just underneath the icon. Changing the title of the task button is simple—just make a string
assignment to the Title property:

Application.Title := 'New Title';

Other Properties
The Active property is a read-only Boolean property that indicates whether the application has
focus and is active.

The ComponentCount property indicates the number of components that Application contains.
Mainly, these components are forms and a THintWindow instance if the Application.ShowHint
property is True. ComponentIndex is always -1 for any component that does not have an
owner. Therefore, TApplication.ComponentIndex is always -1. This property mainly applies
to forms and components on forms.

The Components property is an array of components that belong to the Application. There
will be TApplication.ComponentCount items in the Components array. The following code
shows how you would add the class names of all components referred to by ComponentCount
to a TListBox component:

var
i: integer;

begin
for i := @ to Application.ComponentCount - 1 do

ListBox1.Items.Add(Application.Components[i].ClassName);
end;
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The HelpFile property contains the Windows help filename, which enables you to add online
help to your application. It’s used by TApplication.HelpContext and other help invocation
methods.

The TApplication.Owner property is always nil because TApplication can’t be owned by
any other component.

The ShowHint property enables or disables the display of hints for the entire application. The
Application.ShowHint property overrides the values of any other component’s ShowHint
property. Therefore, if Application.ShowHint is False, hints are not displayed for any com-
ponent.

The Terminated property is True whenever the application has been terminated by closing the
main form or by calling the TApplication.Terminate() method.

TApplication’s Methods

TApplication has several methods with which you should be familiar. The following sections
discuss some of the methods specific to TApplication.

The TApplication.CreateForm() Method

The TApplication.CreateForm() method is defined as follows:
procedure CreateForm(InstanceClass: TComponentClass; var Reference)

This method creates an instance of a form with the type specified by InstanceClass and
assigns that instance to the Reference variable. Earlier, you saw how this method was called in
the project’s DPR file. The code had the following line, which creates the instance of Form1 of
type TForm1:

Application.CreateForm(TForm1, Form1);

The line would have been created automatically by Delphi 5 if Form1 appeared in the project’s
Auto-Create list. However, you can call this method elsewhere in your code if you’re creating a
form that doesn’t appear in the Auto-Create list (in which case the form’s instance wouldn’t
have been created automatically). This approach doesn’t differ much from calling the form’s
own Create () method, except that TApplication.CreateForm() checks to see whether the
TApplication.MainForm property is nil; if so, CreateForm() assigns the newly created form
to Application.MainForm. Subsequent calls to CreateForm() don’t affect this assignment.
Typically, you don’t call CreateForm(); you use a form’s Create () method instead.

The TApplication.HandleException() Method

The HandleException () method is where the TApplication instance displays information
about exceptions that occur in your project. This information is displayed with a standard
exception message box defined by VCL. You can override this message box by attaching an
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event handler to the Application.OnException event, as shown in the later section
“Overriding the Application’s Exception Handling.”

TApplication’s HelpCommand(), HelpContext(),

and HelpJump() Methods

The HelpCommand (), HelpContext (), and HelpJump () methods each provide a way for you to
interface your projects with the Windows help system provided by the WINHELP . EXE program
that ships with Windows. HelpCommand () allows you to call any of the WinHelp macro com-
mands and macros defined in your help file. HelpContext () allows you to launch a help page
in the help file specified by the TApplication.HelpFile property. The page displayed is based
on the value of the Context parameter passed to HelpContext(). HelpJump() is much like
HelpContext (), except that it takes a JumpID string parameter.

The TApplication.ProcessMessages() Method

ProcessMessages () causes your application to actively go get any messages that are waiting
for it and then process them. This is useful when you have to perform a process within a tight
loop and you don’t want your code to prevent you from executing other code (such as process-
ing an abort button). In contrast, TApplication.HandleMessages() puts the application into an
idle state if there are no messages, whereas ProcessMessages () won’t put it in an idle state.
The ProcessMessages () method is used in Chapter 10, “Printing in Delphi 5.”

The TApplication.Run() Method

Delphi 5 automatically places the Run () method within the project file’s main block. You never
have to call this method yourself, but you should know where it goes and what it does in case
you ever have to modify the project file. Basically, TApplication.Run() first sets up an exit
procedure for the project, which ensures that all components are freed when the project ends. It
then enters a loop that calls the methods to process messages for the project until the applica-
tion is terminated.

The TApplication.ShowException() Method

The ShowException() method simply takes an exception class as a parameter and displays a
message box with information about that exception. This method comes in handy if you're
overriding the Application’s exception handling method, as shown in the later section
“Overriding the Application’s Exception Handling.”

Other Methods

TApplication.Create() creates the TApplication instance. This method is called internally
by Delphi 5; you should never call it.

TApplication.Destroy () destroys the TApplication instance. This method is called inter-
nally by Delphi 5. You should never call this method.
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TApplication.MessageBox () allows you to display a Windows message box. However, this
method doesn’t require that you pass a window’s handle, as the Windows MessageBox () func-
tion does.

TApplication.Minimize () places your application in a minimized state.

TApplication.Restore() restores your application to its previous size from a minimized or
maximized state.

TApplication.Terminate() terminates the execution of your application. Terminate is an
indirect call to PostQuitMessage, resulting in a graceful shutdown of the application (unlike
Halt()).

NoTE

Use the TApplication.Terminate() method to halt an application. Terminate () calls
the Windows API function PostQuitMessage (), which posts a message to your appli-
cation’s message queue. VCL responds by properly freeing objects that have been cre-
ated in your application. The Terminate () method is a clean way to stop your
application’s process. It's important to note that your application does not terminate
at the call to Terminate (). Instead, it continues to run until the application returns to
its message queue and retrieves the WM_QUIT message. Halt (), on the other hand,
forcibly terminates your application without freeing any objects or shutting down
gracefully. Execution does not return from a call to Halt().

TApplication’s Events

TApplication has several events to which you can add event handlers. In past versions of
Delphi, these events were not accessible from the Object Inspector (for example, the events for
the form or components on the Component Palette). You had to add an event handler to the
Application variable by first defining the handler as a method and then assigning that method
to the handler at runtime. Delphi 5 adds a new component to the Additional page of the
Component Palette—TApplicationEvents. This component allows you to assign event han-
dlers at design time to the global Application instance. Table 4.2 lists the events associated
with TApplication.

TABLE 4.2 TApplication and TApplicationEvents Events

Event Description

OnActivate Occurs when the application becomes active; OnDeactivate occurs when
the application stops being active (for example, when you switch to another
application).
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Event

Description

OnException

OnHelp

OnMessage

OnHint

OnIdle

Occurs when an unhandled exception has occurred; you can add default
processing for unhandled exceptions. OnException occurs if the exception
makes it all the way up to the application object. Normally, you should
allow exceptions to be handled by the default exception handler and not
trapped by Application.OnException or lower code. If you must trap
an exception, reraise it and make sure that the exception instance carries a
full description of the situation so that the default exception handler can
present useful information.

Occurs for any invocation of the help system, such as when F1 is pressed or
when the following methods are called: HelpCommand (),
HelpContext (), and HelpJump().

Enables you to process messages before they’re dispatched to their intended
controls. OnMessage gets to peek at all messages posted to all controls in
the application. Exercise caution when using OnMessage because it could
result in a bottleneck.

Enables you to display hints associated with controls when the mouse is
positioned over the control. An example of this is a status line hint.

Occurs when the application is switched into an idle state. OnIdle is not
called continuously. Once in the idle state, an application will not wake up
until it receives a message.

You work more with TApplication later in this chapter as well as in other projects in other

chapters.

NoOTE

The TApplication.OnIdle event provides a handy way to perform certain processing
when no user interaction is occurring. One common use for the OnIdle event handler
is to update menus and speedbuttons based on the status of the application.

The TScreen Class

The TScreen class simply encapsulates the state of the screen on which your applications runs.
TScreen is not a component that you add to your Delphi 5 forms, nor do you create it dynami-
cally during runtime. Delphi 5 automatically creates a TScreen global variable called Screen,

which you can access from within your application. The TScreen class contains several proper-
ties that you’ll find useful. These properties are listed in Table 4.3.
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TABLE 4.3 TScreen Properties

Property Meaning

ActiveControl A read-only property that indicates which control on the screen has cur-
rent focus. As focus shifts from one control to another, ActiveControl
is assigned the newly focused control before the OnExit event of the
control losing focus finishes.

ActiveForm Indicates the form that has focus. This property is set when another form
switches focus or when the Delphi 5 application gains focus from
another application.

Cursor The cursor shape that’s global to the application. By default, this is set
to crDefault. Each windowed component has its own Cursor prop-
erty that may be modified. However, when the cursor is set to something
other than crDefault, all other controls reflect that change until
Screen.Cursor is set back to crDefault. Another way to look at this
is Screen.Cursor = crDefault means “ask the control under the
mouse what cursor should be displayed.” Screen.Cursor <>
crDefault means “don’t ask.”

Cursors A list of all cursors available to the screen device.

DataModules A list of all data modules belonging to the application.

DataModuleCount The number of data modules belonging to the application.

FormCount The number of available forms in the application.

Forms A list of forms available to the application.

Fonts A list of font names available to the screen device.

Height The height of the screen device in pixels.

PixelsPerInch Indicates the relative scale of the system font.

width The width of the screen device in pixels.

Defining a Common Architecture:
Using the Object Repository

Delphi makes it so easy to develop applications that you can get 60 percent into your applica-
tion development before you realize that you should have spent more time up front on applica-
tion architecture. A common problem with development is that developers are too anxious to
get coding before spending the appropriate time really thinking about application design. This
alone is one of the biggest contributors to project failure.
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Thoughts on Application Architecture

This is not a book on architecture or object-oriented analysis and design. However, we strongly
feel that this is one of the most important aspects of application development in addition to
requirements, detail design, and everything else that constitutes the initial 80 percent of a prod-
uct before coding begins. We’ve listed some of our favorite references on topics such as object-
oriented analysis in Appendix C, “Suggested Reading.” It would be to your best interest to
research this topic thoroughly before you roll your sleeves up and start coding.

Here are a few examples of the many issues that come into play when considering application
architecture:

* Does the architecture support code reuse?

* Is the system organized so that modules, objects, and so on are localized?

e Can changes more easily be made to the architecture?

* Are the user interface and back end localized so that either can be replaced?

* Does the architecture support a team development effort? In other words, can team mem-
bers easily work on separate modules without overlap?

These are just a few of the things to consider during development.

Volumes have been written on this topic alone, so we won’t attempt to compete with that infor-
mation. We do, however, hope that we’ve sparked your interest enough to make you learn
about it if you aren’t already an architecture guru. The following sections illustrate a simple
method of architecting a common Ul for a database application and how Delphi can help you
do that.

Delphi’s Inherent Architecture

You’ll often hear that you don’t have to be a component writer to be a Delphi developer.
Although true, it’s also true that if you’re a component writer, you’re a much better Delphi
developer.

This is because component writers clearly understand the object model and architecture that
Delphi applications inherit just by being Delphi applications. This means that component writ-
ers are better equipped to take advantage of this powerful and flexible model in their own
applications. In fact, you’ve probably already heard that Delphi is written in Delphi. Delphi is
an example of an application written with the same inherent architecture that your applications
can also use.

Even if you don’t intend to write components, you’ll be better off if you learn it anyway.
Become thoroughly knowledgeable of the VCL and the Object Pascal model as well as of the
Win32 operating system.
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An Architecture Example

To demonstrate the power of form inheritance as well as the use of the Object Repository,
we’re going to define a common application architecture. The issues we’re focusing on are
code reusability, flexibility for change, consistency, and facility for team development.

The form class hierarchy, or rather, framework, consists of forms to be used specifically for
database applications. These forms are typical of most database applications. The forms should
be aware of the state of the database operation (edit, add, or browse). They should also contain
the common controls used in performing these operations on a database table, such as a toolbar
and status bar whose displays and controls change according to the form’s state. Additionally,
they should provide an event that can be invoked whenever the form mode changes.

This framework should also enable a team to work on isolated parts of an application without
requiring the entire application’s source code. Otherwise, there’s the likelihood that different
programmers would modify the same files.

For now, this framework’s hierarchy will contain three levels. This will be expanded on later in
the book.

Table 4.4 describes the purpose of each form in the framework.

TABLE 4.4 Database Form Framework

Form Class Purpose

TChildForm = class(TForm) Provides the capability to be inserted as a child to
another window

TDBModeForm = class(TChildForm) Is aware of a database state (browse, insert, edit)
and contains an event to be invoked upon state
change

TDBNavStatForm = class(TDBBaseForm) Typical database entry form that’s aware of its state
and contains the standard navigation bar and status
bar to be used by all database applications

The Child Form (TChildForm)

TChildForm is a base class for forms that can be launched as independent modal and modeless
forms and can become child windows to any other window.

This capability makes it easy for a team of developers to work on separate pieces of an appli-
cation apart from the overall application. It also provides a nice UI feature in that the user can
launch a form as a separate entity in an application, even though that might not be the normal
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method of interacting with that form. Listing 4.3 is the source for TChildForm. You’ll find this
and all the other forms to be placed in the Object Repository in the \Code directory on the CD-
ROM.

LisTING 4.3 TChildForm Source

unit ChildFrm;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls, ExtCtrls, Menus;

type

TChildForm = class(TForm)
private
FAsChild: Boolean;
FTempParent: TWinControl;
protected
procedure CreateParams(var Params: TCreateParams); override;
procedure Loaded; override;
public
constructor Create(AOwner: TComponent); overload; override;
constructor Create(AOwner: TComponent;
AParent: TWinControl); reintroduce; overload;

// The method below must be overridden to return either the main menu
// of the form, or nil.
function GetFormMenu: TMainMenu; virtual; abstract;
function CanChange: Boolean; virtual;
end;

implementation

{$R *.DFM}
constructor TChildForm.Create(AOwner: TComponent);
begin
FAsChild := False;
inherited Create(AOwner);
end;

constructor TChildForm.Create(AOwner: TComponent; AParent: TWinControl);
begin
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FAsChild := True;

FTempParent := aParent;
inherited Create(AOwner);
end;

procedure TChildForm.Loaded;
begin
inherited;
if FAsChild then
begin
align := alClient;
BorderStyle := bsNone;

BorderIcons := [];

Parent := FTempParent;

Position := poDefault;
end;

end;

procedure TChildForm.CreateParams(var Params: TCreateParams);
Begin
Inherited CreateParams(Params);
if FAsChild then
Params.Style := Params.Style or WS_CHILD;
end;

function TChildForm.CanChange: Boolean;
begin

Result := True;
end;

end.

This listing demonstrates a couple of techniques. First, it shows how to use the overload exten-
sions to the Object Pascal language, and second, it shows how to make a form a child of
another window.

Providing a Second Constructor

You’ll notice that we’ve declared two constructors for this child form. The first constructor
declared is used when the form is created as a normal form. This is the constructor with one
parameter. The second constructor, which takes two parameters, is declared as an overloaded
constructor. You would use this constructor to create the form as a child window. The parent to
the form gets passed as the AParent parameter. Notice that we’ve used the reintroduce direc-
tive to suppress the warning about hiding the virtual constructor.
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The first constructor simply sets the FAsChild variable to False to ensure that the form is cre-
ated normally. The second constructor sets the value to True and sets FTempParent to the
AParent parameter. This value is used later as the parent of the child form in the Loaded ()
method.

Making a Form a Child Window

To make a form a child window, there are a few things you need to do. First, you have to make
sure that various property settings have been set, which you’ll see is done programmatically in
TChildForm.Loaded(). In Listing 4.3, we ensure that when the form becomes a child it doesn’t
look like a dialog box. We do this by removing the border and any border icons. We also make
sure that the form is client-aligned and set the parent to the window referred to by the
FTempParent variable. If this form were going to be used as a child only, we could have made
these settings at design time. However, this form will also be launched as a normal form, so we
set these properties only if the FAsChild variable is True.

‘We also have to override the CreateParams () method to tell Windows to create the form as a
child window. We do this by setting the WS_CHILD style in the Params.Style property.

This base form is not restricted to a database application. In fact, you can use it for any form
that you want to have child window capabilities. You’ll find a demo of this child form being
used as both a normal form and as a child form in the ChildTest.dpr project found in the
\Form Framework directory on the CD-ROM.
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Delphi 5 introduces frames to the VCL. Frames work so that they can be embedded
within a form. Because frames serve as containers for components, they function
much like the child form shown previously. We'll discuss frames in more detail
momentarily.

The Database Base Mode Form (TDBModeForm)

TDBModeForm is a descendant of TChildForm. Its purpose is to be aware of the state of a table
(browse, insert, and edit). This form also provides an event that occurs whenever the mode is
changed.

Listing 4.4. shows the source code for TDBModeForm.
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LisTING 4.4 TDBModeForm

unit DBModeFrm;

interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
CHILDFRM;

type

TFormMode = (fmBrowse, fmInsert, fmEdit);

TDBModeForm = class(TChildForm)

private
FFormMode : TFormMode;
FOnSetFormMode : TNotifyEvent;
protected

procedure SetFormMode(AValue: TFormMode); virtual;
function GetFormMode: TFormMode; virtual;
public
property FormMode: TFormMode read GetFormMode write SetFormMode;
published
property OnSetFormMode: TNotifyEvent read FOnSetFormMode
write FOnSetFormMode;

end;

var
DBModeForm: TDBModeForm;

implementation
{$R *.DFM}

procedure TDBModeForm.SetFormMode (AValue: TFormMode);
begin
FFormMode := AValue;
if Assigned(FOnSetFormMode) then
FOnSetFormMode (self);
end;

function TDBModeForm.GetFormMode: TFormMode;
begin

Result := FFormMode;
end;

end.
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The implementation of TDBModeForm is straightforward. Although we’re using some techniques
we haven’t yet discussed, you should be able to follow what’s happening here. First, we just
defined the enumerated type, TFormMode, to represent the form’s state. Then we provided the
FormMode property and its read and write methods. The technique for creating the property and
read/write methods is discussed further in Chapter 21, “Writing Delphi Custom Components.”

A demo using TDBModeForm is in the project FormModeTest.DPR found in the \Form Framework
directory on the CD-ROM.

The Database Navigation/Status Form (TDBNavStatForm)

TDBNavStatForm brings the bulk of the functionality of this framework. This form contains the
common set of components to be used in our database applications. In particular, it has a navi-
gation bar and status bar that automatically change based on the form’s state. For example,
you’ll see that the Accept and Cancel buttons are initially disabled when the form is in the state
of fsBrowse. However, when the user places the form in the fsInsert or fsEdit state, the but-
tons become enabled. The status bar also displays the state the form is in.

Listing 4.5 shows the source code for TDBNavStatForm. Notice that we’ve eliminated the com-
ponent list from the listing. You’ll see these if you load the demo project for this form.

LisTING 4.5 TDBNavStatForm

unit DBNavStatFrm;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
DBMODEFRM, ComCtrls, ToolWin, Menus, ExtCtrls, ImgList;

type
TDBNavStatForm = class(TDBModeForm)
{ components not included in listing. }
procedure sbAcceptClick(Sender: TObject);
procedure sbInsertClick(Sender: TObject);
procedure sbEditClick(Sender: TObject);
private
{ Private declarations }
protected
procedure Setbuttons; virtual;
procedure SetStatusBar; virtual;
procedure SetFormMode (AValue: TFormMode); override;
public

continues
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LisTING 4.5 Continued

constructor Create(AOwner: TComponent); overload; override;
constructor Create(AOwner: TComponent; AParent: TWinControl); overload;
procedure SetToolBarParent(AParent: TWinControl);
procedure SetStatusBarParent(AParent: TWinControl);
end;

var
DBNavStatForm: TDBNavStatForm;

implementation
{$R *.DFM}
{ TDBModeForm3 }
procedure TDBNavStatForm.SetFormMode (AValue: TFormMode);
begin
inherited SetFormMode (AValue);
SetButtons;
SetStatusBar;
end;

procedure TDBNavStatForm.Setbuttons;

procedure SetBrowseButtons;

begin
sbAccept.Enabled := False;
sbCancel.Enabled := False;
sbInsert.Enabled := True;
sbDelete.Enabled := True;
sbEdit.Enabled := True;
sbFind.Enabled := True;
sbBrowse.Enabled := True;
sbFirst.Enabled = True ;
sbPrev.Enabled = True ;
sbNext.Enabled := True ;
sbLast.Enabled := True ;

end;

procedure SetInsertButtons;
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begin
sbAccept.Enabled := True;
sbCancel.Enabled := True;
sbInsert.Enabled := False;
sbDelete.Enabled := False;
sbEdit.Enabled := False;
sbFind.Enabled := False;
sbBrowse.Enabled := False;
sbFirst.Enabled := False;
sbPrev.Enabled := False;
sbNext.Enabled := False;
sbLast.Enabled := False;

end;

procedure SetEditButtons;

begin
sbAccept.Enabled = True;
sbCancel.Enabled := True;
sbInsert.Enabled := False;
sbDelete.Enabled := False;
sbEdit.Enabled := False;
sbFind.Enabled := False;
sbBrowse.Enabled := True;
sbFirst.Enabled := False;
sbPrev.Enabled := False;
sbNext.Enabled := False;
sbLast.Enabled := False;

end;

begin

case FormMode of
fmBrowse: SetBrowseButtons;
fmInsert: SetInsertButtons;
fmEdit: SetEditButtons;

end; { case }

end;

procedure TDBNavStatForm.SetStatusBar;

begin

CHAPTER 4

continues
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LisTING 4.5 Continued

case FormMode of

fmBrowse: stbStatusBar.Panels[1].Text

fmInsert: stbStatusBar.Panels[1].Text

fmEdit: stbStatusBar.Panels[1].Text
end;

mmiInsert.Enabled
mmiEdit.Enabled

mmiDelete.Enabled
mmiCancel.Enabled

sbInsert.Enabled;
sbEdit.Enabled;

sbDelete.Enabled;
sbCancel.Enabled;

mmiFind.Enabled := sbFind.Enabled;
mmiNext.Enabled := sbNext.Enabled;
mmiPrevious.Enabled := sbPrev.Enabled;
mmiFirst.Enabled := sbFirst.Enabled;
mmilLast.Enabled := shblLast.Enabled;

end;

:= 'Browsing';
"Inserting';
'"Edit';

procedure TDBNavStatForm.sbAcceptClick(Sender: TObject);

begin
inherited;
FormMode
end;

:= fmBrowse;

procedure TDBNavStatForm.sbInsertClick(Sender: TObject);

begin

inherited;

FormMode := fmInsert;
end;

procedure TDBNavStatForm.sbEditClick(Sender: TObject);

begin

inherited;

FormMode := fmEdit;
end;

constructor TDBNavStatForm.Create (AOwner:
begin

inherited Create(AOwner);

FormMode := fmBrowse;
end;

constructor TDBNavStatForm.Create (AOwner:

TComponent) ;

TComponent; AParent:

TWinControl);



Application Frameworks and Design Concepts

CHAPTER 4

begin
inherited Create(AOwner, AParent);
FormMode := fmBrowse;

end;

procedure TDBNavStatForm.SetStatusBarParent(AParent: TWinControl);
begin

stbStatusBar.Parent := AParent;
end;

procedure TDBNavStatForm.SetToolBarParent(AParent: TWinControl);
begin

tlbNavigationBar.Parent := AParent;
end;

end.

The event handlers for the various TToolButton components basically set the form to its
appropriate state. This, in turn, invokes the SetFormMode () methods, which we’ve overridden
to call the SetButtons() and SetStatusBar () methods. SetButtons() enables or disables the
buttons accordingly based on the form’s mode.

You’ll notice that we’ve also provided two procedures to change the parent of the TToolBar
and TStatusBar components on the form. This functionality is provided so that when the form
is invoked as a child window, we can set the parent of these components to the main form.
When you run the demo provided in the \Form Framework directory on the CD-ROM, you’ll
see why this makes sense.

As stated earlier, TDBNavStatForm inherits the functionality to be an independent form as well
as a child window. The demo invokes an instance of TDBNavStatForm with the following code:

procedure TMainForm.btnNormalClick(Sender: TObject);

var
LocalNavStatForm: TNavStatForm;
begin
LocalNavStatForm := TNavStatForm.Create(Application);
try
LocalNavStatForm.ShowModal;
finally
LocalNavStatForm.Free;
end;
end;

The following code shows how to invoke the form as a child window:

procedure TMainForm.btnAsChildClick(Sender: TObject);
begin
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if not Assigned(FNavStatForm) then

begin
FNavStatForm := TNavStatForm.Create(Application, pnlParent);
FNavStatForm.SetToolBarParent(self);
FNavStatForm.SetStatusBarParent(self);
mmMainMenu.Merge (FNavStatForm.mmFormMenu) ;
FNavStatForm.Show;
pnlParent.Height := pnlParent.Height - 1;

end;

end;

This code not only invokes the form as a child to the TPanel component, pnlParent, but also
sets the form’s TToolBar and TStatusBar components to reside on the main form.
Additionally, notice the call to TMainForm.mmMainMenu.Merge (). This allows us to merge any
menus that reside on the TDBNavStatForm instance with MainForm’s main menu. Naturally,
when we free the TDBNavStatForm instance, we must also make a call to
TMainForm.mmMainMenu.UnMerge (), as shown in the following code:

procedure TMainForm.btnFreeChildClick(Sender: TObject);
begin
if Assigned(FNavStatForm) then
begin
mmMainMenu.UnMerge (FNavStatForm.mmFormMenu) ;
FNavStatForm.Free;
FNavStatForm := nil;
end;
end;

Take a look at the demo provided on the CD-ROM. Figure 4.1 shows this project with both the
child form and independent TDBNavStatForm instances created. Notice that we’ve placed a
TImage component on the form to better display the form as a child. Figure 4.1 shows how we
use the same child form (the one with the picture) as both an embedded window and as a sepa-
rate form.

Later, we’ll use and expand on this same framework to create a fully functional database appli-
cation.

Using Frames in Application Framework Design

Delphi 5 now has frames. They allow you to create component containers that may be embed-
ded within another form. This is similar to what we’ve already demonstrated using
TChildForm. Frames, however, allow you to manipulate your component containers at design
time and to add them to the Component Palette so that they may be reused. Listing 4.6 shows
the main form for a project similar to the child form demo, except that it uses frames.
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FIGURE 4.1

TDBNavStatForm as a normal form and as a child window.

LisTING 4.6 Frames Demo

CHAPTER 4

unit MainFrm;
interface

uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,

StdCtrls, ExtCtrls;

type
TMainForm = class(TForm)
spltrMain: TSplitter;
pnlParent: TPanel;
pnlMain: TPanel;
btnFrame1: TButton;
btnFrame2: TButton;

procedure btnFrameiClick(Sender:
procedure btnFrame2Click(Sender:

private
{ Private declarations }
FFrame: TFrame;

public

TObject);
TObject);

continues
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LisTING 4.6 Continued

{ Public declarations }
end;

var
MainForm: TMainForm;

implementation
uses FrameilFram, Frame2Fram;

{$R *.DFM}

procedure TMainForm.btnFrameiClick(Sender:

begin
if FFrame <> nil then
FFrame.Free;

FFrame := TFramel.Create(pnlParent);
FFrame.Align := alClient;
FFrame.Parent := pnlParent;

end;

procedure TMainForm.btnFrame2Click (Sender:

begin
if FFrame <> nil then
FFrame.Free;

FFrame := TFrame2.Create(pnlParent);
FFrame.Align := alClient;
FFrame.Parent := pnlParent;

end;

end.

TObject);

TObject);

In Listing 4.6, we show a main form that contains two panes made up of two separate panels.
The panel on the right will serve to hold our frame. We’ve defined two separate frames. The
private field, FFrame, is a reference to a TFrame class. Since, both our frames descend directly
from TFrame, FFrame can refer to both our TFrame descendants. The two buttons on the main
form each create a different TFrame and assign it to FFrame. The effect is the same as with
TChildForm. The demo FrameDemo.dpr is located on the accompanying CD-ROM.

Miscellaneous Project Management Routines

The projects that follow are a series of project-management routines that have been helpful to

many Delphi 5 developers.
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Adding Resources to Your Project

Earlier, you learned that the RES file is the resource file for your application. You also learned
what Windows resources are. You can add resources to your applications by creating a separate
RES file to store your bitmaps, icons, cursors, and so on.

You must use a resource editor to build an RES file. After you create your RES file, you sim-
ply link it to your application by placing this statement in the application’s DPR file:

{$R MYFILE.RES}

This statement can be placed directly under the following statement, which links the resource
file with the same name as the project file to your project:

{$R *.RES}

If you’ve done this correctly, you can then load resources from the RES file by using the
TBitmap.LoadFromResourceName () or TBitmap.LoadFromResourceID() method. Listing 4.7
shows the technique for loading a bitmap, icon, and cursor from a resource (RES) file. You can
find this project, Resource.dpr, on the CD-ROM that accompanies this book. Notice that the
API functions used here—LoadIcon() and LoadCursor ()—are all documented in the
Windows API help.

NoTE

The Windows API provides a function called LoadBitmap () that loads a bitmap (as its
name implies). However, this function does not return a color palette and therefore
does not work for loading 256-color bitmaps. Use TBitmap.LoadFromResouceName () or
TBitmap.LoadFromResoucelID() instead.

LisTING 4.7 Examples of Loading Resources from an RES File

unit MainFrm;
interface
uses
Windows, Forms, Controls, Classes, StdCtrls, ExtCtrls;

const
crXHair = 1; // Declare a constant for the new cursor. This value
type // must be a positive number. or less than -20.

TMainForm = class(TForm)
imgBitmap: TImage;
btnChemicals: TButton;

continues
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LisTING 4.7 Continued

btnClear: TButton;

btnChangeIcon: TButton;

btnNewCursor: TButton;

btn0ldCursor: TButton;

btnO0ldIcon: TButton;

btnAthena: TButton;

procedure btnChemicalsClick(Sender: TObject);

procedure btnClearClick(Sender: TObject);

procedure btnChangeIconClick(Sender: TObject);

procedure btnNewCursorClick(Sender: TObject);

procedure btnOldCursorClick(Sender: TObject);

procedure btnOldIconClick(Sender: TObject);

procedure btnAthenaClick(Sender: TObject);
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

procedure TMainForm.btnChemicalsClick(Sender: TObject);
begin
{ Load the bitmap from the resource file. The bitmap must be
specified in all CAPS! }
imgBitmap.Picture.Bitmap.LoadFromResourceName (hInstance, 'CHEMICAL');
end;

procedure TMainForm.btnClearClick(Sender: TObject);
begin

imgBitmap.Picture.Assign(nil); // Clear the image
end;

procedure TMainForm.btnChangeIconClick(Sender: TObject);
begin
{ Load the icon from the resource file. The icon must be
specified in all CAPS! }
Application.Icon.Handle := LoadIcon(hInstance, 'SKYLINE');
end;

procedure TMainForm.btnNewCursorClick(Sender: TObject);

begin
{ Assign the new cursor to the Screen's Cursor array }
Screen.Cursors[crXHair] := LoadCursor(hInstance, 'XHAIR');

Screen.Cursor := crXHair; // Now change the cursor
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end;

procedure TMainForm.btnOldCursorClick(Sender: TObject);

begin
/] Change back to default cursor
Screen.Cursor := crDefault;

end;

procedure TMainForm.btnOldIconClick(Sender: TObject);
begin
{ Load the icon from the resource file. The icon must be
specified in all CAPS! }
Application.Icon.Handle := LoadIcon(hInstance, 'DELPHI');
end;

procedure TMainForm.btnAthenaClick(Sender: TObject);
begin
{ Load the bitmap from the resource file. The bitmap must be
specified in all CAPS! }
imgBitmap.Picture.Bitmap.LoadFromResourceName (hInstance, 'ATHENA');
end;

end.

Changing the Screen’s Cursor

Probably one of the most commonly used TScreen properties is the Cursor property, which
enables you to change the global cursor for the application. For example, the following code
changes the current cursor to an hourglass to indicate that users must wait while a lengthy
process executes:

Screen.Cursor := crHourGlass
{ Do some lengthy process }
Screen.Cursor := crDefault;

crHourGlass is a predefined constant that indexes into the Cursors array. There are other cur-
sor constants, such as crBeam and crSize. The existing cursor values range from 0 to -20
(crDefault to crHelp). Look in the online help for the Cursors property to see a list of all
available cursors. You can assign these values to Screen.Cursor when necessary.

You also can create your own cursors and add them to the Cursors property array. To do this,
you must first define a constant with a value that doesn’t conflict with the already-available

cursors. Predefined cursor values are from -20 to 0. Application cursors should only use posi-
tive ID numbers. All negative cursor ID numbers are reserved by Borland. Here’s an example:

crCrossHair := 1;
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You can use any resource editor (such as the Image Editor that ships with Delphi 5) to create
your custom cursor. You must save the cursor into a resource (RES) file. One important point:
You must give your RES file a different name than that of your project. Remember that Delphi
5 creates a RES file of the same name as your project whenever you compile your project. You
don’t want Delphi 5 to overwrite the cursor you create. When you compile your project, make
sure that the RES file is in the same directory as your source files so that Delphi 5 will link the
cursor resource with your application. You tell Delphi 5 to link the RES file by placing a state-
ment such as the following into the application’s DPR file:

{$R CrossHairRes.RES}

Finally, you must add the following lines of code to load the cursor, add it to the Cursors
property, and then switch to that cursor:

procedure TMainForm.FormCreate(Sender: TObject);

begin
Screen.Cursors[crCrossHair] := LoadCursor (hInstance, 'CROSSHAIR');
Screen.Cursor := crCrossHair;

end;

Here you use the LoadCursor () Win32 API function to load the cursor. LoadCursor() takes
two parameters: An instance handle to the module from which you want to get the cursor and
the name of the cursor as specified in the RES file. Make sure to write the cursor name in the
file in ALL CAPS!

hInstance refers to the application currently running. Next, assign the value returned from
LoadCursor() to the Cursors property at the location specified by crCrossHair, which was
previously defined. Finally, assign the current cursor to Screen.Cursor.

For an example, locate the project CrossHair.dpr on the CD-ROM. This project loads and
changes to the crosshair cursor created here and placed in the file CrossHairRes.res.

You might also want to invoke the Image Editor by selecting Tools, Image Editor and opening
the CrossHairRes.res file to see how the cursor was created.

Preventing Multiple Instances of a Form
from Being Created

If you use Application.CreateForm() or TForm.Create() in your code to create a form
instance, it’s a good idea to ensure that no instance of the form is being held by the Reference
parameter (as described in the earlier section “The TForm Class”). The following code fragment
shows this:
begin
if not Assigned(SomeForm) then begin
Application.CreateForm(TSomeForm, SomeForm);
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try
SomeForm.ShowModal;
finally
SomeForm.Free;
SomeForm := nil;
end;
end
else

SomeForm.ShowModal;
end;

In this code, it’s necessary to assign nil to the SomeForm variable after it has been destroyed.
Otherwise, the Assigned() method doesn’t function properly, and the method fails. This
wouldn’t work for a modeless form, however. With modeless forms, you can’t determine in
code when the form is going to be destroyed. Therefore, you must make the nil assignment
from within the OnDestroy event handler of the form being destroyed. This method was
described earlier in this chapter.

Adding Code to the DPR File

You can place code in the project’s DPR file before you launch your main form. Such code can
be initialization code, a splash screen, database initialization—anything you deem necessary
before the main form is displayed. You also have the opportunity to terminate the application
before the main form comes up. Listing 4.8 shows a DPR file that prompts the user for a pass-
word before granting access to the application. This project is also on the CD-ROM as
Initialize.dpr.

LisTING 4.8 The Initialize.dpr File, Showing Project Initialization

program Initialize;

uses
Forms,
Dialogs,
Controls,
MainFrm in 'MainFrm.pas' {MainForm};

{$R *.RES}
var
Password: String;
begin
if InputQuery('Password', 'Enter your password', PassWord) then

if Password = 'D5DG' then

continues
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LisTING 4.8 Continued

begin
// Other initialization routines can go here.
Application.CreateForm(TMainForm, MainForm);
Application.Run;

end
else
MessageD1lg('Incorrect Password, terminating program', mtError, [mbok],
0);
end.

Overriding the Application’s Exception Handling

The Win32 system has a powerful error-handling capability—exceptions. By default, whenever
an exception occurs in your project, the Application instance automatically handles that
exception by displaying to the user a standard error box.

As you build larger applications, you’ll start to define exception classes of your own. Perhaps
the Delphi 5 default exception handling will no longer suit your needs because you have to

perform special processing on a specific exception. In such cases, it will be necessary to over-
ride TApplication’s default exception handling and replace it with your own custom routine.

You saw that TApplication has an OnException event handler to which you can add code.
When an exception occurs, this event handler is called. There you can perform your special
processing so that the default exception message doesn’t show.

However, recall that the TApplication object’s properties aren’t editable from the Object
Inspector. Therefore, you must use the TApplicationEvents component to add specialized
exception handling to your application.

Listing 4.9 shows you what you need to do to override the application’s default exception han-
dling.

LisTING 4.9 Main Form for the Exception Override Demo

unit MainFrm;
interface
uses
SysUtils, Windows, Messages, Classes, Graphics, Controls,

Forms, Dialogs, StdCtrls, AppEvnts, Buttons;

type
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ENotSoBadError = class(Exception);
EBadError class(Exception);
ERealBadError class(Exception);

TMainForm = class(TForm)
btnNotSoBad: TButton;
btnBad: TButton;
btnRealBad: TButton;
appevnMain: TApplicationEvents;
procedure btnNotSoBadClick(Sender: TObject);
procedure btnBadClick(Sender: TObject);
procedure btnRealBadClick(Sender: TObject);
procedure appevnMainException(Sender: TObject; E: Exception);
public
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

procedure TMainForm.btnNotSoBadClick(Sender: TObject);
begin

raise ENotSoBadError.Create('This isn''t so bad!');
end;

procedure TMainForm.btnBadClick(Sender: TObject);
begin

raise EBadError.Create('This is bad!');
end;

procedure TMainForm.btnRealBadClick(Sender: TObject);
begin

raise ERealBadError.Create('This is real bad!');
end;

procedure TMainForm.appevnMainException(Sender: TObject; E: Exception);
var
rslt: Boolean;

begin
if E is EBadError then
begin
{ Show a custom message box and prompt for application termination. }
rslt := MessageDlg(Format('S%ss %s %s %s %s', ['An', E.ClassName,

continues
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LisTING 4.9 Continued

‘exception has occurred.', E.Message, 'Quit App?'l]),
mtError, [mbYes, mbNo], @) = mrYes;
if rslt then
Application.Terminate;
end
else if E is ERealBadError then
begin // Show a custom message
// and terminate the application.
MessageDlg(Format('%s %S %S %S %s', ['An', E.ClassName,
"exception has occured.', E.Message, 'Quitting Application']),
mtError, [mbOK], 0);
Application.Terminate;
end
else // Perform default exception handling
Application.ShowException(E);
end;

end.

In Listing 4.9, the appevnMainException() method is the OnException event handler to the
TApplicationEvent component. This event handler uses RTTI to check the type of exception
that occurred and performs special processing based on the exception type. The comments in
the code discuss the process. You’ll also find the project that uses these routines,
OnException.dpr, on the CD-ROM accompanying this book.

Tip

If the Stop on Delphi Exceptions check box is selected in the Language Exceptions
page of the Debugger Options dialog box (accessed by selecting Tools, Debugger
Options), Delphi 5's IDE debugger reports the exception in its own dialog box, before
your application has a chance to handle the exception. Although useful for debug-
ging, having this check box selected can be annoying when you want to see how your
project handles exceptions. Disable the option to make your project run normally.

Displaying a Splash Screen

Suppose you want to create a splash screen for your project. This form can display when you
launch your application and can stay visible while your application initializes. Displaying a
splash screen is actually simple. Here are the initial steps for creating a splash screen:
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1. After creating your application’s main form, create another form to represent the splash
screen. Call this form SplashForm.

2. Use the Project, Options menu to ensure that SplashForm is not in the Auto-Create list.
3. Assign bsNone to SplashForm’s BorderStyle property and [ ] to its BorderIcons prop-
erty.
4. Place a TImage component onto SplashForm and assign alClient to the image’s Align
property.
5. Load a bitmap into the TImage component by selecting its Picture property.
Now that you’ve designed the splash screen, you only have to edit the project’s DPR file to dis-

play it. Listing 4.10 shows the project file (DPR) for which the splash screen is displayed.
You’ll find this project, Splash.dpr, on the accompanying CD-ROM.

LisTING 4.10 A DPR File with a Splash Screen

program splash;

uses
Forms,
MainFrm in 'MainFrm.pas' {MainForm},
SplashFrm in 'SplashFrm.pas' {SplashForm};

{$R *.RES}
begin
Application.Initialize;
{ Create the splash screen }
SplashForm := TSplashForm.Create(Application);
SplashForm.Show; // Display the splash screen
SplashForm.Update; // Update the splash screen to ensure it gets drawn

{ This while loop simply uses the TTimer component on the SplashForm
to simulate a lengthy process. }

while SplashForm.tmMainTimer.Enabled do
Application.ProcessMessages;

Application.CreateForm(TMainForm, MainForm);
SplashForm.Hide; // Hide the splash screen
SplashForm.Free; // Free the splash screen
Application.Run;

end.
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Notice the while loop:

while SplashForm.tmMainTimer.Enabled do
Application.ProcessMessages;

This is simply a way to simulate a long process. A TTimer component was placed on
SplashForm, and its Interval property was set to 3000. When the OnTimer event of the TTimer
component occurs, after about three seconds, it executes the following line:

tmMainTimer.Enabled := False;

This will cause the while loop’s condition to be False and will jump execution out of the loop.

Minimizing Form Size
To illustrate how to suppress or control form sizing, we’ve created a project whose main form
has a blue background and a panel onto which components are placed. When the user resizes

the form, the panel remains centered. The form also prevents the user from shrinking the form
smaller than its panel. Listing 4.11 shows the form’s unit source code.

LisTING 4.11 The Source Code for the Template Form

unit BlueBackFrm;
interface

uses

SysUtils, Windows, Messages, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, Buttons, ExtCtrls;

type

TBlueBackForm = class(TForm)
pnlMain: TPanel;
bbtnOK: TBitBtn;
bbtnCancel: TBitBtn;
procedure FormResize(Sender: TObject);

private
Procedure CenterPanel;
{ Create a message handler for the WM_WINDOWPOSCHANGING message }
procedure WMWindowPosChanging(var Msg: TWMWindowPosChanging);

message WM_WINDOWPOSCHANGING;
end;

var
BlueBackForm: TBlueBackForm;

implementation
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uses Math;
{$R *.DFM}
procedure TBlueBackForm.CenterPanel;
{ This procedure centers the main panel horizontally and
vertically inside the form's client area
}
begin
{ Center horizontally }
if pnlMain.Width < ClientWidth then
pnlMain.Left := (ClientWidth - pnlMain.Width) div 2
else
pnlMain.Left := 0;
{ Center vertically }
if pnlMain.Height < ClientHeight then
pnlMain.Top := (ClientHeight - pnlMain.Height) div 2
else
pnlMain.Top := 0;
end;
procedure TBlueBackForm.WMWindowPosChanging(var Msg: TWMWindowPosChanging);
var
CaptionHeight: integer;
begin
{ Calculate the caption height }
CaptionHeight := GetSystemMetrics(SM_CYCAPTION);
{ This procedure does not take into account the width and
height of the form's frame. You can use
GetSystemMetrics() to obtain these values. }
4
. N ) . ) o3
// Prevent window from shrinking smaller then MainPanel's width m >
Msg.WindowPos”.cx := Max(Msg.WindowPos”.cx, pnlMain.Width+20); g E
// Prevent window from shrinking smaller then MainPanel's width g? %
Msg.WindowPos”.cy := Max(Msg.WindowPos”.cy, pnlMain.Height+20+CaptionHeight); a :
@ g
inherited;
end;

procedure TBlueBackForm.FormResize(Sender: TObject);
begin

CenterPanel; // Center MainPanel when the form is resized.
end;

end.
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This form illustrates capturing window messages, specifically the WM_WINDOWPOSCHANGING mes-
sage, which occurs whenever the window size is about to be changed. This is an opportune
time to prevent the resizing of a window. Chapter 5, “Understanding Messages,” will delve
further into Windows messages. This demo can be found in the project TempDemo.dpr on the
CD-ROM.

Running a Formless Project

The form is the focal point of all Delphi 5 applications. However, nothing prevents you from
creating an application that has no form. The DPR file is nothing more than a program file that
“uses” units that define the forms and other objects. This program file can certainly perform
other programming processes that require no form. To do this, simply create a new project and
remove the main form from the project by selecting Project, Remove From Project. Your DPR
file will now contain the following code:

program Projectt;

uses

Forms;

{$R *.RES}

begin
Application.Initialize;
Application.Run;

end.

In fact, you can even remove the uses clause and the calls to Application.Initialize and
Application.Run:

program Projectl;

begin

end.

This is a rather useless project, but keep in mind that you can place pretty much whatever you
want in the begin. .end block, which would be the starting point of a Win32 console application.

Exiting Windows

One reason you might want to exit Windows from an application is because your application
has made some system configuration changes that don’t go into effect until the user restarts
Windows. Rather than have the user perform that task through Windows, your application can
ask the user whether he or she wants to exit Windows; your application can then take care of
the dirty work. Keep in mind, however, that requiring a system restart is considered bad form
and should be avoided.

Exiting Windows requires the use of one of two Windows API functions: ExitWindows () or
ExitWindowsEx().
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The ExitWindows () function is a carryover from 16-bit Windows. In that previous version of

Windows, you could specify various options that allowed you to reboot Windows after exiting.

However, in Win32, this function just logs the current user out of Windows and enables
another user to log on to the next Windows session.

ExitWindows () has been replaced by the new function ExitWindowsEx (). With this function,
you can log off, shut down Windows, or shut down Windows and restart the system (reboot).
Listing 4.12 shows the use of both functions.

LisTING 4.12 Exiting Windows Using ExitWindows () and ExitWindowsEx ()

187

unit MainFrm;
interface

uses
SysUtils, Windows, Messages, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, ExtCtrls;

type
TMainForm = class(TForm)
btnExit: TButton;
rgExitOptions: TRadioGroup;
procedure btnExitClick(Sender: TObject);
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

procedure TMainForm.btnExitClick(Sender: TObject);
begin
case rgExitOptions.ItemIndex of
0: Win32Check (ExitWindows (@, 0)); // Exit and log on as a
// different user.
1: Win32Check (ExitWindowsEx (EWX_REBOOT, @)); // Exit/Reboot
2: Win32Check (ExitWindowsEx (EWX_SHUTDOWN, @));// Exit to Power Off
// Exit/Log off/Log on as different user
3: Win32Check (ExitWindowsEx (EWX_LOGOFF, 0));
end;
end;

end.
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Listing 4.12 uses the value of a radio button to determine which Windows exit option to use.
The first option uses ExitWindows () to log the user off and restart Windows, asking the user to
log on again.

The remaining options use the ExitWindowsEx () function. The second option exits Windows
and reboots the system. The third option exits Windows and shuts down the system so that the
user can turn off the computer. The fourth option performs the same task as the first, except
that it uses the ExitWindowsEx () function.

Both ExitWindows () and ExitWindowsEx () return True if successful and False otherwise. You
can use the Win32Check () function from SysUtils.pas, which calls the Win32 API function
GetLastError() and displays the proper error string in the event of an error.

NoTE

If you're running Windows NT, the ExitWindowsEx () function will not shut down the
system; this requires a special privilege. You must use the Win32 API function
AdjustTokenPrivleges() to enable the SE_SHUTDOWN NAME privilege. More informa-
tion on this topic can be found in the Win32 online help.

You’ll find an example of this code in the project ExitWin.dpr on the CD-ROM accompanying
this book.

Preventing Windows Shutdown

Shutting down Windows is one thing, but what if another application performs the same task—
that is, calls ExitWindowsEx ()—while you’re editing a file and haven’t yet saved the file?
Unless you somehow capture the exit request, you chance losing valuable data. It’s simple to
capture the exit request. All that’s required is that you process the OnCloseQuery event for the
main form in your application. In that event handler, you can place code similar to the following:
procedure TMainForm.FormCloseQuery(Sender: TObject; var CanClose: Boolean);

begin
if MessageDlg('Shutdown?', mtConfirmation, mbYesNoCancel, @) = mrYes then

CanClose := True
else
CanClose := False;
end;

By setting CanClose to False, you tell Windows not to shut down. Another option is to set
CanClose to True only after prompting you to save a file if necessary. You’ll find this demon-
strated in the project NoClose.dpr on the accompanying CD-ROM.
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NoTE

If you're running a formless project, you must subclass the application’s window pro-
cedure and capture the WM_QUERYENDSESSION message that's sent to each application
running whenever ExitWindows () or ExitWindowsEx () is called from any application.
If the application returns a nonzero value from this message, that application can
end successfully. The application should return zero to prevent Windows from shut-
ting down. You'll learn more about processing Windows messages in Chapter 5,
“Understanding Messages.”

Summary

This chapter focuses on project management techniques and architectural issues. It discusses
the key components that make up most Delphi 5 projects: TForm, TApplication, and TScreen.
We demonstrated how you might start designing your applications by first developing a com-
mon architecture. The chapter also shows various useful routines for your application.
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Although Visual Component Library (VCL) components expose many Win32 messages via
Object Pascal events, it’s still essential that you, the Win32 programmer, understand how the
Windows message system works.

As a Delphi applications programmer, you’ll find that the events surfaced by VCL will suit
most of your needs; only occasionally will you have to delve into the world of Win32 message
handling. As a Delphi component developer, however, you and messages will become very
good friends because you have to directly handle many Windows messages and then invoke
events corresponding to those messages.

What Is a Message?

A message is a notification of some occurrence sent by Windows to an application. Clicking a
mouse button, resizing a window, or pressing a key on the keyboard, for example, causes
Windows to send a message to an application notifying it of what occurred.

A message manifests itself as a record passed to an application by Windows. That record con-
tains information such as what type of event occurred and additional information specific to the
message. The message record for a mouse button click message, for example, contains the
mouse coordinates at the time the button was pressed. The record type passed from Windows
to the application is called a TMsg, which is defined in the Windows unit as shown in the follow-
ing code:

type
TMsg = packed record
hwnd: HWND; // the handle of the Window for which the message
// 1is intended
message: UINT; // the message constant identifier
wParam: WPARAM; // 32 bits of additional message-specific information
1Param: LPARAM; // 32 bits of additional message-specific information
time: DWORD; // the time that the message was created
pt: TPoint; // the position of the mouse cursor when the message
// was created
end;

What's in a Message?

Does the information in a message record look like Greek to you? If so, here’s a little
insight to what's what:

hwnd The 32-bit window handle of the window for which the message
is intended. The window can be almost any type of screen object
because Win32 maintains window handles for most visual
objects (windows, dialog boxes, buttons, edits, and so on).
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message A constant value that represents some message. These con-
stants can be defined by Windows in the Windows unit or by
you through user-defined messages.

wParam This field often contains a constant value associated with the
message; it can also contain a window handle or the identifica-
tion number of some window or control associated with the
message.

1Param This field often holds an index or pointer to some data in mem-
ory. Because wParam, 1Param, and Pointer are all 32 bits in
size, you can typecast interchangeably between them.

Now that you have an idea what makes up an message, it’s time to take a look at some differ-
ent types of Windows messages.

Types of Messages

The Win32 API predefines a constant for each Windows message. These constants are the val-
ues kept in the message field of the TMsg record. All these constants are defined in Delphi’s
Messages unit; most are also described in the online help. Notice that each of these constants
begins with the letters WM, which stand for Windows Message. Table 5.1 lists some of the
common Windows messages, along with their meanings and values.

TaBLE 5.1 Common Windows Messages

Message Identifier Value Tells a Window That...

WM_ACTIVATE $0006 It’s being activated or deactivated.

WM_CHAR $0102 WM_KEYDOWN and WM_KEYUP messages have been sent
for one key.

WM_CLOSE $0010 It should terminate.

WM_KEYDOWN $0100 A keyboard key is being pressed.

WM_KEYUP $0101 A keyboard key has been released.

WM_LBUTTONDOWN $0201 The user is pressing the left mouse button.

WM_MOUSEMOVE $0200 The mouse is being moved.

WM_PAINT $000F It must repaint its client area.

WM_TIMER $0113 A timer event has occurred.

WM_QUIT $0012 A request has been made to shut down the program.
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How the Windows Message System Works

A Windows application’s message system has three key components:

Message queue. Windows maintains a message queue for each application. A Windows
application must get messages from this queue and dispatch them to the proper windows.

Message loop. This is the loop mechanism in a Windows program that fetches a message
from the application queue and dispatches it to the appropriate window, fetches the next
message, dispatches it to the appropriate window, and so on.

Window procedure. Each window in your application has a window procedure that
receives each of the messages passed to it by the message loop. The window procedure’s
job is to take each window message and respond to it accordingly. A window procedure
is a callback function; a window procedure usually returns a value to Windows after pro-
cessing a message.

NoTE

A

callback function is a function in your program that'’s called by Windows or some

other external module.

Getting a message from point A (some event occurs, creating a message) to point B (a window

in your application responds to the message) is a five-step process:

1.
2.

5.
Steps

Some event occurs in the system.

Windows translates this event into a message and places it into the message queue for
your application.

Your application retrieves the message from the queue and places it in a TMsg record.

Your application passes on the message to the window procedure of the appropriate win-
dow in your application.

The window procedure performs some action in response to the message.

3 and 4 make up the application’s message loop. The message loop is often considered

the heart of a Windows program because it’s the facility that enables your program to respond
to external events. The message loop spends its whole life fetching messages from the applica-

tion queue and passing them to the appropriate windows in your application. If there are no

messages in your application’s queue, Windows allows other applications to process their mes-
sages. Figure 5.1 shows these steps.
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FIGURE 5.1
The Windows Message system.

Delphi’s Message System

VCL handles many of the details of the Windows message system for you. The message loop
is built into VCL’s Forms unit, for example, so you don’t have to worry about fetching mes-
sages from the queue or dispatching them to a window procedure. Delphi also places the infor-

mation located in the Windows TMsg record into a generic TMessage record:

type

TMessage = record
Msg: Cardinal;
case Integer of

0:

end;

Notice that TMessage record has a little less information than does TMsg. That’s because Delphi
internalizes the other TMsg fields; TMessage contains just the essential information you need to

(

WParam: Longint;
LParam: Longint;
Result: Longint);

(

WParamLo: Word;
WParamHi: Word;
LParamLo: Word;
LParamHi: Word;
ResultLo: Word;
ResultHi: Word);

handle a message.
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It’s important to note that the TMessage record also contains a Result field. As mentioned ear-
lier, some messages require the window procedure to return some value after processing a mes-
sage. With Delphi, you accomplish this process in a straightforward fashion by placing the
return value in the Result field of TMessage. This process is explained in detail in the later
section “Assigning Message Result Values.”

Message-Specific Records

In addition to the generic TMessage record, Delphi defines a message-specific record for every
Windows message. The purpose of these message-specific records is to give you all the infor-
mation the message offers without having to decipher the wParam and 1Param fields of a
record. All the message-specific records can be found in the Messages unit. As an example,
here’s the message record used to hold most mouse messages:

type
TWMMouse = record
Msg: Cardinal;
Keys: Longint;
case Integer of
0: (
XPos: Smallint;
YPos: Smallint);
1: (
Pos: TSmallPoint;
Result: Longint);
end;

All the record types for specific mouse messages (WM_LBUTTONDOWN and WM_RBUTTONUP, for
example) are simply defined as equal to TWMMouse, as in the following example:

TWMRButtonUp = TWMMouse;
TWMLButtonDown = TWMMouse;

NoTE

A message record is defined for nearly every standard Windows message. The nam-
ing convention dictates that the name of the record must be the same as the name
of the message with a T prepended, using camel capitalization and without the
underscore. For example, the name of the message record type for a WM_SETFONT
message is TWMSetFont.

By the way, TMessage works with all messages in all situations but isn't as convenient
as message-specific records.



Understanding Windows Messaging

CHAPTER 5

Handling Messages

Handling or processing a message means that your application responds in some manner to a
Windows message. In a standard Windows application, message handling is performed in each
window procedure. By internalizing the window procedure, however, Delphi makes it much
easier to handle individual messages; instead of having one procedure that handles all mes-
sages, each message has its own procedure. Three requirements must be met for a procedure to
be a message-handling procedure:

e The procedure must be a method of an object.

e The procedure must take one var parameter of a TMessage or other message-specific
record type.

» The procedure must use the message directive followed by the constant value of the mes-
sage you want to process.

Here’s an example of a procedure that handles WM_PAINT messages:

procedure WMPaint(var Msg: TWMPaint); message WM_PAINT;

NoTE
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When naming message-handling procedures, the convention is to give them the same
name as the message itself, using camel-capitalization and without the underscore.

As another example, let’s write a simple message-handling procedure for WM_PAINT that
processes the message simply by beeping.

Start by creating a new, blank project. Then access the Code Editor window for this project and
add the header for the WPaint function to the private section of the TForm1 object:

procedure WMPaint(var Msg: TWMPaint); message WM_PAINT;

Now add the function definition to the implementation part of this unit. Remember to use the
dot operator to scope this procedure as a method of TFormi. Don’t use the message directive as
part of the function implementation:

procedure TFormi1.WMPaint(var Msg: TWMPaint);
begin

Beep;

inherited;
end;
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Notice the use of the inherited keyword here. Call inherited when you want to pass the
message to the ancestor object’s handler. By calling inherited in this example, you pass on
the message to TForm’s WM_PAINT handler.

NoTE

Unlike normal calls to inherited methods, here you don’t give the name of the inher-
ited method. That's because the name of the method is unimportant when it’s dis-
patched. Delphi knows what method to call based on the message value used with
the message directive in the class interface.

The main unit in Listing 5.1 provides a simple example of a form that processes the WM_PAINT
message. Creating this project is easy: Just create a new project and add the code for the
WMPaint procedure to the TForm object.

LisTING 5.1 GetMess: A Message-Handling Example

unit GMMain;
interface
uses

SysUtils, Windows, Messages, Classes, Graphics, Controls,
Forms, Dialogs;

type
TForm1 = class(TForm)
private
procedure WMPaint(var Msg: TWMPaint); message WM_PAINT;
end;
var

Form1: TFormi;
implementation
{$R *.DFM}
procedure TFormi.WMPaint(var Msg: TWMPaint);
begin
MessageBeep (0) ;
inherited;

end;

end.
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Whenever a WM_PAINT message comes down the pike, it’s passed to the WMPaint procedure.
The WMPaint procedure simply informs you of the WM_PAINT message by making some noise
with the MessageBeep () procedure and then passes the message to the inherited handler.

MessageBeep(): The Poor Man’s Debugger

While we're on the topic of beeping, now is a good time for a slight digression. The
MessageBeep () procedure is one of the most straightforward and useful elements in
the Win32 API. Its use is simple: Call MessageBeep (), pass a predefined constant, and
Windows beeps the PC's speaker (if you have a sound card, it plays a WAV file). Big
deal, you say? On the surface it may not seem like much, but MessageBeep () really
shines as an aid in debugging your programs.

If you're looking for a quick-and-dirty way to tell whether your program is reaching a
certain place in your code—without having to bother with the debugger and break-
points—MessageBeep () is for you. Because it doesn’t require a handle or some other
Windows resource, you can use it practically anywhere in your code, and as a wise
man once said, “MessageBeep () is for the itch you can’t scratch with the debugger.” If
you have a sound card, you can pass MessageBeep () one of several predefined con-
stants to have it play a wider variety of sounds—these constants are defined under
MessageBeep () in the Win32 API help file.

If you're like the authors and are too lazy to type out that whole big, long function
name and parameter, you can use the Beep() procedure found in the SysUtils unit.
The implementation of Beep () is simply a call to MessageBeep () with the parameter 0.

Message Handling: Not Contract Free

Unlike responding to Delphi events, handling Windows messages is not “contract free.” Often,
when you decide to handle a message yourself, Windows expects you to perform some action
when processing the message. Most of the time, VCL has much of this basic message process-
ing built in—all you have to do is call inherited to get to it. Think of it this way: You write a
message handler so that your application will do the things you expect, and you call inherited
so that your application will do the additional things Windows expects.

NoOTE

The contractual nature of message handling can be more than just calling the inher-
ited handler. In message handlers, you're sometimes restricted in what you can do.
For example, in a WM_KILLFOCUS message, you cannot set focus to another control
without causing a crash.
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To demonstrate the inherited elements, try running the program in Listing 5.1 without calling
inherited in the WMPaint () method. Just remove the line that calls inherited so that the pro-
cedure looks like this:

procedure TFormi.WMPaint(var Msg: TWMPaint);
begin

MessageBeep(0);
end;

Because you never give Windows a chance to perform basic handling of the WM_PAINT mes-
sage, the form will never paint itself.

Sometimes there are circumstances in which you don’t want to call the inherited message han-
dler. An example is handling the WM_SYSCOMMAND messages to prevent a window from being
minimized or maximized.

Assigning Message Result Values

When you handle some Windows messages, Windows expects you to return a result value. The
classic example is the WM_CTLCOLOR message. When you handle this message, Windows expects
you to return a handle to a brush with which you want Windows to paint a dialog box or con-
trol. (Delphi provides a Color property for components that does this for you, so the example is
just for illustration purposes.) You can return this brush handle easily with a message-handling
procedure by assigning a value to the Result field of TMessage (or another message record)
after calling inherited. For example, if you were handling WM_CTLCOLOR, you could return a
brush handle value to Windows with the following code:

procedure TForm1.WMCtlColor(var Msg: TWMCtlColor);
var
BrushHand: hBrush;
begin
inherited;
{ Create a brush handle and place into BrushHand variable }
Msg.Result := BrushHand;
end;

The TApplication Type’s OnMessage Event

Another technique for handling messages is to use TApplication’s OnMessage event. When
you assign a procedure to OnMessage, that procedure is called whenever a message is pulled
from the queue and about to be processed. This event handler is called before Windows itself
has a chance to process the message. The Application.OnMessage event handler is of
TMessageEvent type and must be defined with a parameter list, as shown here:

procedure SomeObject.AppMessageHandler(var Msg: TMsg;
var Handled: Boolean);
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All the message parameters are passed to the OnMessage event handler in the Msg parameter.
(Note that this parameter is of the Windows TMsg record type described earlier in this chapter.)
The Handled field requires you to assign a Boolean value indicating whether you have handled
the message.

The first step in creating an OnMessage event handler is to create a method that accepts the
same parameter list as a TMessageEvent. For example, here’s a method that keeps a running
count of how many messages your application receives:

var

NumMessages: Integer;

procedure Formi.AppMessageHandler(var Msg: TMsg; var Handled: Boolean);
begin

Inc(NumMessages) ;
Handled := False;
end;

The second and final step in creating the event handler is to assign a procedure to
Application.OnMessage somewhere in your code. This can be done in the DPR file after cre-
ating the project’s forms but before calling Application.Run:

Application.OnMessage := Formi.AppMessageHandler;

One limitation of OnMessage is that it’s executed only for messages pulled out of the queue and
not for messages sent directly to the window procedures of windows in your application.
Chapter 13, “Hard-core Techniques,” shows techniques for working around this limitation by
hooking into the application window procedure.

Tip

OnMessage sees all messages posted to all window handles in your application. This is
the busiest event in your application (thousands of messages per second), so don’t do
anything in an OnMessage handler that takes a lot of time because you'll slow your
whole application to a crawl. Clearly, this is one place where a breakpoint would be
a very bad idea.

Sending Your Own Messages

Just as Windows sends messages to your application’s windows, you will occasionally need to
send messages between windows and controls within your application. Delphi provides several
ways to send messages within your application, such as the Perform() method (which works
independently of the Windows API) and the SendMessage () and PostMessage () API functions.
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The Perform() Method

VCL provides the Perform() method for all TControl descendants; Perform() enables you to
send a message to any form or control object given an instance of that object. The Perform()
method takes three parameters—a message and its corresponding 1Param and wParam—and is
defined as follows:

function TControl.Perform(Msg: Cardinal; WParam, LParam: Longint):
Longint;

To send a message to a form or control, use the following syntax:
RetVal := ControlName.Perform(MessageID, wParam, 1lParam);

After you call Perform(), it doesn’t return until the message has been handled. The Perform()
method packages its parameters into a TMessage record and then calls the object’s Dispatch()
method to send the message—bypassing the Windows API messaging system. The Dispatch()
method is described later in this chapter.

The SendMessage() and PostMessage() API Functions

Sometimes you need to send a message to a window for which you don’t have a Delphi object
instance. For example, you might want to send a message to a non-Delphi window, but you
have only a handle to that window. Fortunately, the Windows API offers two functions that fit
this bill: SendMessage () and PostMessage (). These two functions are essentially identical,
except for one key difference: SendMessage (), similar to Perform(), sends a message directly
to the window procedure of the intended window and waits until the message is processed
before returning; PostMessage () posts a message to the Windows message queue and returns
immediately.

SendMessage () and PostMessage () are declared as follows:

function SendMessage (hWnd: HWND; Msg: UINT; wParam: WPARAM;
1Param: LPARAM): LRESULT; stdcall;

function PostMessage(hWnd: HWND; Msg: UINT; wParam: WPARAM;
1Param: LPARAM): BOOL; stdcall;

* hwnd is the window handle for which the message is intended.
* Msg is the message identifier.
* wParam is 32 bits of additional message-specific information.

e 1Param is 32 bits of additional message-specific information.
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Although SendMessage () and PostMessage () are used similarly, their respective
return values are different. SendMessage () returns the result value of the message
being processed, but PostMessage () returns only a BOOL that indicates whether the
message was placed in the target window'’s queue.

Nonstandard Messages

Until now, the discussion has centered on regular Windows messages (those that begin with
wmM_xxx). However, two other major categories of messages merit some discussion: notification
messages and user-defined messages.

Notification Messages

Notification messages are messages sent to a parent window when something happens in one of
its child controls that may require the parent’s attention. Notification messages occur only with
the standard Windows controls (button, list box, combo box, and edit control) and with the
Windows Common Controls (tree view, list view, and so on). For example, clicking or double-
clicking a control, selecting some text in a control, and moving the scroll bar in a control all
generate notification messages.

You can handle notification messages by writing message-handling procedures in the form that
contains a particular control. Table 5.2 lists the Win32 notification messages for standard
Windows controls.

TaBLE 5.2 Standard Control Notification Messages

Notification Meaning

Button Notification

BN_CLICKED The user clicked a button.
BN_DISABLE A button is disabled.
BN_DOUBLECLICKED The user double-clicked a button.
BN_HILITE The user highlighted a button.
BN_PAINT The button should be painted.
BN_UNHILITE The highlight should be removed.

continues
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TaBLE 5.2 Continued

Notification Meaning

Combo Box Notification

CBN_CLOSEUP
CBN_DBLCLK
CBN_DROPDOWN
CBN_EDITCHANGE
CBN_EDITUPDATE
CBN_ERRSPACE
CBN_KILLFOCUS
CBN_SELCHANGE

CBN_SELENDCANCEL

CBN_SELENDOK
CBN_SETFOCUS

EN_CHANGE
EN_ERRSPACE
EN_HSCROLL
EN_KILLFOCUS
EN_MAXTEXT
EN_SETFOCUS
EN_UPDATE
EN_VSCROLL

LBN_DBLCLK
LBN_ERRSPACE
LBN_KILLFOCUS
LBN_SELCANCEL
LBN_SELCHANGE
LBN_SETFOCUS

The list box of a combo box has closed.

The user double-clicked a string.

The list box of a combo box is dropping down.
The user has changed text in the edit control.
Altered text is about to be displayed.

The combo box is out of memory.

The combo box is losing the input focus.

A new combo box list item is selected.

The user’s selection should be canceled.

The user’s selection is valid.

The combo box is receiving the input focus.

Edit Notification

The display is updated after text changes.

The edit control is out of memory.

The user clicked the horizontal scrollbar.

The edit control is losing the input focus.

The insertion is truncated.

The edit control is receiving the input focus.
The edit control is about to display altered text.

The user clicked the vertical scrollbar.

List Box Notification

The user double-clicked a string.
The list box is out of memory.

The list box is losing the input focus.
The selection is canceled.

The selection is about to change.

The list box is receiving the input focus.

Internal VCL Messages

VCL has an extensive collection of its own internal and notification messages. Although you
don’t commonly use these messages in your Delphi applications, Delphi component writers
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will find them useful. These messages begin with CM_ (for component message) or CN_ (for
component notification), and they are used to manage VCL internals such as focus, color, visi-
bility, window re-creation, dragging, and so on. You can find a complete list of these messages
in the “Creating Custom Components” portion of the Delphi online help.

User-Defined Messages

At some point, you’ll come across a situation in which one of your own applications must send
a message to itself, or you have to send messages between two of your own applications. At
this point, one question that might come to mind is, “Why would I send myself a message
instead of simply calling a procedure?” It’s a good question, and there are actually several
answers. First, messages give you polymorphism without requiring knowledge of the recipi-
ent’s type. Messages are therefore as powerful as virtual methods but more flexible. Also, mes-
sages allow for optional handling: If the recipient doesn’t do anything with the message, no
harm is done. Finally, messages allow for broadcast notifications to multiple recipients and
“parasitic” eavesdropping, which isn’t easily done with procedures alone.

Messages Within Your Application

Having an application send a message to itself is easy. Just use the Perform(), SendMessage (),
or PostMessage () function and use a message value in the range of Wi_USER + 100 through
$7FFF (the value Windows reserves for user-defined messages):

const
SX_MYMESSAGE = WM_USER + 100;

begin
SomeForm.Perform(SX_MYMESSAGE, 0, 0);
{or}
SendMessage (SomeForm.Handle, SX_MYMESSAGE, 0, 0);
{or}

PostMessage (SomeForm.Handle, SX_MYMESSAGE, @, 0);

end;

Then create a normal message-handling procedure for this message in the form in which you
want to handle the message:

TForm1 = class(TForm)

private
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procedure SXMyMessage(var Msg: TMessage); message SX_MYMESSAGE;
end;

procedure TForm1.SXMyMessage(var Msg: TMessage);
begin

MessageD1lg('She turned me into a newt!', mtInformation, [mbOk], 0);
end;

As you can see, there’s little difference between using a user-defined message in your
application and handling any standard Windows message. The real key here is to start at
WM_USER + 100 for interapplication messages and to give each message a name that has
something to do with its purpose.

CAUTION

Never send messages with values of WM_USER through $7FFF unless you're sure that
the intended recipient is equipped to handle the message. Because each window can
define these values independently, the potential for bad things to happen is great
unless you keep careful tabs on which recipients you send WM_USER through $7FFF
messages to.

Messaging Between Applications

When you want to send messages between two or more applications, it’s usually best to use the
RegisterWindowMessage () API function in each application. This method ensures that every
application uses the same message number for a given message.

RegisterWindowMessage () accepts a null-terminated string as a parameter and returns a new
message constant in the range of $€000 through $FFFF. This means that all you have to do is
call RegisterWindowMessage () with the same string in each application between which you
want to send messages; Windows returns the same message value for each application. The
true benefit of RegisterWindowMessage () is that, because a message value for any given string
is guaranteed to be unique throughout the system, you can safely broadcast such messages to
all windows with fewer harmful side effects. It can be a bit more work to handle this kind of
message, though; because the message identifier isn’t known until runtime, you can’t use a
standard message handler procedure, and you must override a control’s WndProc () or
DefaultHandler () method or subclass an existing window procedure. A technique for han-
dling registered messages is demonstrated in Chapter 13, “Hard-core Techniques.”
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The number returned by RegisterWindowMessage () varies between Windows sessions
and can’t be determined until runtime.

Broadcasting Messages

TWinControl descendants can broadcast a message record to each of their owned controls—
thanks to the Broadcast () method. This technique is useful when you need to send the same
message to a group of components. For example, to send a user-defined message called um_Foo
to all of Panel1’s owned controls, use the following code:

var
M: TMessage;
begin
with M do
begin
Message := UM_FOO;
wParam := 0;
1Param := 0;
Result := 0;
end;
Paneli.Broadcast(M);
end;

Anatomy of a Message System: VCL

There’s much more to VCL’s message system than handling messages with the message direc-
tive. After a message is issued by Windows, it makes a couple of stops before reaching your
message-handling procedure (and it may make a few more stops afterward). All along the way,
you have the power to act on the message.

For posted messages, the first stop for a Windows message in VCL is the
Application.ProcessMessage () method, which houses the VCL main message loop. The next
stop for a message is the handler for the Application.OnMessage event. OnMessage is called as
messages are fetched from the application queue in the ProcessMessage () method. Because
sent messages aren’t queued, OnMessage won’t be called for sent messages.

For posted messages, the DispatchMessage () API is then called internally to dispatch the mes-
sage to the StdWndProc () function. For sent messages, StdWndProc () will be called directly by
Win32. stdwndProc () is an assembler function that accepts the message from Windows and
routes it to the object for which the message is intended.
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The object method that receives the message is called MainWndProc (). Beginning with
MainWndProc (), you can perform any special handling of the message your program might
require. Generally, you handle a message at this point only if you don’t want a message to go
through VCL’s normal dispatching.

After leaving the MainWndProc () method, the message is routed to the object’s WndProc ()
method and then on to the dispatch mechanism. The dispatch mechanism, found in the object’s
Dispatch () method, routes the message to any specific message-handling procedure that
you’ve defined or that already exists within VCL.

Then the message finally reaches your message-specific handling procedure. After flowing
through your handler and the inherited handlers you might have invoked using the inherited
keyword, the message goes to the object’s DefaultHandler () method. DefaultHandler() per-
forms any final message processing and then passes the message to the Windows
DefWindowProc () function or other default window procedure (such as DefMDIProc) for any
Windows default processing. Figure 5.2 shows VCL’s message-processing mechanism.

NoTE

You should always call inherited when handling messages unless you're absolutely
certain you want to prevent normal message processing.

Tip

Because all unhandled messages flow to DefaultHandler(), that's usually the best
place to handle interapplication messages in which the values were obtained by way
of the RegisterWindowMessage () procedure.

To better understand VCL’s message system, create a small program that can handle a message
at the Application.OnMessage, WndProc (), message procedure, or DefaultHandler () stage.
This project is called CatchIt; its main form is shown in Figure 5.3.

The 0OnClick event handlers for PostMessButton and SendMessButton are shown in the fol-
lowing code. The former uses PostMessage () to post a user-defined message to the form; the
latter uses SendMessage () to send a user-defined message to the form. To differentiate between
post and send, note that the value 1 is passed in the wParam of PostMessage () and that the
value 0 (zero) is passed for SendMessage (). Here’s the code:



Understanding Windows Messaging

CHAPTER 5

SomeClass WndProc

Y

SomeClass
Dispatch

4N

SomeClass Ancestor AncestorN
Message Handler Message Handler Message Handler

\\\N\ Y l(///

SomeClass
Default Handler

FIGURE 5.2

VCL’s message system.
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FIGURE 5.3
The main form of the CatchIt message example.

procedure TMainForm.PostMessButtonClick(Sender: TObject);
{ posts message to form }
begin
PostMessage (Handle, SX_MYMESSAGE, 1, 0);
end;

procedure TMainForm.SendMessButtonClick(Sender: TObject);
{ sends message to form }
begin
SendMessage (Handle, SX_MYMESSAGE, @0, @); // send message to form
end;

This application provides the user with the opportunity to “eat” the message in the OnMessage
handler, WndProc () method, message-handling method, or DefaultHandler () method (that is,
to not trigger the inherited behavior and to therefore stop the message from fully circulating
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through VCL’s message-handling system). Listing 5.2 shows the completed source code for the
main unit of this project, thus demonstrating the flow of messages in a Delphi application.

LisTING 5.2 The Source Code for CIMain.PAS

unit CIMain;
interface
uses

SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls, ExtCtrls, Menus;

const
SX_MYMESSAGE = WM_USER; /] User-defined message value
MessString = '%s message now in %s.'; // String to alert user

type

TMainForm = class(TForm)

GroupBox1: TGroupBox;

PostMessButton: TButton;

WndProcCB: TCheckBox;

MessProcCB: TCheckBox;

DefHandCB: TCheckBox;

SendMessButton: TButton;

AppMsgCB: TCheckBox;

EatMsgCB: TCheckBox;

EatMsgGB: TGroupBox;

OnMsgRB: TRadioButton;

WndProcRB: TRadioButton;

MsgProcRB: TRadioButton;

DefHandlerRB: TRadioButton;

procedure PostMessButtonClick(Sender: TObject);

procedure SendMessButtonClick(Sender: TObject);

procedure EatMsgCBClick(Sender: TObject);

procedure FormCreate(Sender: TObject);

procedure AppMsgCBClick(Sender: TObject);
private

{ Handles messages at Application level }

procedure OnAppMessage(var Msg: TMsg; var Handled: Boolean);

{ Handles messages at WndProc level }

procedure WndProc(var Msg: TMessage); override;

{ Handles message after dispatch }

procedure SXMyMessage(var Msg: TMessage); message SX_MYMESSAGE;

{ Default message handler }

procedure DefaultHandler(var Msg); override;
end;
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var
MainForm: TMainForm;

implementation
{$R *.DFM}

const
// strings which will indicate whether a message is sent or posted
SendPostStrings: array[0..1] of String = ('Sent', 'Posted');

procedure TMainForm.FormCreate(Sender: TObject);
{ OnCreate handler for main form }
begin
// set OnMessage to my OnAppMessage method
Application.OnMessage := OnAppMessage;
// use the Tag property of checkboxes to store a reference to their
// associated radio buttons
AppMsgCB.Tag := Longint(OnMsgRB);
WndProcCB.Tag := Longint(WndProcRB);
MessProcCB.Tag := Longint (MsgProcRB);
DefHandCB.Tag := Longint(DefHandlerRB);
// use the Tag property of radio buttons to store a reference to their
// associated checkbox
OnMsgRB.Tag := Longint (AppMsgCB);
WndProcRB.Tag := Longint(WndProcCB);
MsgProcRB.Tag := Longint(MessProcCB);
DefHandlerRB.Tag := Longint(DefHandCB);
end;

procedure TMainForm.OnAppMessage(var Msg: TMsg; var Handled: Boolean);
{ OnMessage handler for Application }
begin
/] check to see if message is my user-defined message
if Msg.Message = SX_MYMESSAGE then
begin
if AppMsgCB.Checked then
begin
// Let user know about the message. Set Handled flag appropriately
ShowMessage (Format (MessString, [SendPostStrings[Msg.WParam],
"Application.OnMessage']));
Handled := OnMsgRB.Checked;
end;
end;
end;

continues
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LisTING 5.2 Continued

procedure TMainForm.WndProc(var Msg: TMessage);
{ WndProc procedure of form }

var
CallInherited: Boolean;
begin
CallInherited := True; // assume we will call the inherited

if Msg.Msg = SX_MYMESSAGE then /] check for our user-defined message
begin
if WndProcCB.Checked then // if WndProcCB checkbox is checked...
begin
// Let user know about the message.
ShowMessage (Format (MessString, [SendPostStrings[Msg.WParam],
'WndProc']));
// Call inherited only if we are not supposed to eat the message.
CalllInherited := not WndProcRB.Checked;
end;
end;
if CallInherited then inherited WndProc(Msg);
end;

procedure TMainForm.SXMyMessage(var Msg: TMessage);
{ Message procedure for user-defined message }

var
CallInherited: Boolean;
begin
Calllnherited := True; // assume we will call the inherited
if MessProcCB.Checked then // if MessProcCB checkbox is checked
begin
/] Let user know about the message.
ShowMessage (Format (MessString, [SendPostStrings[Msg.WParam],
‘Message Procedure']));
// Call inherited only if we are not supposed to eat the message.
CallInherited := not MsgProcRB.Checked;
end;
if CallInherited then Inherited;
end;

procedure TMainForm.DefaultHandler(var Msg);
{ Default message handler for form }

var
CallInherited: Boolean;
begin
Calllnherited := True; // assume we will call the inherited

/] check for our user-defined message
if TMessage(Msg).Msg = SX_MYMESSAGE then begin
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if DefHandCB.Checked then // 1if DefHandCB checkbox is checked
begin

// Let user know about the message.
ShowMessage (Format (MessString,
[SendPostStrings[TMessage (Msg) .WParam], 'DefaultHandler']));
// Call inherited only if we are not supposed to eat the message.
CallInherited := not DefHandlerRB.Checked;
end;
end;
if CallInherited then inherited DefaultHandler(Msg);
end;
procedure TMainForm.PostMessButtonClick(Sender: TObject);
{ posts message to form }
begin
PostMessage(Handle, SX_MYMESSAGE, 1, 0);
end;
procedure TMainForm.SendMessButtonClick(Sender: TObject);
{ sends message to form }
begin
SendMessage (Handle, SX_MYMESSAGE, @, @); // send message to form
end;
procedure TMainForm.AppMsgCBClick (Sender: TObject);
{ enables/disables proper radio button for checkbox click }
begin
if EatMsgCB.Checked then
begin
with TRadioButton((Sender as TCheckBox).Tag) do
begin
Enabled := TCheckbox(Sender).Checked;
if not Enabled then Checked := False;
end;
end;
end;
procedure TMainForm.EatMsgCBClick(Sender: TObject);
{ enables/disables radio buttons as appropriate }
var
i: Integer;
DoEnable, EatEnabled: Boolean;
begin
// get enable/disable flag
EatEnabled := EatMsgCB.Checked;
// iterate over child controls of GroupBox in order to
continues
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LisTING 5.2 Continued

// enable/disable and check/uncheck radio buttons
for i := 0 to EatMsgGB.ControlCount - 1 do
with EatMsgGB.Controls[i] as TRadioButton do
begin
DoEnable := EatEnabled;
if DoEnable then DoEnable := TCheckbox(Tag).Checked;
if not DoEnable then Checked := False;
Enabled := DoEnable;
end;
end;

end.

CAUTION

Although it's fine to use just the inherited keyword to send the message to an
inherited handler in message-handler procedures, this technique doesn’t work with
WndProc () or DefaultHandler (). With these procedures, you must also provide the
name of the inherited procedure or function, as in this example:

inherited WndProc(Msg);

You might have noticed that the DefaultHandler () procedure is somewhat unusual in that it
takes one untyped var parameter. That’s because DefaultHandler () assumes that the first
word in the parameter is the message number; it isn’t concerned with the rest of the informa-
tion being passed. Because of this, you typecast the parameter as a TMessage so that you can
access the message parameters.

The Relationship Between Messages and Events

Now that you know all the ins and outs of messages, recall that this chapter began by stating
that VCL encapsulates many Windows messages in its event system. Delphi’s event system is
designed to be an easy interface into Windows messages. Many VCL events have a direct cor-
relation with wM_xxX Windows messages. Table 5.3 shows some common VCL events and the
Windows message responsible for each event.

TaBLE 5.3 VCL Events and Corresponding Windows Messages

VCL Event Windows Message

OnActivate WM_ACTIVATE
OnClick WM_XBUTTONDOWN
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VCL Event Windows Message
OnCreate WM_CREATE
OnDblClick WM_XBUTTONDBLCLICK
OnKeyDown WM_KEYDOWN
OnKeyPress WM_CHAR

OnKeyUp WM_KEYUP

OnPaint WM_PAINT

OnResize WM_SIZE

OnTimer WM_TIMER

Table 5.3 is a good rule-of-thumb reference when you’re looking for events that correspond

directly to messages.

Tip

Never write a message handler when you can use a predefined event to do the same
thing. Because of the contract-free nature of events, you’ll have fewer problems han-
dling events than you will handling messages.

Summary

By now, you should have a pretty clear understanding of how the Win32 messaging system
works and how VCL encapsulates that messaging system. Although Delphi’s event system is
great, knowing how messages work is essential for any serious Win32 programmer.

If you’re eager to learn more about handling Windows messages, check out Chapter 21,
“Writing Delphi Custom Components.” In that chapter, you see practical application of the
knowledge you gained in this chapter. For the next chapter, you’ll learn about how to write
your Delphi code to a set of standards in order to facilitate logical coding practices and sharing

of source code.
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Introduction

This document describes the coding standards for Delphi programming as used in Delphi 5
Developer’s Guide. In general, this document follows the often “unspoken” formatting guide-
lines used by Borland International with a few minor exceptions. The purpose for including
this document in Delphi 5 Developer’s Guide is to present a method by which development
teams can enforce a consistent style to the coding they do. The intent is to make it so that every
programmer on a team can understand the code being written by other programmers. This is
accomplished by making the code more readable by use of consistency.

This document by no means includes everything that might exist in a coding standard.
However, it does contain enough detail to get you started. Feel free to use and modify these
standards to fit your needs. We don’t recommend, however, that you deviate too far from the
standards used by Borland’s development staff. We recommend this because as you bring new
programmers to your team, the standards that they’re most likely to be most familiar with are
Borland’s. Like most coding standards documents, this document will evolve as needed.
Therefore, you’ll find the most updated version online at www.xapware.com/ddg.

This document does not cover user interface standards. This is a separate but equally impor-
tant topic. Enough third-party books and Microsoft documentation cover such guidelines that
we decided not to replicate this information but rather refer you to the Microsoft Developers
Network and other sources where that information is available.

General Source Code Formatting Rules

Indentation

Indenting shall be two spaces per level. Do not save tab characters to source files. The reason
for this is because tab characters are expanded to different widths with different users’ settings
and by different source management utilities (print, archive, version control, and so on).

You can disable saving tab characters by turning off the Use Tab Character and Optimal Fill
check boxes on the General page of the Editor Properties dialog box (accessed via Tools,
Editor Options).

Margins

Margins will be set to 80 characters. In general, source shall not exceed this margin, with the
exception to finish a word. However, this guideline is somewhat flexible. Wherever possible,
statements that extend beyond one line shall be wrapped after a comma or an operator. When a
statement is wrapped, it shall be indented two characters from the original statement line.
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begin..end Pair

The begin statement appears on its own line. For example, the following first line is incorrect;
the second line is correct:

for I := 0 to 10 do begin // Incorrect, begin on same line as for
for I := 0 to 10 do // Correct, begin appears on a separate line
begin

An exception to this rule is when the begin statement appears as part of an else clause. Here’s
an example:

if some statement = then
begin

end

else begin

SomeOtherStatement;
end;

The end statement always appears on its own line.

When the begin statement is not part of an else clause, the corresponding end statement is
always indented to match its begin part.

Object Pascal

Parentheses

There shall never be white space between an open parenthesis and the next character. Likewise,
there shall never be white space between a closed parenthesis and the previous character. The
following example illustrates incorrect and correct spacing with regard to parentheses:

CallProc( AParameter ); // incorrect
CallProc(AParameter); /| correct

Never include extraneous parentheses in a statement. Parentheses shall only be used where
required to achieve the intended meaning in source code. The following examples illustrate
incorrect and correct usage:

if (I = 42) then // incorrect - extraneous parentheses
if (I = 42) or (J = 42) then // correct - parentheses required

Reserved Words and Key Words

Object Pascal language reserved words and key words shall always be completely lowercase.
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Procedures and Functions (Routines)

Naming/Formatting
Routine names shall always begin with a capital letter and be camel-capped for readability. The
following is an example of an incorrectly formatted procedure name:

procedure thisisapoorlyformattedroutinename;
This is an example of an appropriately capitalized routine name:
procedure ThisIsMuchMoreReadableRoutineName;

Routines shall be given names meaningful to their content. Routines that cause an action to
occur will be prefixed with the action verb. Here’s an example:

procedure FormatHardDrive;

Routines that set values of input parameters shall be prefixed with the word set:
procedure SetUserName;

Routines that retrieve a value shall be prefixed with the word get:

function GetUserName: string;

Formal Parameters
Formatting
Where possible, formal parameters of the same type shall be combined into one statement:

procedure Foo(Parami, Param2, Param3: Integer; Param4: string);

Naming

All formal parameter names shall be meaningful to their purpose and typically will be based
off the name of the identifier that was passed to the routine. When appropriate, parameter
names shall be prefixed with the character A:

procedure SomeProc(AUserName: string; AUserAge: integer);

The A prefix is a convention to disambiguate when the parameter name is the same as a prop-
erty or field name in the class.

Ordering of Parameters
The following formal parameter ordering emphasizes taking advantage of register calling con-
ventions calls.

Most frequently used (by the caller) parameters shall be in the first parameter slots. Less fre-
quently used parameters shall be listed after that in left-to-right order.
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Input lists shall exist before output lists in left-to-right order.

Place most generic parameters before most specific parameters in left-to-right order. For exam-
ple: SomeProc(APlanet, AContinent, ACountry, AState, ACity).

Exceptions to the ordering rule are possible, such as in the case of event handlers, where a
parameter named Sender of type TObject is often passed as the first parameter.

Constant Parameters

When parameters of a record, array, ShortString, or interface type are unmodified by a rou-
tine, the formal parameters for that routine shall mark the parameter as const. This ensures
that the compiler will generate code to pass these unmodified parameters in the most efficient
manner.

Parameters of other types may optionally be marked as const if they’re unmodified by a rou-
tine. Although this will have no effect on efficiency, it provides more information about para-
meter use to the caller of the routine.

Name Collisions

When using two units that each contain a routine of the same name, the routine residing in the
unit appearing last in the uses clause will be invoked if you call that routine. To avoid these
uses clause—dependent ambiguities, always prefix such method calls with the intended unit
name. Here are two examples:

SysUtils.FindClose(SR);
and

Windows.FindClose (Handle) ;

Variables

Variable Naming and Formatting
Variables shall be given names meaningful to their purpose.

Loop control variables are generally given a single character name such as I, J, or K. It’s
acceptable to use a more meaningful name as well, such as UserIndex.

Boolean variable names must be descriptive enough so that the meanings of True and False
values will be clear.

Local Variables
Local variables used within procedures follow the same usage and naming conventions for all
other variables. Temporary variables shall be named appropriately.
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When necessary, initialization of local variables will occur immediately upon entry into the
routine. Local AnsiString variables are automatically initialized to an empty string, local
interface and dispinterface type variables are automatically initialized to nil, and local
Variant and OleVariant type variables are automatically initialized to Unassigned.

Use of Global Variables

Use of global variables is discouraged. However, they may be used when necessary. When this
is the case, you’re encouraged to keep global variables within the context in which they’re
used. For example, a global variable may be global only within the scope of a single unit’s
implementation section.

Global data that’s intended to be used by a number of units shall be moved into a common unit
used by all.

Global data may be initialized with a value directly in the var section. Bear in mind that all
global data is automatically zero initialized; therefore, do not initialize global variables to
“empty” values such as 0, nil, ' ', Unassigned, and so on. One reason for this is because zero-
initialized global data occupies no space in the EXE file. Zero-initialized data is stored in a vir-
tual data segment that’s allocated only in memory when the application starts up. Nonzero
initialized global data occupies space in the EXE file on disk.

Types

Capitalization Convention

Type names that are reserved words shall be completely lowercase. Win32 API types are gener-
ally completely uppercase, and you shall follow the convention for a particular type name
shown in the Windows. pas or other API unit. For other variable names, the first letter shall be
uppercase, and the rest shall be camel-capped for clarity. Here are some examples:

var
MyString: string; // reserved word
WindowHandle: HWND; // Win32 API type
I: Integer; // type identifier introduced in System unit

Floating-Point Types

Use of the Real type is discouraged because it existed only for backward compatibility with
older Pascal code. Although it’s now the same as Double, this fact may be confusing to other
developers. Use Double for general-purpose floating-point needs. Also, Double is what the
processor instructions and busses are optimized for and is an IEEE-defined standard data for-
mat. Use Extended only when more range is required than that offered by Double. Extended is
an Intel-specified type and is not supported in Java. Use Single only when the physical byte
size of the floating-point variable is significant (such as when using other-language DLLs).
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Enumerated Types

Names for enumerated types must be meaningful to the purpose of the enumeration. The type
name must be prefixed with the T character to annotate it as a type declaration. The identifier
list of the enumerated type must contain a lowercase two-to-three-character prefix that relates it
to the original enumerated type name. Here’s an example:

TSongType = (stRock, stClassical, stCountry, stAlternative, stHeavyMetal,
StRB) ;

Variable instances of an enumerated type will be given the same name as the type without the T
prefix (SongType) unless there’s a reason to give the variable a more specific name, such as
FavoriteSongTypel, FavoriteSongType2, and so on.

Variant and OleVariant Types

The use of the variant and 0levariant types is discouraged in general, but these types are
necessary for programming when data types are known only at runtime, as is often the case in
COM and database development. Use Olevariant for COM-based programming such as
Automation and ActiveX controls, and use Variant for non-COM programming. The reason is
that a Variant can store native Delphi strings efficiently (like a string var), but Olevariant
converts all strings to OLE strings (WideChar strings) and are not reference counted; instead,
they’re always copied.

Structured Types

Array Types
Names for array types must be meaningful to the purpose for the array. The type name must be
prefixed with a T character. If a pointer to the array type is declared, it must be prefixed with
the character P and declared immediately prior to the type declaration. Here’s an example:
type

PCycleArray = "“TCycleArray;

TCycleArray = array[1..100] of integer;

When practical, variable instances of the array type shall be given the same name as the type
name without the T prefix.

Record Types

A record type shall be given a name meaningful to its purpose. The type declaration must be
prefixed with the character T. If a pointer to the record type is declared, it must be prefixed
with the character P and declared immediately prior to the type declaration. The type declara-
tion for each element may be optionally aligned in a column to the right. Here’s an example:

type
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PEmployee = "“TEmployee;

TEmployee = record
EmployeeName: string
EmployeeRate: Double;

end;

Statements

if Statements
The most likely case to execute in an if/then/else statement shall be placed in the then
clause, with less likely cases residing in the else clause(s).

Try to avoid chaining if statements and use case statements instead if at all possible.
Do not nest if statements more than five levels deep. Create a clearer approach to the code.
Do not use extraneous parentheses in an if statement.

If multiple conditions are being tested in an if statement, conditions shall be arranged from
left to right in order of least to most computation intensive. This enables your code to take
advantage of short-circuit Boolean evaluation logic built into the compiler. For example, if
Condition1 is faster than Condition2, and Condition2 is faster than Condition3, then the if
statement shall be constructed as follows:

if Conditioni and Condition2 and Condition3 then

case Statements

General Topics
The individual cases in a case statement shall be ordered by the case constant either numeri-
cally or alphabetically.

The actions statements of each case shall be kept simple and generally shall not exceed four to
five lines of code. If the actions are more complex, the code shall be placed in a separate pro-
cedure or function.

The else clause of a case statement shall be used only for legitimate defaults or to detect
errors.

Formatting
case statements follow the same formatting rules as other constructs in regards to indentation
and naming conventions.

while Statements
The use of the Exit procedure to exit a while loop is discouraged; when possible, you shall
exit the loop using only the loop condition.
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All initialization code for a while loop shall occur directly before entering the while loop and
shall not be separated by other nonrelated statements.

Any ending housekeeping shall be done immediately following the loop.

for Statements
for statements shall be used in place of while statements when the code must execute for a
known number of increments.

repeat Statements
repeat statements are similar to while loops and shall follow the same general guidelines.

with Statements

General Topics

The with statement shall be used sparingly and with considerable caution. Avoid overuse of
with statements and beware of using multiple objects, records, and so on in the with state-
ment. For example,

with Recordl, Record2 do

can confuse the programmer and can easily lead to difficult-to-detect bugs.

Formatting
with statements follow the same formatting rules in regard to naming conventions and indenta-
tion as described previously in this document.

Structured Exception Handling

General Topics

Exception handling shall be used abundantly for both error correction and resource protection.
This means that in all cases where resources are allocated, a try..finally must be used to
ensure proper deallocation of the resource. The exception to this involves cases where
resources are allocated/freed in the initialization/finalization of a unit or the
constructor/destructor of an object.

Use of try..finally
Where possible, each allocation shall be matched with a try..finally construct. For example,
the following code could lead to possible bugs:

SomeClass1 := TSomeClass.Create;
SomeClass2 := TSomeClass.Create;
try

{ do some code }
finally
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SomeClass1.Free;
SomeClass2.Free;
end;

A safer approach to the preceding allocation would be this:

SomeClass1 := TSomeClass.Create
try

SomeClass2 := TSomeClass.Create;

try

{ do some code }
finally
SomeClass2.Free;

end;
finally

SomeClass1.Free;
end;

Use of try..except

Use try..except only when you want to perform some task when an exception is raised. In
general, you shall not use try..except to simply show an error message on the screen because
that will be done automatically in the context of an application by the Application object. If
you want to invoke the default exception handling after you’ve performed some task in the
except clause, use raise to reraise the exception to the next handler.

Use of try..except..else
The use of the else clause with try. .except is discouraged because it will block all excep-
tions, even those for which you may not be prepared.

Classes

Naming/Formatting
Type names for classes shall be meaningful to the purpose of the class. The type name must
have the T prefix to annotate it as a type definition. Here’s an example:

type
TCustomer = class(TObject)

Instance names for classes will generally match the type name of the class without the T prefix:

var
Customer: TCustomer;
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See the section “Component Type Naming Standards” for further information on
naming components.

Fields

Naming/Formatting
Class field names follow the same naming conventions as variable identifiers, except they’re
prefixed with the F annotation to signify that they’re field names.

Visibility
All fields shall be private. Fields that are accessible outside the class scope shall be made
accessible through the use of a property.

Methods

Naming/Formatting
Method names follow the same naming conventions as described for procedures and functions
in this document.

Use of Static Methods
Use static methods when you do not intend for a method to be overridden by descendant
classes.

Use of Virtual/Dynamic Methods

Use virtual methods when you intend for a method to be overridden by descendant classes.
Dynamic methods shall only be used on classes of which there will be many descendants
(direct or indirect). For example, when working with a class that contains one infrequently
overridden method and 100 descendent classes, you shall make the method dynamic to reduce
the memory use by the 100 descendent classes.

Use of Abstract Methods
Do not use abstract methods on classes of which instances will be created. Use abstract meth-
ods only on base classes that will never be created.

Property-Access Methods
All access methods must appear in the private or protected sections of the class definition.

The naming conventions for property-access methods follow the same rules as for procedures
and functions. The read accessor method (reader method) must be prefixed with the word Get.
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The write accessor method (writer method) must be prefixed with the word Set. The parameter
for the writer method shall have the name Value, and its type shall be that of the property it
represents. Here’s an example:
TSomeClass = class(TObject)
private
FSomeField: Integer;
protected
function GetSomeField: Integer;
procedure SetSomeField( Value: Integer);
public
property SomeField: Integer read GetSomeField write SetSomeField;
end;

Properties

Naming/Formatting
Properties that serve as accessors to private fields will be named the same as the fields they
represent, without the F annotator.

Property names shall be nouns, not verbs. Properties represent data; methods represent actions.

Array property names shall be plural. Normal property names shall be singular.

Use of Access Methods
Although not required, it’s encouraged that you use, at a minimum, a write access method for
properties that represent a private field.

Files

Project Files

Naming

Project files shall be given descriptive names. For example, The Delphi 5 Developer’s Guide
Bug Manager is given the project name DDGBugs .dpr. A system information program shall be
given a name such as SysInfo.dpr.

Form Files

Naming

A form file shall be given a name descriptive of the form’s purpose, postfixed with the charac-
ters Frm. For example, an About form would have the filename AboutFrm.dpr, and a Main
form would have the filename MainFrm.dpr.
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Data Module Files

Naming

A data module shall be given a name that’s descriptive of the data module’s purpose. The name
shall be postfixed with the characters DM. For example, a Customers data module will have the
form filename CustomersDM.dfm.

Remote Data Module Files

Naming

A remote data module shall be given a name that’s descriptive of the remote data module’s
purpose. The name shall be postfixed with the characters RDM. For example, a Customers
remote data module would have the form filename CustomersRDM. dfm.

Unit Files

General Unit Structure

Unit Name
Unit files shall be given descriptive names. For example, the unit containing an application’s
main form might be called MainFrm.pas.

The uses Clause

A uses clause in the interface section shall only contain units required by code in the inter-
face section. Remove any extraneous unit names that might have been automatically inserted
by Delphi.

A uses clause in the implementation section shall only contain units required by code in the
implementation section. Remove any extraneous unit names.

The interface Section

The interface section shall contain declarations for only those types, variables,
procedure/function forward declarations, and so on that are to be accessible by external units.
Otherwise, these declarations shall go into the implementation section.

The implementation Section
The implementation section shall contain any declarations for types, variables,
procedures/functions, and so on that are private to the containing unit.

The initialization Section
Do not place time-intensive code in the initialization section of a unit. This will cause the
application to seem sluggish upon startup.
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The finalization Section
Make sure you deallocate any items you allocated in the initialization section.

Form Units

Naming

A unit file for a form shall be given the same name as its corresponding form file. For exam-
ple, an About form would have the unit name AboutFrm.pas, and a Main form would have the
unit filename MainFrm.pas.

Data Module Units

Naming
Unit files or data modules shall be given the same names as their corresponding form files. For
example, a Customers data module unit would have the unit name CustomersDM. pas.

General-purpose Units

Naming

A general-purpose unit shall be given a name meaningful to the unit’s purpose. For example, a
utilities unit would be given the name BugUtilities.pas, and a unit containing global vari-
ables would be given the name CustomerGlobals.pas.

Keep in mind that unit names must be unique across all packages used by a project. Generic or
common unit names are not recommended.

Component Units

Naming

Component units shall be placed in a separate directory to distinguish them as units defining
components or sets of components. They shall never be placed in the same directory as the
project. The unit name must be meaningful to its content.

NoTE

See the section “User-Defined Components” for further information on component-
naming standards.

File Headers

Use of informational file headers is encouraged for all source files, project files, units, and so
on. A proper file header must contain the following information:

{
Copyright © YEAR by AUTHORS

}
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Forms and Data Modules

Forms
Form Type Naming Standard

Form types shall be given names descriptive of the form’s purpose. The type definition shall be
prefixed with a T, and a descriptive name shall follow the prefix. Finally, Form shall postfix the
descriptive name. For example, the type name for an About form would be

TAboutForm = class(TForm)
A main form definition would be
TMainForm = class(TForm)

The customer entry form would have a name such as
TCustomerEntryForm = class(TForm)
Form Instance Naming Standard

Form instances shall be named the same as their corresponding types, without the T prefix. For
example, for the preceding form types, the instance names are as follows:

Type Name Instance Name
TAboutForm AboutForm
TMainForm MainForm
TCustomerEntryForm CustomerEntryForm

Auto-creating Forms

Only the main form shall be autocreated unless there’s a good reason to do otherwise. All other
forms must be removed from the Autocreate list in the Project Options dialog box. See the fol-
lowing section for more information.

Modal Form Instantiation Functions

All form units shall contain a form-instantiation function that creates, sets up, and shows the
form modally as well as frees the form. This function shall return the modal result returned by
the form. Parameters passed to this function shall follow the parameter-passing standard speci-
fied in this document. This functionality is to be encapsulated in this way to facilitate code
reuse and maintenance.

The form variable shall be removed from the unit and declared locally in the form-instantiation
function. (Note that this requires that the form be removed from the Autocreate list in the
Project Options dialog box. See “Autocreating Forms™ earlier in this document.)
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For example, the following unit illustrates such a function for a GetUserData form:

unit UserDataFrm;
interface

uses

Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls;

type
TUserDataForm = class(TForm)
edtUserName: TEdit;
edtUserID: TEdit;

private

{ Private declarations }
public

{ Public declarations }
end;

function GetUserData(var aUserName: String; var aUserID: Integer): Word;

implementation
{$R *.DFM}

function GetUserData(var aUserName: String; var aUserID: Integer): Word;

var
UserDataForm: TUserDataForm;
begin
UserDataForm := TUserDataForm.Create(Application);
try
UserDataForm.Caption := 'Getting User Data';
Result := UserDataForm.ShowModal;
if ( Result = mrOK ) then begin
aUserName := UserDataForm.edtUserName.Text;
aUserID 1= StrToInt(UserDataForm.edtUserID.Text);
end;
finally
UserDataForm.Free;
end;
end;

end.
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Data Modules

Data Module Naming Standard

A DataModule type shall be given a name descriptive of the data module’s purpose. The type
definition shall be prefixed with a T, and a descriptive name shall follow the prefix. Finally, the
name shall be postfixed with the word DataModule. For example, the type name for a
Customer data module would be something such as this:

TCustomerDataModule = class(TDataModule)

Similarly, an Orders data module might have the following name:
TOrdersDataModule = class(TDataModule)

Data Module Instance Naming Standard

Data module instances will be named the same as their corresponding types, without the T pre-
fix. For example, for the preceding form types, the instance names are as follows:

Type Name Instance Name

TCustomerDataModule CustomerDataModule

TOrdersDataModule OrdersDataModule
Packages

Use of Runtime Versus Design Packages

Runtime packages shall contain only units/components required by other components in that
package. Other units containing property/component editors and other design-only code shall
be placed into a design package. Registration units shall also be placed into a design package.

File Naming Standards
Packages shall be named according to the following templates:
e iiilibvv.dpk (design package)
e iiistdvv.dpk (runtime package)
Here, the characters iii signify a three-character identifying prefix. This prefix may be used to

identify a company, person, or any other identifying entity.

The characters vv signify a version for the package corresponding to the Delphi version for
which the package is intended.

Note that the package name contains either 1ib or std to signify it as a runtime or design-time
package.
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In cases where there are both design-time and runtime packages, the files shall be named simi-
larly. For example, packages for Delphi 5 Developer’s Guide are named as follows:

* DdgLib50.dpk (design package)

* DdgStd50.dpk (runtime package)

Components

User-Defined Components
Component Type Naming Standards

Components shall be named similarly to classes as defined in the “Classes” section, with the
exception that components are given a three-character identifying prefix. This prefix may be
used to identify a company, person, or any other entity. For example, a clock component writ-
ten for Delphi 5 Developer’s Guide would be defined as follows:

TddgClock = class(TComponent)

Note that the three-character prefix is in lowercase.

Component Units

Component units shall contain only one major component. A major component is any compo-
nent that appears on the Component Palette. Any ancillary components/objects may also reside
in the same unit as the major component.

Use of Registration Units

The registration procedure for components shall be removed from the component unit and
placed in a separate unit. This registration unit shall be used to register any components, prop-
erty editors, component editors, experts, and so on.

Component registering shall be done only in the design packages; therefore, the registration
unit shall be contained in the design package and not in the runtime package.

It’s suggested that registration units be named as follows:
XxxReg.pas

Here, Xxx is a three-character prefix used to identify a company, person, or any other entity.
For example, the registration unit for the components in the Delphi 5 Developer’s Guide would
be named DdgReg. pas.

Component Instance Naming Conventions

All componentsmust be given descriptive names. No components shall be left with the default
names assigned to them by Delphi. Components shall be named using a variation of the
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Hungarian naming convention. According to this standard, the component name shall consist
of two parts: a component type prefix and qualifier name.

Component Type Prefixes
The component type prefix is a set of lower case letters that represent the component type. For
example, the following are valid component type prefixes for the components specified.

TButton btn
TEdit edt
TSpeedButton spdbtn
TListBox Istbx

As shown above, the component type prefix is created by modifying the component type name
(ie: TButton, TEdit) to a prefix. The following rules illustrate how to define a component type
prefix:

1. Remove any “T” prefixes from the components type name. For example, “TButton”
becomes “Button”

2. Remove any vowels from the name formed in step 1 with the exception of the first
vowel. For example, “Button” becomes “bttn” and “edit” becomes “edt.”

3. Suppress double consonants. For example, “bttn” becomes “btn.”
4. If a naming conflict occurs, start adding vowels to the prefix for one of the components.

For example, if a new component “TBatton” is added, it will conflict with “TButton.”
Therefore, the prefix for “TBatton” becomes “batn.”

Component Qualifier Name

The component qualifier name shall be a descriptive of the component’s purpose. For example, a
TButton component with the purpose of closing a form would have the name “btnClose.” A TEdit
component used for editing the first name of a person would have the name “edtFirstName.”

Coding Standards Document Updates

This document will be updated regularly to reflect changes and enhancements to the Object
Pascal language and Visual Component Library. You can retrieve updates at http://www.
xapware.com/ddg.
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Delphi gives you the great advantage of easily integrating industry-standard ActiveX controls
(formerly known as OCX or OLE controls) into your applications. Unlike Delphi’s own custom
components, ActiveX controls are designed to be independent of any particular development
tool. This means that you can count on many vendors to provide a variety of ActiveX solutions
that open up a world of features and functionality.

ActiveX control support in 32-bit Delphi works similarly to the way VBX support works in
16-bit Delphi 1. You select an option to add new ActiveX controls from Delphi’s IDE main
menu or package editor, and Delphi builds an Object Pascal wrapper for the ActiveX control—
which is then compiled into a package and added to the Delphi Component Palette. Once
there, the ActiveX control seamlessly merges into the Component Palette along with your
other VCL and ActiveX components. From that point, you’re just a click and a drop away from
adding an ActiveX control to any of your applications. This chapter discusses integrating
ActiveX controls into Delphi, using an ActiveX control in your application, and shipping
ActiveX-equipped applications.

NoTE

Delphi 1 was the last version of Delphi to support VBX (Visual Basic Extension)
controls. If you have a Delphi 1 project that relies on one or more VBX controls,
check with the VBX vendors to see whether they supply a comparable ActiveX solu-
tion for use in your 32-bit Delphi applications.

What Is an ActiveX Control?

ActiveX controls are custom controls for 16-bit and 32-bit Windows applications that take
advantage of the COM-based OLE and ActiveX technologies. Unlike VBX controls, which are
designed for 16-bit Visual Basic (and therefore share Visual Basic’s limitations), ActiveX con-
trols were designed from the ground up with application independence in mind. Roughly
speaking, you can think of ActiveX controls as a merging of the easy-to-use VBX technology
with the open ActiveX standard. For the purposes of this chapter, you can think of OLE and
ActiveX as the same thing. If you're looking for greater distinction between these terms, take a
look at Chapter 23, “COM and ActiveX.”

Under the skin, an ActiveX control is really an ActiveX server that, in one package, can pro-
vide all the power of ActiveX —including all OLE functions and services, visual editing, drag
and drop, and OLE Automation. Like all ActiveX servers, ActiveX controls are registered in
the System Registry. ActiveX controls can be developed using a variety of products, including
Delphi, Borland C++Builder, Visual C++, and Visual Basic.



Using ActiveX Controls with Delphi

CHAPTER 7

Microsoft is actively promoting ActiveX controls as the choice medium for application-inde-
pendent custom controls; Microsoft has stated that VBX technology will not be directly sup-
ported in the Win32 operating systems and beyond. For this reason, developers should look to
ActiveX controls rather than VBX controls when developing 32-bit applications.
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For a more complete description of ActiveX control technology, see Chapter 25,
“Creating ActiveX Controls.”

Deciding When To Use an ActiveX Control

There are typically two reasons why you would use an ActiveX control rather than a native
Delphi component. The first reason is that no Delphi component is available that fits your par-
ticular need. Because the ActiveX control market is larger than that for VCL controls, you’re
likely to find a greater variety of fully featured “industrial strength” controls, such as word
processors, World Wide Web browsers, and spreadsheets, as ActiveX controls. The second rea-
son you would use an ActiveX control instead of a native Delphi control is if you develop in
multiple programming languages and you want to leverage your expertise in some particular
control or controls across the multiple development platforms.

Although ActiveX controls integrate seamlessly into the Delphi IDE, keep in mind some inher-
ent disadvantages to using ActiveX controls in your applications. The most obvious issue is
that, although Delphi components are built directly into an application executable, ActiveX
controls typically require one or more additional runtime files that must be deployed with an
executable. Another issue is that ActiveX controls communicate with applications through the
COM layer, whereas Delphi components communicate directly with applications and other
components. This means that a well-written Delphi component typically performs better than a
well-written ActiveX control. A more subtle disadvantage of ActiveX controls is that they’re a
“lowest common denominator” solution, so they won’t exploit all the capabilities of the devel-
opment tool in which they’re used.

Adding an ActiveX Control to
the Component Palette

The first step in using a particular ActiveX control in your Delphi application is adding that
control to the Component Palette in the Delphi IDE. This places an icon for the ActiveX con-
trol on the Component Palette among your other Delphi and ActiveX controls. After you add a
particular ActiveX control to the Component Palette, you can drop it on any form and use it as
you would any other Delphi control.
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To add an ActiveX control to the Component Palette, follow these steps:

1. Choose Component, Import ActiveX Control from the main menu. The Import ActiveX
dialog box appears (see Figure 7.1).

Import ActiveX
Import Active |

Active Setup Contiol Library [Version 1.0) =]
ActiveE type brary Version 1.0) =
ActiveFormProil Library [Version 1.0)

4B awse [Version 1.0
Al [Version
ircl modul

1.0
le (Version 1.0)

brary

3
3 0LE Coy

cadmwu OLE Control moduls [Version 1.0) =
| CAWDRKADEDGACODE ACH 25X CARDVAXCARD DX

Add Removs
Class names: [TCardx =l

Palette page: |activeX -

Unit dir name: |C.\F’ruglam Files\Borland\DelphiS\ mports J

Search path: $[DELPHI]\L\b,%[DELF'H\]\Bm,%[DELF'H\]\ImpurJ
Install | E.aategmtl Cancel | Help |

FIGURE 7.1
The Import ActiveX dialog box.

2. The Import ActiveX dialog box is divided into two parts: the top portion contains a list
box of registered ActiveX controls and provides Add and Remove buttons that enable
you to register and unregister controls. The bottom portion of the dialog box allows you
to specify parameters for creating a Delphi component and unit that encapsulates the
control.

3. If the name of the ActiveX control you want to use is listed in the top portion of the dia-
log box, proceed to step 4. Otherwise, click the Add button to register a new control with
the system. Clicking the Add button invokes the Register OLE Control dialog box (see
Figure 7.2). Select the name of the OCX or DLL file that represents the ActiveX control
you want to add to the system and click the Open button. This registers the selected
ActiveX control with the System Registry and dismisses the Register OLE Control dia-
log box.

4. In the upper portion of the Import ActiveX dialog box, select the name of the ActiveX
control you want to add to the Component Palette. The lower portion of the dialog box
contains edit controls for unit directory name, palette page, and search path as well as a
memo control that lists the classes contained within the OCX file. The pathname shown
in the Unit Dir Name edit box is the pathname of the Delphi wrapper component created
to interface with the ActiveX control. The filename defaults to the same name as the
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OCX file (with a .pas extension); the path defaults to the \Delphi5\Imports subdirec-
tory. Although the default is fine to use, you can edit the directory path to your liking.
Look i [ =3 AsCard = &| @ ek
File name:  [AxCard.ocx Dpen I
Files of type: [ActiveX control (oK) = Cancel ) é\ g
o3 a
m
— 'C_) >
FIGURE 7.2 z0A
The Register OLE Control dialog box. - § E
-
T X

5. The Palette Page edit control in the Import ActiveX dialog box contains the name of the
page on the Component Palette where you want this control to reside. The default is the
ActiveX page. You can choose another existing page; alternatively, if you make up a new
name, a corresponding page is created on the Component Palette.

6. The Class Names memo control in the Import ActiveX dialog box contains the names of
the new objects created in this control. You should normally leave these names set to the
default unless you have a specific reason for doing otherwise. For example, such a reason
would be if the default class name conflicts with another component already installed in
the IDE.

7. At this point, you can click either the Install or the Create Unit button in the Import
ActiveX dialog box. The Create Unit button will generate the source code for the unit for
the ActiveX control component wrapper. The Install button will generate the wrapper
code and then invoke the Install dialog box, which allows you to choose a package into
which you may install the component (see Figure 7.3).

Install

Into existing packags | Into new package |

Eiename: [F\promam fles\botand\delphis\Lib\dclusB0dpk =]

Description: IEnl\ar\d User Components

0K | cencd | Hep |

FIGURE 7.3
The Install dialog box.
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8. In the Install dialog box, you can choose to add the control to an existing package or cre-
ate a new package that will be installed to the Component Palette. Click OK in this dia-
log box, and the component will be installed to the palette.

Now your ActiveX control is on the Component Palette and ready to roll.

The Delphi Component Wrapper

Now is a good time to look into the Object Pascal wrapper created to encapsulate the ActiveX
control. Doing so can help shed some light on how Delphi’s ActiveX support works so that you
can understand the capabilities and limitations inherent in ActiveX controls. Listing 7.1 shows
the Card_TLB.pas unit generated by Delphi; this unit encapsulates the AxCard.ocx ActiveX
control.

NoTE

AxCard.ocx is an ActiveX control developed in Chapter 25, “Creating ActiveX
Controls.”

LisTING 7.1 The Delphi Component Wrapper Unit for AxCard.ocx.

unit AxCard_TLB;

// EEEE RS E RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES //

// WARNING

I ——=—-

// The types declared in this file were generated from data read from a
// Type Library. If this type library is explicitly or indirectly (via
// another type library referring to this type library) re-imported, or
// the 'Refresh' command of the Type Library Editor activated while

// editing the Type Library, the contents of this file will be

// regenerated and all manual modifications will be lost.
// R R RS EEE RS SRR RS EEEEE SR EER SRR EEREEEEEREEEEEEEEEEEEEEEEESES] //

// PASTLWTR : $Revision: 1.88 $
// File generated on 8/24/99 9:24:19 AM from Type Library described below

// ********************************************************************//

// NOTE:

// Items guarded by $IFDEF_LIVE_SERVER_AT_DESIGN_TIME are used by

// properties which return objects that may need to be explicitly created
// via a function call prior to any access via the property. These items
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// have been disabled in order to prevent accidental use from within the

// object inspector. You may enable them by defining

// LIVE_SERVER_AT_DESIGN_TIME or by selectively removing them from the

// $IFDEF blocks. However, such items must still be programmatically

// created via a method of the appropriate CoClass before they can be

// used.

// IR R RS S SRS EEEEEEEEEEEEEE RS EEE R E R R R R R R R R R EEEEEEEEEEEEEEEEEEEE RS //

// Type Lib: C:\work\d5dg\code\Ch25\AxCard\AxCard.tlb (1)

// IID\LCID: {7B33D940-0A2C-11D2-AE5C-04640BC10000}\0

// Helpfile:

// DepndLst: 7

// (1) v2.0 stdole, (C:\WINDOWS\SYSTEM\STDOLE2.TLB)

/] (2) v4.0 StdvCL, (C:\WINDOWS\SYSTEM\STDVCL4@.DLL) nc

// R EE R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE S // %%

{$TYPEDADDRESS OFF} // Unit must be compiled without type-checked Eg;

// pointers. 20 Qq

interface T2
- m
T X

uses Windows, ActiveX, Classes, Graphics, OleServer, 0leCtrls, StdVCL;

// ********************************************************************//

// GUIDS declared in the TypeLibrary. Following prefixes are used:

// Type Libraries : LIBID XXXX
//  CoClasses 1 CLASS_xxxx
//  DISPInterfaces : DIID_XxXX

// Non-DISP interfaces: IID_xxxx
// ********************************************************************//
const

// TypeLibrary Major and minor versions

AxCardMajorVersion = 1;

AxCardMinorVersion 0;

LIBID_AxCard: TGUID = '{7B33D940-0A2C-11D2-AE5C-04640BC10000}";

IID_ICardX: TGUID = '{7B33D941-0A2C-11D2-AE5C-04640BC10000}";
DIID_ICardXEvents: TGUID = '{7B33D943-0A2C-11D2-AE5C-04640BC10000}";
CLASS_CardX: TGUID = '{7B33D945-0A2C-11D2-AE5C-04640BC10000}"';

// ********************************************************************//

// Declaration of Enumerations defined in Type Library
// ********************************************************************//

// Constants for enum TxDragMode
type

TxDragMode = TOleEnum;
const

dmManual = $00000000;

dmAutomatic = $00000001;
continues
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LisTING 7.1 Continued

// Constants for enum TxCardSuit
type

TxCardSuit = TOleEnum;
const

csClub = $00000000;

csbiamond = $00000001;

csHeart = $00000002;

csSpade = $00000003;

// Constants for enum TxCardValue

type
TxCardValue = TOleEnum;
const
cvAce = $00000000;
cvTwo = $00000001;

cvThree = $00000002;
cvFour = $00000003;
cvFive = $00000004;
cvSix = $00000005;

cvSeven = $00000006;
cvEight = $00000007;
cvNine = $00000008;
cvTen = $00000009;

cvdack = $0000000A;
cvQueen = $00000008B;
cvKing = $0000000C;

// Constants for enum TxMouseButton
type

TxMouseButton = TOleEnum;
const

mbLeft = $00000000;

mbRight = $00000001;

mbMiddle = $00000002;

// Constants for enum TxAlignment
type
TxAlignment = TOleEnum;
const
taLeftdustify = $00000000;
taRightJustify = $00000001;
taCenter = $00000002;

// Constants for enum TxBiDiMode
type
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TxBiDiMode = TOleEnum;

const
bdLeftToRight = $00000000;
bdRightToLeft = $00000001;
bdRightToLeftNoAlign = $00000002;
bdRightToLeftReadingOnly = $00000003;

type

// *******************************************************************//

// Forward declaration of types defined in TypeLibrary

// *******************************************************************//
ICardX = interface;
ICardXDisp = dispinterface;
ICardXEvents = dispinterface;

IHd13Q
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// *******************************************************************//

// Declaration of CoClasses defined in Type Library
// (NOTE: Here we map each CoClass to its Default Interface)

// *******************************************************************//

CardX = ICardX;

// *******************************************************************//

// Interface: ICardX

// Flags: (4416) Dual OleAutomation Dispatchable

// GUID: {7B33D941-0A2C-11D2-AE5C-04640BC10000}

// *******************************************************************//

ICardX = interface(IDispatch)

['{7B33D941-0A2C-11D2-AE5C-04640BC10000} ']
function Get_BackColor: OLE_COLOR; safecall;
procedure Set_BackColor(Value: OLE_COLOR); safecall;
function Get_Color: OLE_COLOR; safecall;
procedure Set_Color(Value: OLE_COLOR); safecall;
function Get_DragCursor: Smallint; safecall;
procedure Set_DragCursor(Value: Smallint); safecall;
function Get_DragMode: TxDragMode; safecall;
procedure Set_DragMode(Value: TxDragMode); safecall;
function Get_FaceUp: WordBool; safecall;
procedure Set_FaceUp(Value: WordBool); safecall;
function Get_ParentColor: WordBool; safecall;
procedure Set_ParentColor(Value: WordBool); safecall;
function Get_Suit: TxCardSuit; safecall;
procedure Set_Suit(Value: TxCardSuit); safecall;
function Get_Value: TxCardValue; safecall;
procedure Set_Value(Value: TxCardValue); safecall;

continues
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LisTING 7.1 Continued

Il
11l
Il
I
Il

function Get_DoubleBuffered: WordBool; safecall;

procedure Set_DoubleBuffered(Value: WordBool); safecall;

procedure FlipChildren(AllLevels: WordBool); safecall;

function DrawTextBiDiModeFlags(Flags: Integer): Integer; safecall;

function DrawTextBiDiModeFlagsReadingOnly: Integer; safecall;

function Get_Enabled: WordBool; safecall;

procedure Set_Enabled(Value: WordBool); safecall;

function GetControlsAlignment: TxAlignment; safecall;

procedure InitiateAction; safecall;

function IsRightToLeft: WordBool; safecall;

function UseRightToLeftAlignment: WordBool; safecall;

function UseRightToLeftReading: WordBool; safecall;

function UseRightToLeftScrollBar: WordBool; safecall;

function Get_BiDiMode: TxBiDiMode; safecall;

procedure Set BiDiMode(Value: TxBiDiMode); safecall;

function Get_Visible: WordBool; safecall;

procedure Set_Visible(Value: WordBool); safecall;

function Get_Cursor: Smallint; safecall;

procedure Set_Cursor(Value: Smallint); safecall;

function ClassNameIs(const Name: WideString): WordBool; safecall;

procedure AboutBox; safecall;

property BackColor: OLE_COLOR read Get_BackColor write Set_BackColor;

property Color: OLE_COLOR read Get_Color write Set_Color;

property DragCursor: Smallint read Get_DragCursor write
Set_DragCursor;

property DragMode: TxDragMode read Get_DragMode write Set_DragMode;

property FaceUp: WordBool read Get FaceUp write Set FaceUp;

property ParentColor: WordBool read Get_ParentColor write
Set_ParentColor;

property Suit: TxCardSuit read Get_Suit write Set_Suit;

property Value: TxCardValue read Get_Value write Set_Value;

property DoubleBuffered: WordBool read Get_DoubleBuffered write
Set_DoubleBuffered;

property Enabled: WordBool read Get_Enabled write Set_Enabled;

property BiDiMode: TxBiDiMode read Get_BiDiMode write Set_BiDiMode;

property Visible: WordBool read Get_Visible write Set_Visible;

property Cursor: Smallint read Get_Cursor write Set_Cursor;

end;

*******************************************************************//

DispIntf: ICardXDisp
Flags: (4416) Dual OleAutomation Dispatchable
GUID: {7B33D941-0A2C-11D2-AE5C-04640BC10000}

*******************************************************************//

ICardXDisp = dispinterface
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['{7B33D941-0A2C-11D2-AE5C-04640BC10000} ']
property BackColor: OLE_COLOR dispid 1;
property Color: OLE_COLOR dispid -501;
property DragCursor: Smallint dispid 2;
property DragMode: TxDragMode dispid 3;
property FaceUp: WordBool dispid 4;
property ParentColor: WordBool dispid 5;
property Suit: TxCardSuit dispid 6;
property Value: TxCardValue dispid 7;
property DoubleBuffered: WordBool dispid 10;
procedure FlipChildren(AllLevels: WordBool); dispid 11;
function DrawTextBiDiModeFlags(Flags: Integer): Integer; dispid 14;
function DrawTextBiDiModeFlagsReadingOnly: Integer; dispid 15;
property Enabled: WordBool dispid -514;
function GetControlsAlignment: TxAlignment; dispid 16;
procedure InitiateAction; dispid 18;
function IsRightToLeft: WordBool; dispid 19;
function UseRightToLeftAlignment: WordBool; dispid 24;
function UseRightToLeftReading: WordBool; dispid 25;
function UseRightTolLeftScrollBar: WordBool; dispid 26;
property BiDiMode: TxBiDiMode dispid 27;
property Visible: WordBool dispid 28;
property Cursor: Smallint dispid 29;
function ClassNameIs(const Name: WideString): WordBool; dispid 33;
procedure AboutBox; dispid -552;
end;
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// *******************************************************************//

// DispIntf: ICardXEvents
// Flags: (4096) Dispatchable
// GUID: {7B33D943-0A2C-11D2-AE5C-04640BC10000}
// *******************************************************************//
ICardXEvents = dispinterface
['{7B33D943-0A2C-11D2-AE5C-04640BC10000} ']
procedure OnClick; dispid 1;
procedure OnDblClick; dispid 2;
procedure OnKeyPress(var Key: Smallint); dispid 7;
end;

// *******************************************************************//

// OLE Control Proxy class declaration
// Control Name : TCardX

// Help String : CardX Control

// Default Interface: ICardX

// Def. Intf. DISP? : No

continues
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// Event Interface: ICardXEvents
/] TypeFlags : (34) CanCreate Control
// *******************************************************************//
TCardXOnKeyPress = procedure(Sender: TObject; var Key: Smallint) of
object;

TCardX = class(TOleControl)
private
FOnClick: TNotifyEvent;
FOnDblClick: TNotifyEvent;
FOnKeyPress: TCardXOnKeyPress;
FIntf: ICardX;
function GetControlInterface: ICardX;
protected
procedure CreateControl;
procedure InitControlData; override;
public
procedure FlipChildren(AllLevels: WordBool);
function DrawTextBiDiModeFlags(Flags: Integer): Integer;
function DrawTextBiDiModeFlagsReadingOnly: Integer;
function GetControlsAlignment: TxAlignment;
procedure InitiateAction;
function IsRightToLeft: WordBool;
function UseRightToLeftAlignment: WordBool;
function UseRightToLeftReading: WordBool;
function UseRightTolLeftScrollBar: WordBool;
function ClassNameIs(const Name: WideString): WordBool;
procedure AboutBox;
property ControlInterface: ICardX read GetControlInterface;
property DefaultInterface: ICardX read GetControllInterface;
property DoubleBuffered: WordBool index 10 read GetWordBoolProp write
SetWordBoolProp;
property Enabled: WordBool index -514 read GetWordBoolProp write
SetWordBoolProp;
property BiDiMode: TOleEnum index 27 read GetTOleEnumProp write
SetTOleEnumProp;
property Visible: WordBool index 28 read GetWordBoolProp write
SetWordBoolProp;
published
property TabStop;
property Align;
property ParentShowHint;
property PopupMenu;
property ShowHint;
property TabOrder;
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property OnDragDrop;

property OnDragOver;

property OnEndDrag;

property OnEnter;

property OnExit;

property OnStartDrag;

property BackColor: TColor index 1 read GetTColorProp write
SetTColorProp stored False;

property Color: TColor index -501 read GetTColorProp write
SetTColorProp stored False;

property DragCursor: Smallint index 2 read GetSmallintProp write
SetSmallintProp stored False;

property DragMode: TOleEnum index 3 read GetTOleEnumProp write
SetTOleEnumProp stored False;

property FaceUp: WordBool index 4 read GetWordBoolProp write
SetWordBoolProp stored False;

property ParentColor: WordBool index 5 read GetWordBoolProp write
SetWordBoolProp stored False;

property Suit: TOleEnum index 6 read GetTOleEnumProp write
SetTOleEnumProp stored False;

property Value: TOleEnum index 7 read GetTOleEnumProp write
SetTOleEnumProp stored False;

property Cursor: Smallint index 29 read GetSmallintProp write
SetSmallintProp stored False;

property OnClick: TNotifyEvent read FOnClick write FOnClick;

property OnDblClick: TNotifyEvent read FOnDblClick write FOnDblClick;

property OnKeyPress: TCardXOnKeyPress read FOnKeyPress write
FOnKeyPress;

end;
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procedure Register;
implementation
uses ComObj;

procedure TCardX.InitControlData;
const
CEventDispIDs: array [0..2] of DWORD = (
$00000001, $00000002, $00000007);
CControlData: TControlData2 = (
ClassID: '{7B33D945-0A2C-11D2-AE5C-04640BC10000}";
EventIID: '{7B33D943-0A2C-11D2-AE5C-04640BC10000}";
EventCount: 3;
EventDispIDs: @CEventDispIDs;
LicenseKey: nil (*HR:$00000000*);
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Flags: $00000009;
Version: 401);
begin
ControlData := @CControlData;

TControlData2(CControlData).FirstEventOfs :

Cardinal (@@FOnClick) - Cardinal(Self);
end;

procedure TCardX.CreateControl;

procedure DoCreate;
begin

FIntf := IUnknown(OleObject) as ICardX;
end;

begin
if FIntf = nil then DoCreate;
end;

function TCardX.GetControlInterface: ICardX;

begin
CreateControl;
Result := FIntf;
end;

procedure TCardX.FlipChildren(AllLevels: WordBool);

begin
DefaultInterface.FlipChildren(AllLevels);
end;

function TCardX.DrawTextBiDiModeFlags(Flags:
begin

Integer):

Integer;

Result := DefaultInterface.DrawTextBiDiModeFlags(Flags);

end;

function TCardX.DrawTextBiDiModeFlagsReadingOnly: Integer;

begin

Result := DefaultInterface.DrawTextBiDiModeFlagsReadingOnly;

end;

function TCardX.GetControlsAlignment: TxAlignment;

begin

Result := DefaultInterface.GetControlsAlignment;

end;
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procedure TCardX.InitiateAction;
begin

DefaultInterface.InitiateAction;
end;
function TCardX.IsRightToLeft: WordBool;
begin

Result := DefaultInterface.IsRightToLeft;
end;
function TCardX.UseRightToLeftAlignment: WordBool; 7
begin

Result := DefaultInterface.UseRightToLeftAlignment; 9
end; 2

g3

function TCardX.UseRightToLeftReading: WordBool; E Py
begin =

Result := DefaultInterface.UseRightToLeftReading; e
end;

function TCardX.UseRightToLeftScrollBar: WordBool;
begin

Result := DefaultInterface.UseRightToLeftScrollBar;
end;

function TCardX.ClassNamelIs(const Name: WideString): WordBool;
begin

Result := DefaultInterface.ClassNameIs(Name);
end;

procedure TCardX.AboutBox;
begin

DefaultInterface.AboutBox;
end;

procedure Register;

begin
RegisterComponents('ActiveX',[TCardX]);

end;

end.

Now that you’ve seen the code generated by the type library editor, let’s look a little deeper at
the type library import mechanism.
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Where Do Wrapper Files Come From?

The first thing you might notice is that the filename ends in _TLB. More subtly, you might have
caught on to the fact that there are several references to “library” in the generated source file.
Both of these are clues as to the origin of the wrapper file: the control’s type library. An
ActiveX control’s type library is special information linked to the control as a resource that
describes the different elements of an ActiveX control. In particular, type libraries contain
information such as the interfaces supported by a control, the properties, methods, and events
of a control, and the enumerated types used by the control. The first entry in the wrapper file is
the GUID of the control’s type library.

NoTE

Type libraries are used more generally for any type of Automation object. Chapter
23, “COM and ActiveX,” contains more information on type libraries and their use.

Enumerations

Looking at the generated unit from the top down, immediately following the type library
GUID, are the enumerated types used by the control. Notice that the enumerations are declared
as simple constants rather than true enumerated types. This is done because type library enu-
merations, like those in the C language, do not need to start at zero, and the element ordinals
do not need to be contiguous. Because this type of declaration isn’t legal in Object Pascal, the
enumerations must be declared as constants.

Control Interfaces

Next in the wrapper file, the control’s primary interface is declared. Here, you’ll find all

the properties and methods of the ActiveX control. The properties are also redeclared in a
dispinterface, thus allowing the control to be used as a dual interface. The events are
declared separately next in a dispinterface. You definitely don’t need to know about inter-
faces to use ActiveX controls in your applications. What’s more, working with interfaces can
be a complicated topic, so we won’t go into too much detail right now. You’ll find more infor-
mation on interfaces in general in Chapter 23, “COM and ActiveX,” and information on inter-
faces with ActiveX controls in Chapter 25, “Creating ActiveX Controls.”

TOleControl Descendant

Next in the unit file comes the class definition for the control wrapper. By default, the name of
the ActiveX control wrapper object is TXX, where X is the name of the control’s coclass in the
type library. This object, like all ActiveX control wrappers, descends from the T0leControl
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class. T0leControl is a window handle-bearing component that descends from TwinControl.
TOleControl encapsulates the complexities of mapping the functionality of ActiveX controls to
Delphi components so that ActiveX controls work seamlessly from Delphi. T0leControl is an
abstract class—meaning that you never want to create an instance of one but instead use it as a
starting place for other classes.

The Methods

The first procedure shown is the InitControlData() procedure. This procedure is introduced
in the TOleControl object and is overridden for all descendants. It sets up the unique OLE
class and event identification numbers in addition to other control-specific information. In par-
ticular, this method makes the TOleControl aware of important ActiveX control details such as
class IDs, control miscellaneous flags, and a license key if the control is licensed. This method
is found in the protected part of the class definition because it’s not useful to users of the
class—it only has meaning internal to the class.
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The InitControlInterface () method is overridden to initialize the private FIntf interface
field with a pointer to the control’s ICardsX interface.

The CardX ActiveX control exposes only one other method: AboutBox (). It’s standard for
ActiveX controls to contain a method called AboutBox () that invokes a custom About dialog
box for the control. This method is called through the vTable interface using the
ControlInterface property, which is read from the FIntf field.

NoTE

In addition to vTable calls using the ControlInterface property, Control methods
can also be invoked via Automation using T0leControl’s 0leObject property. As
you'll learn in Chapter 23, “COM and ActiveX,"” it's usually more efficient to call
methods via the vTable rather than through Automation.

The Properties

You might have noticed that the TCardX class has two distinct groups of properties. One group
does not have read and write values specified. These are standard Delphi component properties
and events inherited from the TWinControl and TComponent ancestor classes. The other group
of properties all have an index as well as get and set methods specified. This group of proper-
ties includes the ActiveX control properties being encapsulated by the T0leControl.

The specialized get and set methods for the encapsulated properties provide the magic that
bridges the gap between the ActiveX control properties and the Object Pascal component prop-
erties. Notice the read and write methods that get and set properties for every specific type
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(such as GetBoolProp(), SetBoolProp(), GetStringProp(), SetStringProp(), and so on)
Although there are get and set methods for each property type, they all operate similarly. In
fact, the following code shows generic get and set methods for T0OleControl that would work
given a property of type X:
function TOleControl.GetXProp(Index: Integer): X;
var

Temp: TvarData;
begin

GetProperty(Index, Temp);

Result := Temp.VX;
end;

procedure TOleControl.SetXProp(Index: Integer; Value: X);
var
Temp: TVarData;
begin
Temp.VType := varX;
Temp.VX := Value;
SetProperty(Index, Temp);
end;

In this code, the index of the property (as indicated by the index directive in the properties of
the TCardsCtrl component) is implicitly passed to the procedures. The variable of type X is
packaged into a TvarData (a record that represents a Variant) data record, and those parameters
are passed to the GetProperty() or SetProperty() method of T0leControl. Each property of
the ActiveX control has a unique index that acts as an identifier. Using this index and the
TvarData variable Temp, GetProperty () and SetProperty() use OLE Automation to get and
set the property values inside the ActiveX control.

If you’ve worked with other development packages before, you’ll appreciate that Delphi pro-
vides easy access not only to the ActiveX control’s own properties but also to normal
TwinControl properties and methods. This enables you to use an ActiveX control like other
handle-bearing controls in Delphi and makes it possible for you to use object-oriented princi-
ples to override the behavior of an ActiveX control by creating customized descendants of
ActiveX controls in the Delphi environment.

Using ActiveX Controls in Your Applications

After you link your ActiveX control wrapper into the component library, you’ve actually
fought most of the battle. After an ActiveX control has been placed on the Component Palette,
its usage is much the same as that of a regular Delphi component. Figure 7.4 shows the Delphi
environment with a TCardX focused in the Form Designer. Notice the TCardX properties listed
in the Object Inspector.
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In addition to an ActiveX control’s properties being set with the Object Inspector, some T X

ActiveX controls also provide a Properties dialog box that’s revealed by selecting the
Properties option from the context menu in the Delphi Form Designer. The context menu, also
shown in Figure 7.4, is revealed by right-clicking over a particular control. The Properties dia-
log box actually lives within the ActiveX control; its look, feel, and contents are determined
entirely by the control designer. Figure 7.5 shows the Properties dialog box for the TCardX
ActiveX control.

CardX1 Properties [X]
Colors [Eaid |

A |- eEwEse
Al
Al seee

’Tl Cancel | Apply

FIGURE 7.5
The TCardX Properties dialog box.

As you can imagine, this particular control comes equipped with properties that enable you to
specify card suit, value, color and picture for card back as well as the standard properties that
refer to position, tab order, and so on. The card in Figure 7.4 has its Value property set to 1
(Ace) and its Suit property set to 3 (Spades).
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Shipping ActiveX Control-Equipped Applications

When you’re ready to ship your ActiveX control-equipped application, there are some deploy-
ment issues to bear in mind as you prepare to send your ActiveX control and associated files to
your customers:

* You must ship the OCX or DLL file that contains the ActiveX controls you’re using in
your application. OCX files, being DLLs, are not linked into your application’s exe-
cutable. Additionally, before the user can use your application, the ActiveX control must
be registered in that user’s System Registry. ActiveX control registration is discussed in
the following section.

e Some ActiveX controls require one or more external DLLs or other files to operate.
Check the documentation for your third-party ActiveX controls to determine whether any
additional files must be deployed with your ActiveX control. See Chapter 25, “Creating
ActiveX Controls,” for information on what additional files might need to be deployed
along with your Delphi-written controls.

* Many ActiveX controls come with a license file that’s required if you want to use the
control at design time. This file comes from the ActiveX control vendor, and it prevents
your end users from designing applications with ActiveX controls you ship with your
applications. You should not ship these LIC files with your application unless you intend
for users of your application to use the licensed controls in a development tool and you
have the appropriate license for such redistribution.

ActiveX Control Registration

Before an ActiveX control can be used on any system (including those of customers or clients
who run your applications), it must be registered with the System Registry. Most commonly,
this is accomplished using the RegSvr32.exe application, which comes with most versions of
Windows. Alternatively, you can use the TRegSvr.exe command-line registration utility found
in the Delphi bin directory. Occasionally, you might want to register the control more transpar-
ently to give your application an integrated feel. Luckily, it’s not difficult to integrate ActiveX
control registration (and unregistration) into your application. Inprise provides the source code
for the TRegSvr utility as a sample application, and it provides an excellent demonstration for
how to register ActiveX servers and type libraries.

BlackJack: An OCX Application Example

The best way to demonstrate how to use an ActiveX control in an application is to show you
how to write a useful application that incorporates an ActiveX control. This example uses the
TCardX ActiveX control; what better way to demonstrate a card control than to make a black-
jack game? For the sake of argument, assume that all programmers are high rollers and don’t
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need to be told the rules of the game (didn’t know this book was a comedy, did you?). This
way, you can concentrate on the programming job at hand.

As you can imagine, most of the code for this application deals with the logic of the game of
blackjack. All the code is provided in the listings later in this chapter; right now, the discussion
is narrowed to the individual portions of code that deal directly with managing and manipulat-
ing the ActiveX controls. The name of this project is BJ; to give you an idea of where the code
comes from, Figure 7.6 shows a game of DDG BlackJack in progress.

/¥ DDEG BlackJack [-[O[X]
Blay Help

it
Hold

Double Down

([ b

Exit

Cash 100
Bet o

:

FIGURE 7.6
Playing DDG BlackJack.

The Card Deck

Before writing the game itself, you must first write an object that encapsulates a deck of play-
ing cards. Unlike a real card deck (in which cards are picked from the top of a scrambled
deck), this card deck object contains an unscrambled card deck and uses pseudorandom num-
bers to pick a random card from the unscrambled deck. This is possible because each card has
a notion of whether it has been used. This greatly simplifies the shuffle procedure, too, because
all the object has to do is set each of the cards to unused. The code for the PlayCard.pas unit,
which contains the TCardDeck object, is shown in Listing 7.2.

LISTING 7.2 The PlayCard.pas Unit

unit PlayCard;
interface
uses SysUtils, Cards;

type

continues
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ECardError = class(Exception); // generic card exception

TPlayingCard = record // represents one card
Face: TCardValue; // card face value
Suit: TCardSuit; // card suit value

end;

{ an array of 52 cards representing one deck }
TCardArray = array[1..52] of TPlayingCard;

{ Object which represents a deck of 52 UNIQUE cards. }
{ This is a scrambled deck of 52 cards, and the }
{ object keeps track of how far throughout the deck }
{ the user has picked. }
TCardDeck = class
private

FCardArray: TCardArray;

FTop: integer;

procedure InitCards;

function GetCount: integer;
public

property Count: integer read GetCount;

constructor Create; virtual;

procedure Shuffle;

function Draw: TPlayingCard;
end;

{ GetCardValue returns the numeric value of any card }
function GetCardvValue(C: TPlayingCard): Integer;

implementation

function GetCardValue(C: TPlayingCard): Integer;
{ returns a card's numeric value }
begin
Result := Ord(C.Face) + 1;
if Result > 10 then Result := 10;
end;

procedure TCardDeck.InitCards;
{ initializes the deck by assigning a unique value/suit combination }
{ to each card. }
var
i: integer;
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AFace: TCardValue;
ASuit: TCardSuit;

begin
AFace := cVAce; // start with ace
ASuit := csClub; // start with clubs
for i := 1 to 52 do // for each card in deck...
begin
FCardArray[i].Face := AFace; // assign face
FCardArray[i].Suit := ASuit; // assign suit
if (i mod 4 = 0) and (i <> 52) then // every four cards...
inc(AFace); // increment the face
if ASuit <> High(TCardSuit) then // always increment the suit
inc (ASuit)
else
ASuit := Low(TCardSuit);
end;
end;

constructor TCardDeck.Create;
{ constructor for TCardDeck object. }
begin
inherited Create;
InitCards;
Shuffle;
end;

function TCardDeck.GetCount: integer;
{ Returns a count of unused cards }
begin

Result := 52 - FTop;
end;

procedure TCardDeck.Shuffle;
{ Re-mixes cards and sets top card to 0. }
var

i: integer;

RandCard: TPlayingCard;

RandNum: integer;

begin

for 1 := 1 to 52 do

begin
RandNum := Random(51) + 1; // pick random number
RandCard := FCardArray[RandNum]; // swap next card with
FCardArray[RandNum] := FCardArray[i]; // random card in deck
FCardArray[i] := RandCard;

end;

CHAPTER 7

continues
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FTop := 0;
end;

function TCardDeck.Draw: TPlayingCard;
{ Picks the next card from the deck. }
begin
inc(FTop);
if FTop = 53 then
raise ECardError.Create('Deck is empty');
Result := FCardArray[FTop];
end;

initialization

Randomize; // must seed random number generator
end.

The Game

The DDG BlackJack game’s interaction with the TCardX object occurs primarily in three proce-
dures. One procedure, called Hit (), is called when the player chooses to accept another card.
Another procedure, DealerHit (), is called when the dealer wants another card. Finally, the
FreeCards () procedure is called to dispose of all the cards on the screen to prepare for another
hand to be dealt.

The Hit () procedure works with the TCardX ActiveX control uniquely in a couple ways. First,
it creates all the controls dynamically rather than using controls dropped from the Component
Palette. Also, it never uses an instance variable of type TCardX—instead, it takes advantage of a
with..do construct to create and use the object in one step. The following code shows the
Hit () procedure:

procedure TMainForm.Hit;
{ Player hit }

begin

CurCard := CardDeck.Draw; // draw card

with TCardX.Create(Self) do // create card 0CX

begin
Left := NextPlayerPos; // set position
Top := PYPos;
Suit := Ord(CurCard.Suit); /] set suit
Value := Ord(CurCard.Face); /] set value
Parent := Self; // assign parent
Inc(NextPlayerPos, Width div 2); // track position

Update; // Display card
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end;
DblBtn.Enabled := False; // hit disables double down
if CurCard.Face = cvAce then PAceFlag := True; // set ace flag
Inc(PlayerTotal, GetCardValue(CurCard)); // keep running total
PlayLbl.Caption := IntToStr(PlayerTotal); // cheat
if PlayerTotal > 21 then // track bust
begin
ShowMessage ('Busted!"');
ShowFirstCard;
ShowWinner;
end; 7
end;
nc
In this procedure, a random card, called CurCard, is drawn from a TCardDeck object called g §
CardDeck. A TCardX ActiveX control is then created, and property values are assigned. E % o
NextPlayerPos is a variable that keeps track of the position on the X-axis for the next card. I (7 5
PYPos is a constant that dictates the Y-axis position of the player hand. The Suit and Value é E
T

properties are assigned values that correspond to the Suit and Face of CurCard. MainForm is
assigned to be the Parent of the control, and the NextPlayerPos variable is incremented by
half the width of a card. After all that, the PlayerTotal variable is incremented by the card

value to keep track of the player’s score.

The DealerHit () procedure works similarly to the Hit () procedure. The code from that proce-
dure is shown here:

procedure TMainForm.DealerHit(CardVisible: Boolean);
{ Dealer takes a hit }

begin
CurCard := CardDeck.Draw; // dealer draws a card
with TCardX.Create(Self) do // create the ActiveX control
begin
Left := NextDealerPos; // place card on form
Top := DYPos;
Suit := Ord(CurCard.Suit); // assign suit
FaceUp := CardVisible;
Value := Ord(CurCard.Face); // assign face
Parent := Self; // assign parent for 0CX
Inc(NextDealerPos, Width div 2); // track where to place next card
Update; // Display card
end;
if CurCard.Face = cvAce then DAceFlag := True; /| set Ace flag
Inc(DealerTotal, GetCardValue(CurCard)); /! keep count
DeallLbl.Caption := IntToStr(DealerTotal); // cheat
if DealerTotal > 21 then // track dealer bust

ShowMessage( 'Dealer Busted!');
end;



262

Essentials for Rapid Development

PART |

This method accepts a Boolean parameter called CardVisible, which indicates whether the
card should be dealt face up. This is because blackjack rules dictate that the dealer’s first card
must remain face down until the player has chosen to hold or has busted. Observing this rule,
the first call to DealerHit () will result in False being passed in CardVisible.

The FreeCards () procedure is responsible for removing all the TCardX controls on the main
form. Because the application doesn’t keep an array or a bunch of variables of type TCardX
around to manage the cards on the screen, this procedure iterates through the form’s Controls
array property looking for elements of type TCardX. When a control of that type is found, its
Free method is called to remove it from memory. The trick here is to be sure to go backward
through the array. If you don’t go backward, you run the risk of changing the order of controls
in the array while you’re traversing the array, which can cause errors. The code for the
FreeCards procedure is shown here:

procedure TMainForm.FreeCards;
{ frees all AX Ctl cards on the screen }

var
i: integer;
begin
for i := ControlCount - 1 downto @ do // go backward!
if Controls[i] is TCardX then
Controls[i].Free;
end;

That completes the explanation of the main portions of the code that manipulates the ActiveX
controls. The complete listing for Main. pas, the main unit for this application, is shown in
Listing 7.3.

LisTING 7.3 The Main.pas Unit for the BJ Project

unit Main;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
OleCtrls, Card_TLB, Cards, PlayCard, StdCtrls, ExtCtrls, Menus;

type
TMainForm = class(TForm)
Paneli: TPanel;
MainMenul: TMainMenu;
Play1: TMenulItem;
Deall: TMenulItem;
Hit1: TMenultem;
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Hold1: TMenuItem;

DoubleDowni: TMenuItem;

N1: TMenultem;

Closel: TMenultem;

Help1: TMenulItem;

About1: TMenultem;

Panel2: TPanel;

Label3: TLabel;

CashLabel: TLabel;

BetLabel: TLabel;

HitBtn: TButton;

DealBtn: TButton;

HoldBtn: TButton;

ExitBtn: TButton;

BetEdit: TEdit;

DblBtn: TButton;

CheatPanel: TPanel;

DeallLbl: TLabel;

PlayLbl: TLabel;

Label4: TLabel;

Label6: TLabel;

Cheat1: TMenultem;

N2: TMenultem;

procedure FormCreate(Sender: TObject);

procedure FormDestroy(Sender: TObject);

procedure AboutiClick(Sender: TObject);

procedure Cheat1Click(Sender: TObject);

procedure ExitBtnClick(Sender: TObject);

procedure DblBtnClick(Sender: TObject);

procedure DealBtnClick(Sender: TObject);

procedure HitBtnClick(Sender: TObject);

procedure HoldBtnClick(Sender: TObject);
private

CardDeck: TCardDeck;

CurCard: TPlayingCard;

NextPlayerPos: integer;

NextDealerPos: integer;

PlayerTotal: integer;

DealerTotal: integer;

PAceFlag: Boolean;

DAceFlag: Boolean;

PBJFlag: Boolean;

DBJFlag: Boolean;

DDFlag: Boolean;

Procedure Deal;

procedure DealerHit(CardVisible: Boolean);
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procedure DoubleDown;
procedure EnableMoves(Enable: Boolean);
procedure FreeCards;
procedure Hit;
procedure Hold;
procedure ShowFirstCard;
procedure ShowWinner;
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

uses AboutU;

const
PYPos = 175; // starting y pos for player cards
DYPos = 10; // ditto for dealer's cards

procedure TMainForm.FormCreate(Sender: TObject);
begin

CardDeck := TCardDeck.Create;
end;

procedure TMainForm.FormDestroy(Sender: TObject);
begin

CardDeck.Free;
end;

procedure TMainForm.Abouti1Click(Sender: TObject);
{ Creates and invokes about box }
begin
with TAboutBox.Create(Self) do
try
ShowModal;
finally
Free;
end;
end;

procedure TMainForm.Cheati1Click(Sender: TObject);
begin
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Cheat1.Checked := not Cheat1.Checked;
CheatPanel.Visible := Cheat1.Checked;
end;

procedure TMainForm.ExitBtnClick(Sender: TObject);
begin

Close;
end;

procedure TMainForm.DblBtnClick(Sender: TObject);
begin

DoubleDown;
end;

procedure TMainForm.DealBtnClick(Sender: TObject);
begin

Deal;
end;
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procedure TMainForm.HitBtnClick(Sender: TObject);
begin

Hit;
end;

procedure TMainForm.HoldBtnClick(Sender: TObject);
begin

Hold;
end;

procedure TMainForm.Deal;
{ Deals a new hand for dealer and player }

begin
FreeCards; // remove any cards from screen
BetEdit.Enabled := False; // disable bet edit ctrl
BetLabel.Enabled := False; // disable bet label
if CardDeck.Count < 11 then // reshuffle deck if < 11 cards
begin

Paneli.Caption
CardDeck.Shuffle;
end
else
Paneli.Caption := 'Dealing...';
Paneli.Show; // show "dealing" panel
Paneli.Update; // make sure it's visible
NextPlayerPos 10; // set horiz position of cards
NextDealerPos 10;

'Reshuffling and dealing...';

continues
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PlayerTo
DealerTo
PAceFlag
DAceFlag
PBJFlag
DBJFlag
DDFlag
Hit;
DealerHi
Hit;
DealerHi
Panell.H

tal := 0;
tal := 0;

1= False;
False;
:= False;
:= False;

:= False;

t(False);

t(True);
ide;

/1

Il

Il
Il
/1l
/1
/1

reset card totals

reset flags

hit player
hit dealer
hit player
hit dealer
hide panel

if (PlayerTotal = 11) and PAceFlag then

PBJFla

g := True;

Il

check player blackjack

if (DealerTotal = 11) and DAceFlag then

DBJFla
if PBJF1
begin

ShowFi

ShowMe

ShowWi
end
else

Enable

end;

g := True;
ag or DBJFlag then

rstCard;

ssage('Blackjack!');
nner;

Moves (True);

/1l
/1

/1

Il

/1

check dealer blackjack
if a blackjack occurred

flip dealer's card

determine winner

enable hit, hold double down

procedure TMainForm.DealerHit(CardVisible: Boolean);

{ Dealer takes a hit }
begin
CurCard := CardDeck.Draw; // dealer draws a card
with TCardX.Create(Self) do /] create the ActiveX control
begin
Left := NextDealerPos; // place card on form
Top := DYPos;
Suit := Ord(CurCard.Suit); // assign suit
FaceUp := CardVisible;
Value := Ord(CurCard.Face); /| assign face
Parent := Self; // assign parent for AX Ctl
Inc(NextDealerPos, Width div 2); // track where to place next card
Update; // show card
end;
if CurCard.Face = cvAce then DAceFlag := True; /] set Ace flag
Inc(DealerTotal, GetCardValue(CurCard)); // keep count
Deallbl.Caption := IntToStr(DealerTotal); // cheat
if DealerTotal > 21 then // track dealer bust
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end;

ShowMessage ( 'Dealer Busted!');

procedure TMainForm.DoubleDown;
{ Called to double down on dealt hand }
begin

DDFlag
Hit;
Hold;

end;

1= True;

procedure TMainForm.EnableMoves(Enable: Boolean);
{ Enables/disables moves buttons/menu items }
begin

HitBtn.Enabled := Enable;
HoldBtn.Enabled := Enable;
DblBtn.Enabled := Enable;
Hit1.Enabled := Enable;
Hold1.Enabled := Enable;

DoubleDown1.Enabled :=

end;

Enable;

procedure TMainForm.FreeCards;

{ frees all AX Ctl cards on the screen }

var
i: integer;
begin
for i := ControlCount - 1 downto @ do
if Controls[i] is TCardX then
Controls[i].Free;
end;

procedure TMainForm.Hit;
{ Player hit }

begin
CurCard := CardDeck.Draw;
with TCardX.Create(Self) do
begin
Left := NextPlayerPos;
Top := PYPos;
Suit := Ord(CurCard.Suit);
Value := Ord(CurCard.Face);
Parent := Self;

Inc(NextPlayerPos, Width div 2);
Update;

end;

/1l
/1

/1

Il
/1l
/1
/1l
/1

CHAPTER 7

// set double down flag to adjust bet
// take one card
// let dealer take his cards

// Hit button

// Hold button

// Double down button

// Hit menu item

// Hold menu item

// Double down menu item

// go backward!

draw card

create card AX Ctl

set position

set suit
set value

assign parent
track position
Display card

continues
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DblBtn.Enabled := False; // hit disables double down
if CurCard.Face = cvAce then PAceFlag := True; // set ace flag
Inc(PlayerTotal, GetCardValue(CurCard)); // keep running total
PlayLbl.Caption := IntToStr(PlayerTotal); /] cheat
if PlayerTotal > 21 then // track bust
begin

ShowMessage( 'Busted! ") ;

ShowFirstCard;

ShowWinner;
end;

end;

procedure TMainForm.Hold;
{ Player holds. This procedure allows dealer to draw cards. }

begin
EnableMoves(False);
ShowFirstCard; // show dealer card
if PlayerTotal <= 21 then // if player hasn't busted...
begin
if DAceFlag then // if dealer has an Ace...
begin

{ Dealer must hit soft 17 }
while (DealerTotal <= 7) or ((DealerTotal >= 11) and
(DealerTotal < 17)) do
DealerHit(True);
end
else
// if no Ace, keep hitting until 17 is reached
while DealerTotal < 17 do DealerHit(True);
end;
ShowWinner; // Determine winner
end;

procedure TMainForm.ShowFirstCard;
var
i: integer;
begin
// make sure all cards are face-up
for i := 0 to ControlCount - 1 do
if Controls[i] is TCardX then
begin
TCardX(Controls[i]).FaceUp := True;
TCardX(Controls[i]).Update;
end;
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end;

procedure TMainForm.ShowWinner;
{ Determines winning hand }

var
S: string;
begin
if DAceFlag then // if dealer has an Ace...
begin
if DealerTotal + 10 <= 21 then // figure best hand
inc(DealerTotal, 10);
end;
if PACeFlag then // if player has an Ace...
begin
if PlayerTotal + 10 <= 21 then /| figure best hand
inc(PlayerTotal, 10);
end;
if DealerTotal > 21 then /] set score to @ if busted
DealerTotal := 0;

if PlayerTotal > 21 then
PlayerTotal := 0;
if PlayerTotal > DealerTotal then // if player wins...

begin
S := 'You win!"';
if DDFlag then // pay 2:1 on double down

CashLabel.Caption := IntToStr(StrToInt(CashLabel.Caption) +
StrToInt(BetEdit.Text) * 2)
else // pay 1:1 normally
CashLabel.Caption := IntToStr(StrToInt(CashLabel.Caption) +
StrToInt(BetEdit.Text));
if PBJFlag then // pay 1.5:1 on blackjack
CashLabel.Caption := IntToStr(StrToInt(CashLabel.Caption) +
StrToInt(BetEdit.Text) div 2)

end
else if DealerTotal > PlayerTotal then // if dealer wins...
begin

S := 'Dealer wins!';

if DDFlag then // lose 2x on double down

CashLabel.Caption := IntToStr(StrToInt(CashLabel.Caption)
StrToInt(BetEdit.Text) * 2)
else // normal loss
CashLabel.Caption := IntToStr(StrToInt(CashLabel.Caption)
StrToInt(BetEdit.Text));
end
else
S := 'Push!'; // push, no one wins

CHAPTER 7

continues
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if MessageDlg(S + #13#10'Do you want to play again with the same bet?',
mtConfirmation, [mbYes, mbNo], @) = mrYes then

Deal;
BetEdit.Enabled := True; // allow bet to change
BetLabel.Enabled := True;
end;
end.

Invoking an ActiveX Control Method

In Listing 7.3, you might have noticed that the main form contains a method that creates and
displays an About dialog box. Figure 7.7 shows what this About dialog box looks like when

invoked.
o=
A Delphi 5 Developer's Guids
BlackJack
6 Version 1.2
A Copyright 1937.99 5. Teixsira & X, Pacheco
This is an example of using
EREMAETED Active contros in a Delphi
Ok

FIGURE 7.7

DDG BlackJack’s About dialog box.

This About dialog box is special because it contains a button that, when selected, shows an
About box for the CardX ActiveX control by calling its AboutBox () method. The About box for
the CardX control is shown in Figure 7.8.

The code that accomplishes this task follows. Looking ahead, the same technique used to make
vTable calls to OLE Automation servers in Chapter 23, “COM and ActiveX,” is used here.

procedure TAboutBox.CardBtnClick(Sender: TObject);
begin

Card.AboutBox;
end;
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K3 CardX
Playing card ActiveX control for
Delphi 5 Developer's Guide

Copyright (<] 1998,33 Steve Teireira and Xavier Pacheco

FIGURE 7.8

The Cards ActiveX control About dialog box.

Summary

After reading this chapter, you should understand all the important aspects of using ActiveX
controls in the Delphi environment. You learned about integrating an ActiveX control into
Delphi, how the Object Pascal ActiveX control wrapper works, how to deploy an ActiveX
control-equipped application, how to register an ActiveX control, and how to incorporate
ActiveX controls into an application. Because of their market presence, ActiveX controls often
can offer a blast of instant productivity. However, because ActiveX controls have some disad-
vantages, also remember to look for native VCL components when shopping for controls.
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In previous chapters, you worked with a property called Canvas. Canvas is appropriately
named because you can think of a window as an artist’s blank canvas on which various
Windows objects are painted. Each button, window, cursor, and so on is nothing more than a
collection of pixels in which the colors have been set to give it some useful appearance. In fact,
think of each individual window as a separate surface on which its separate components are
painted. To take this analogy a bit further, imagine that you’re an artist who requires various
tools to accomplish your task. You need a palette from which to choose different colors. You’ll
probably use different styles of brushes, drawing tools, and special artist’s techniques as well.
Win32 makes use of similar tools and techniques—in the programming sense—to paint the
various objects with which users interact. These tools are made available through the Graphics
Device Interface, otherwise known as the GDI.

Win32 uses the GDI to paint or draw the images you see on your computer screen. Before
Delphi, in traditional Windows programming, programmers worked directly with the GDI
functions and tools. Now, the TCanvas object encapsulates and simplifies the use of these func-
tions, tools, and techniques. This chapter teaches you how to use TCanvas to perform useful
graphics functions. You’ll also see how you can create advanced programming projects with
Delphi 5 and Win32 GDI. We illustrate this by creating a paint program and animation program.

Delphi’s Representation of Pictures: Timage

The TImage component represents a graphical image that can be displayed anywhere on a form
and is available from Delphi 5’s Component Palette. With TImage, you can load and display a
bitmap file (.bmp), a 16-bit Windows metafile (.wmf), a 32-bit enhanced metafile (.emf), an
icon file (.ico), a JPEG file (.jpg, .jpeg) or other file formats handled by add-in TGraphic
classes. The image data actually is stored by TImage’s Picture property, which is of the type
TPicture.

Graphic Images: Bitmaps, Metafiles, and Icons
Bitmaps

Win32 bitmaps are binary information arranged in a pattern of bits that represent a
graphical image. More specifically, these bits store color information items called pix-
els. There are two types of bitmaps: device-dependent bitmaps (DDB) and device-
independent bitmaps (DIB).

As a Win32 programmer, you probably won’t be dealing much with DDBs because
this format was kept solely for backward compatibility. Device-dependent bitmaps, as
the name implies, are dependent on the device in which they’re created. Bitmaps in
this format, when saved, do not store information regarding the color palette they
use nor do they store information regarding their resolution.

In contrast, device-independent bitmaps (DIBs) do store information to allow them to
be displayed on any device without radically changing their appearance.
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In memory, both DDBs and DIBs are represented with the same structures, for the
most part. One key difference is that DDBs use the palette provided by the system,
whereas DIBs provide their own palette. To take this explanation further, DDBs are
simply native storage, handled by video driver routines and video hardware. DIBs are
standardized pixel formats, handled by GDI generic routines and stored in global
memory. Some video cards use DIB pixel formats as native storage, so you get
DDB=DIB. In general, DIB gives you more flexibility and simplicity, sometimes at a
slight performance cost. DDBs are always faster but not as convenient.

Metafiles

Unlike bitmaps, metafiles are vector-based graphical images. Metafiles are files in
which a series of GDI routines are stored, enabling you to save GDI function calls to
disk so that you can redisplay the image later. This also enables you to share your
drawing routines with other programs without having to call the specific GDI func-
tions in each program. Other advantages to metafiles are that they can be scaled to
arbitrary dimensions and still retain their smooth lines and arcs—bitmaps don’t do
this as well. In fact, this is one of the reasons the Win32 printing engine is built
around the enhanced metafile storage for print jobs.

There are two metafile formats: standard metafiles, typically stored in a file with a .wmf
extension, and enhanced metafiles, typically stored in a file with an .emf extension.

Standard metafiles are a holdover from the Win16 system. Enhanced metafiles are
more robust and accurate. Use EMFs if you're producing metafiles for your own appli-
cations. If you're exporting your metafiles to older programs that might not be able
to use the enhanced format, use the 16-bit WMFs. Know, however, that by stepping
down to the 16-bit WMFs, you'll also lose several GDI primitives that EMFs support
but WMFs do not. Delphi 5’s TMetafile class knows about both types of metafiles.

Icons

Icons are Win32 resources that usually are stored in an icon file with an .ico exten-
sion. They may also reside in a resource file (.res). There are two typical sizes of icons
in Windows: large icons that are 32x32 pixels, and small icons that are 16x16 pixels.
All Windows applications use both icon sizes. Small icons are displayed in the applica-
tion’s upper-left corner of the main window and also in the Windows List view con-
trol. Delphi’s encapsulation of this control is the TListView component. This control
appears on the Win32 page of the Component Palette.

Icons are made up of two bitmaps. One bitmap, referred to as the image, is the
actual icon image as it is displayed. The other bitmap, referred to as the mask, makes
it possible to achieve transparency when the icon is displayed. Icons are used for a
variety of purposes. For example, icons appear on an application’s taskbar and in mes-
sage boxes where the question mark, exclamation point, or stop sign icons are used
as attention grabbers.
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TPicture is a container class for the TGraphic abstract class. A container class means that
TPicture can hold a reference to and display a TBitmap, TMetafile, TIcon, or any other
TGraphic type, without really caring which is which. You use TImage.Picture’s properties and
methods to load image files into a TImage component. For example, use the following statement:

MyImage.Picture.LoadFromFile('FileName.bmp');

Use a similar statement to load icon files or metafiles. For example, the following code loads a
Win32 metafile:

MyImage.Picture.LoadFromFile('FileName.emf');
This code loads a Win32 icon file:
MyImage.Picture.LoadFromFile('FileName.ico');

In Delphi 5, TPicture can now load JPEG images using the same technique for loading
bitmaps:

MyImage.Picture.LoadFromFile('FileName.jpeg');

Saving Images
To save an image use the SaveToFile() method:
MyImage.Picture.SaveToFile('FileName.bmp');

The TBitmap class encapsulates the Win32 bitmap and palette, and it provides the methods to
load, store, display, save, and copy the bitmapped images. TBitmap also manages palette real-
ization automatically. This means that the tedious task of managing bitmaps has been simpli-
fied substantially with Delphi 5°s TBitmap class, which enables you to focus on using the
bitmap and frees you from having to worry about all the underlying implementation details.

NoTE

TBitmap isn‘t the only object that manages palette realization. Components such as
TImage, TMetafile, and every other TGraphic descendant also realize their bitmaps’
palettes on request. If you build components that contain a TBitmap object that
might have 256-color images, you’ll need to override your component’s GetPalette()
method to return the color palette of the bitmap.

To create an instance of a TBitmap class and load a bitmap file, for example, you use the fol-
lowing commands:

MyBitmap := TBitmap.Create;
MyBitmap.LoadFromFile ('MyBMP.BMP');
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CAUTION

Another method of loading bitmaps into an application is to load them from a
resource file. We'll discuss this method shortly.

To copy one bitmap to another, you use the TBitmap.Assign() method, as in this example:
Bitmap1.Assign(Bitmap2);

You also can copy a portion of a bitmap from one TBitmap instance to another TBitmap
instance or even to the form’s canvas by using the CopyRect () method:

var
R1: TRect;
begin
with R1 do
begin
Top := 0;
Left := 0;
Right := BitMap2.width div 2;
Bottom := BitMap2.Height div 2;
end;
Bitmap1.Canvas.CopyRect(ClientRect, BitMap2.Canvas, R1);
end;

In the preceding code, you first calculate the appropriate values in a TRect record and then use
the TCanvas.CopyRect () method to copy a portion of the bitmap. A TRect is defined as fol-
lows:

TRect = record
case Integer of
0: (Left, Top, Right, Bottom: Integer);
1: (TopLeft, BottomRight: TPoint);
end;

This technique will be used in the paint program later in the chapter. CopyRect () automatically
stretches the copied portion of the source canvas to fill the destination rectangle.

CAUTION

You should be aware of a significant difference in resource consumption for copying
bitmaps in the previous two examples. The CopyRect () technique doubles the memory

continues

279

DNINWV¥D0Y4 |OQ

SOIHdVYYE)



280

Advanced Techniques

PART Il

use in that two separate copies of the image exist in memory. The Assign () technique
costs nothing because the two bitmap objects will share a reference to the same image
in memory. If you happen to modify one of the bitmap objects, VCL will clone the
image using a copy-on-write scheme.

Another method you can use to copy the entire bitmap to the form’s canvas so that it shrinks or
expands to fit inside the canvas’s boundaries is the StretchDraw() method. Here’s an example:

Canvas.StretchDraw(R1, MyBitmap);

We’ll discuss TCanvas’s methods later in this chapter.

Using the TCanvas Properties

Higher-level classes such as TForm and TGraphicControl descendants have a Canvas property.
The canvas serves as the painting surface for your form’s other components. The tools that
Canvas uses to do the drawing are pens, brushes, and fonts.

Using Pens

In this section, we first explain how to use the TPen properties and then show you some code in
a sample project that uses these properties.

Pens enable you to draw lines on the canvas and are accessed from the Canvas.Pen property.
You can change how lines are drawn by modifying the pen’s properties: Color, Width, Style,
and Mode.

The Color property specifies a pen’s color. Delphi 5 provides predefined color constants that
match many common colors. For example, the constants c1Red and clYellow correspond to
the colors red and yellow. Delphi 5 also defines constants to represent the Win32 system screen
element colors such as clActiveCaption and clHighlightText, which correspond to the
Win32 active captions and highlighted text. The following line assigns the color blue to the
canvas’s pen:

Canvas.Pen.color := clblue;
This line shows you how to assign a random color to Canvas’s Pen property:

Pen.Color := TColor(RGB(Random(255),Random(255), Random(255)));

RGB() and TColor

Win32 represents colors as long integers in which the lowest three bytes each signify
a red, green, and blue intensity level. The combination of the three values makes up
a valid Win32 color. The RGB(R, G, B) function takes three parameters for the red,
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green, and blue intensity levels. It returns a Win32 color as a long integer value. This
is represented as a TColor Delphi type. There are 255 possible values for each inten-
sity level and approximately 16 million colors that can be returned from the RGB ()
function. RGB (@, 0, 0), for example, returns the color value for black, whereas

RGB (255, 255, 255) returns the color value for white. RGB(255, @ ,0), RGB(0, 255,
0), and RGB(@, @, 255) return the color values for red, green, and blue, respectively.
By varying the values passed to RGB(), you can obtain a color anywhere within the
color spectrum.

TColor is specific to VCL and refers to constants defined in the Graphics.pas unit.
These constants map to either the closest matching color in the system palette or to a
defined color in the Windows Control Panel. For example, c1Blue maps to the color
blue whereas the c1BtnFace maps to the color specified for button faces. In addition
to the three bytes to represent the color, TColor’s highest order byte specifies how a
color is matched. Therefore, if the highest order byte is $00, the represented color is
the closest matching color in the system palette. A value of $01 represents the closest
matching color in the currently realized palette. Finally, a color of $62 matches with
the nearest color in the logical palette of the current device context. You will find
additional information in the Delphi help file under “TColor type.”

Tip

Use the ColorToRGB () function to convert Win32 system colors, such as c1Window, to
a valid RGB color. The function is described in Delphi 5’s online help.

DNINWV¥D0Y4 |OQ

The pen can also draw lines with different drawing styles, as specified by its Style property.
Table 8.1 shows the different styles you can set for Pen.Style.

TABLE 8.1 Pen Styles

Style Draws

psClear An invisible line

psDash A line made up of a series of dashes

psDashDot A line made up of alternating dashes and dots

psDashDotDot A line made up of a series of dash-dot-dot combinations

psDot A line made up of a series of dots

psInsideFrame A line within a frame of closed shapes that specify a bounding rectangle

psSolid A solid line
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The following line shows how you would change the pen’s drawing style:
Canvas.Pen.Style := psDashDot;

Figure 8.1 shows how the different pen styles appear when drawn on the form’s canvas. One
thing to note: The “in between” colors in the stippled lines come from the brush color. If you
want to make a black dashed line run across a red square, you would need to set the
Canvas.Brush.Color to clRed or set the Canvas.Brush.Style to bsClear. Setting both the
pen and brush color is how you would draw, for example, a red and blue dashed line across a
white square.

i Delphi 5 Developer's Guide - Pens Demo [[OI=]
Pens

psSolid

pDash
psDot
psDashDiat
psDashDotDat

psClear

plnsideFrame

FIGURE 8.1
Different pen styles.

The Pen.Width property enables you to specify the width, in pixels, that the pen uses for draw-
ing. When this property is set to a larger width, the pen draws with thicker lines.

NoOTE

The stipple line style applies only to pens with a width of 1. Setting the pen width to
2 will draw a solid line. This is a holdover from the 16-bit GDI that Win32 emulates
for compatibility. Windows 95/98 does not do fat stippled lines, but Windows
NT/2000 can if you use only the extended GDI feature set.

Three factors determine how Win32 draws pixels or lines to a canvas surface: the pen’s color,
the surface or destination color, and the bitwise operation that Win32 performs on the two-
color values. This operation is known as a raster operation (ROP). The Pen.Mode property
specifies the ROP to be used for a given canvas. Sixteen modes are predefined in Win32, as
shown in Table 8.2.
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TaBLE 8.2 Win32 Pen Modes on Source Pen.Color (S) and Destination (D) Color
Mode Result Pixel Color Boolean Operation
pmBlack Always black 0
pmwWhite Always white 1
pmNOP Unchanged D
pmNOT Inverse of D color not D
pmCopy Color specified by S S
pmNotCopy Inverse of S not S
pmMergePenNot Combination S and inverse of D S or not D
pmMaskPenNot Combination of colors common S and not D
to S and inverse of D
pmMergeNotPen Combination of D and inverse not S or D
of S
pmMaskNotPen Combination of colors common not S and D
to D and inverse of S
pmMerge Combination of S and D S or D 8
pmNotMerge Inverse of pmMerge operation not (S or D)
on S and D g
pmMask Combination of colors common S and D %
toSand D E
pmNotMask Inverse of pmMask operation not (S and D) g
on S and D
pmXor Combination of colors in S XOR D
either S or D but not both
pmNotXor Inverse of pmXOR operation not (S XOR D)

SOIHdVYD)

Pen.mode is pmCopy by default. This means that the pen draws with the color specified by its
Color property. Suppose that you want to draw black lines on a white background. If a line
crosses over a previously drawn line, it should draw white rather than black.

One way to do this would be to check the color of the area you’re going to draw to—if it’s
white, set pen.Color to black; if it is black, set pen.Color to white. Although this approach
works, it would be cumbersome and slow. A better approach would be to set Pen.Color to
clBlack and Pen.Mode to pmNot. This would result in the pen drawing the inverse of the merg-
ing operation with the pen and surface color. Figure 8.2 shows you the result of this operation
when drawing with a black pen in a crisscross fashion.
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Pens

FIGURE 8.2

The output of a pmNotMerge operation.

Listing 8.1 is an example of the project on the CD that illustrates the code that resulted in
Figures 8.1 and 8.2. You’ll find this demo on the CD.

ListinGg 8.1 lllustration of Pen Operations

unit MainFrm;
interface

uses
SysUtils, Windows, Messages, Classes, Graphics, Controls, Forms,
Dialogs, Menus, StdCtrls, Buttons, ExtCtrls;

type
TMainForm = class(TForm)
mmMain: TMainMenu;
mmiPens: TMenultem;
mmiStyles: TMenuItem;
mmiPenColors: TMenuItem;
mmiPenMode: TMenuItem;
procedure mmiStylesClick(Sender: TObject);
procedure mmiPenColorsClick(Sender: TObject);
procedure mmiPenModeClick(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
procedure ClearCanvas;
procedure SetPenDefaults;
end;

var
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MainForm: TMainForm;
implementation
{$R *.DFM}

procedure TMainForm.ClearCanvas;
var
R: TRect;
begin
// Clear the contents of the canvas
with Canvas do
begin
Brush.Style := bsSolid;
Brush.Color := clWhite;
Canvas.FillRect(ClientRect);
end;
end;

procedure TMainForm.SetPenDefaults;

begin
with Canvas.Pen do
begin
Width := 1;
Mode := pmCopy;
Style := psSolid;
Color := clBlack;
end;
end;

CHAPTER 8

procedure TMainForm.mmiStylesClick(Sender: TObject);

var
yPos: integer;
PenStyle: TPenStyle;
begin
ClearCanvas;
SetPenDefaults;
/] yPos represent the Y coordinate
YPos := 20;
with Canvas do

// First clear Canvas's contents

begin
for PenStyle := psSolid to psInsideFrame do
begin
Pen.Color := clBlue;

Pen.Style := PenStyle;
MoveTo (100, yPos);

continues
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LisTING 8.1 Continued

LineTo(ClientWidth, yPos);
inc(yPos, 20);
end;

// Write out titles for the various pen styles
TextOut(1, 10, ' psSolid ');

TextOut(1, 30, ' psbash ');

TextOut(1, 50, ' psbDot ');

TextOut(1, 70, ' psDashDot ');

TextOut (1, 90, ' psDashDotDot ');

TextOut(1, 110, ' psClear ');

TextOut (1, 130, ' psInsideFrame ');
end;

end;

procedure TMainForm.mmiPenColorsClick(Sender: TObject);
var
i: integer;
begin
ClearCanvas; // Clear Canvas's contents
SetPenDefaults;
with Canvas do
begin
for 1 := 1 to 100 do
begin
// Get a random pen color draw a line using that color
Pen.Color := RGB(Random(256),Random(256), Random(256));
MoveTo(random(ClientWidth), Random(ClientHeight));
LineTo(random(ClientWidth), Random(ClientHeight));
end
end;
end;

procedure TMainForm.mmiPenModeClick(Sender: TObject);
var
X,y: integer;
begin
ClearCanvas; // Clear the Canvas's contents
SetPenDefaults;
y = 10;
canvas.Pen.Width := 20;
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while y < ClientHeight do

begin
canvas.MoveTo(0, vy);
// Draw a line and increment Y value
canvas.LineTo(ClientWidth, vy);

inc(y, 30);
end;
X = 5;
canvas.pen.Mode := pmNot;
while x < ClientWidth do
begin

Canvas.MoveTo(x, 0);
canvas.LineTo(x, ClientHeight);
inc(x, 30);
end;
end;

end.

Listing 8.1 shows three examples of dealing with the canvas’s pen. The two helper functions,
ClearCanvas() and SetPenDefaults(), are used to clear the contents of the main form’s can-
vas and to reset the Canvas.Pen properties to their default values as these properties are modi-
fied by each of the three event handlers.

ClearCanvas() is a useful technique for erasing the contents of any component containing a
Canvas property. ClearCanvas () uses a solid white brush to erase whatever was previously
painted on the Canvas. FillRect () is responsible for painting a rectangular area as specified
by a TRect structure, ClientRect, which is passed to it.

The mmiStylesClick() method shows how to display the various TPen styles as shown in
Figure 8.1 by drawing horizontal lines across the form’s Canvas using a different TPen style.
Both TCanvas.MoveTo() and TCanvas.LineTo() enable you to draw lines on the canvas.

The mmiPenColorsClick () method illustrates drawing lines using a different TPen color. Here
you use the RGB() function to retrieve a color to assign to TPen.Color. The three values you
pass to RGB() are each random values within range of @ to 255. The output of this method is
shown in Figure 8.3.

Finally, the mmiPenModeClick () method illustrates how to draw lines using a different pen
mode. Here you use the pmNot mode to perform the actions previously discussed, resulting in
the output shown in Figure 8.2.
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FIGURE 8.3

Output from the mmiPenColorsClick () method.

Using TCanvas’s Pixels

The TCanvas.Pixels property is a two-dimensional array in which each element represents a
pixel’s TColor value on the form’s surface or client area. The upper-left corner of your form’s
painting surface is given by

Canvas.Pixels[0,0]
and the lower-right corner is
Canvas.Pixels[clientwidth, clientheight];

It’s rare that you’ll ever have to access individual pixels on your form. In general, you do not
want to use the Pixels property because it’s slow. Accessing this property uses the
GetPixel()/SetPixel() GDI functions, which Microsoft has acknowledged are flawed and
will never be efficient. This is because both functions rely on 24-bit RGB values. When not
working with 24-bit RGB device contexts, these functions must perform serious color-matching
gymnastics to convert the RGB into a device pixel format. For quick pixel manipulation, use
the TBitmap.ScanLine array property instead. To fetch or set one or two pixels at a time, using
Pixels is okay.

Using Brushes

This section discusses the TBrush properties and shows you some code in a sample project that
uses these properties.

Using the TBrush Properties

A canvas’s brush fills in areas and shapes drawn on the canvas. This differs from a TPen object,
which enables you to draw lines to the canvas. A brush enables you to fill an area on the can-
vas using various colors, styles, and patterns.

Canvas’s TBrush object has three important properties that specify how the brush paints on the
canvas’s surface: Color, Style, and Bitmap. Color specifies the brush’s color, Style specifies
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the pattern of the brush background, and Bitmap specifies a bitmap you can use to create cus-
tom patterns for the brush’s background.

Eight brush options are specified by the Style property: bsSolid, bsClear, bsHorizontal,
bsVertical, bsFDiagonal, bsBDiagonal, bsCross, and bsDiagCross. By default, the brush
color is c1White with a bsSolid style and no bitmap. You can change the color and style to fill
an area with different patterns. The example in the following section illustrates using each of
the TBrush properties.

TBrush Code Example
Listing 8.2 shows you the unit for a project that illustrates the use of the TBrush properties just
discussed. You can load this project from the CD.

LisTING 8.2 TBrush Example

unit MainFrm;
interface

uses
SysUtils, Windows, Messages, Classes, Graphics, Controls, Forms,
Dialogs, Menus, ExtCtrls;

type

TMainForm = class(TForm)
mmMain: TMainMenu;
mmiBrushes: TMenuItem;
mmiPatterns: TMenuItem;
mmiBitmapPatterni: TMenuItem;
mmiBitmapPattern2: TMenuItem;
procedure mmiPatternsClick(Sender: TObject);
procedure mmiBitmapPatterniClick(Sender: TObject);
procedure mmiBitmapPattern2Click(Sender: TObject);
procedure FormCreate(Sender: TObject);
procedure FormDestroy(Sender: TObject);

private
FBitmap: TBitmap;
public
procedure ClearCanvas;
end;
var

MainForm: TMainForm;

implementation

continues
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{$R *.DFM}

procedure TMainForm.ClearCanvas;
var
R: TRect;
begin
// Clear the contents of the canvas
with Canvas do
begin
Brush.Style := bsSolid;
Brush.Color clWhite;
GetWindowRect (Handle, R);
R.TopLeft := ScreenToClient(R.TopLeft);
R.BottomRight := ScreenToClient(R.BottomRight);
FillRect(R);
end;
end;

procedure TMainForm.mmiPatternsClick(Sender: TObject);
begin
ClearCanvas;
with Canvas do
begin
// Write out titles for the various brush styles
TextOut (120, 101, 'bsSolid');
TextOut (10, 101, 'bsClear');
TextOut (240, 101, 'bsCross');
TextOut (10, 221, 'bsBDiagonal')
TextOut (120, 221, 'bsFDiagonal');
( .
(
(

3

5
)
TextOut (240, 221, 'bsDiagCross');
TextOut (10, 341, 'bsHorizontal')
TextOut (120, 341, 'bsVertical');

// Draw a rectangle with the various brush styles

Brush.Style := bsClear;
Rectangle(10, 10, 100, 100);
Brush.Color := clBlack;

Brush.Style := bsSolid;
Rectangle(120, 10, 220, 100);

{ Demonstrate that the brush is transparent by drawing
colored rectangle, over which the brush style rectangle will
be drawn. }
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Brush.Style := bsSolid;
Brush.Color := clRed;
Rectangle (230, 0, 330, 90);

Brush.Style := bsCross;
Brush.Color := clBlack;
Rectangle (240, 10, 340, 100);

Brush.Style := bsBDiagonal;
Rectangle (10, 120, 100, 220);

Brush.Style := bsFDiagonal;
Rectangle(120, 120, 220, 220);

Brush.Style := bsDiagCross;
Rectangle (240, 120, 340, 220);

Brush.Style := bsHorizontal;
Rectangle(10, 240, 100, 340);

Brush.Style := bsVertical;
Rectangle (120, 240, 220, 340);

end;
end;

procedure TMainForm.mmiBitmapPatterniClick(Sender: TObject);
begin
ClearCanvas;
// Load a bitmap from the disk
FBitMap.LoadFromFile('pattern.bmp');
Canvas.Brush.Bitmap := FBitmap;
try
{ Draw a rectangle to cover the form's entire
client area using the bitmap pattern as the
brush with which to paint. }
Canvas.Rectangle (@, 0, ClientWidth, ClientHeight);
finally
Canvas.Brush.Bitmap := nil;
end;
end;

procedure TMainForm.mmiBitmapPattern2Click(Sender: TObject);
begin

ClearCanvas;

// Load a bitmap from the disk

continues
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FBitMap.LoadFromFile( 'pattern2.bmp');
Canvas.Brush.Bitmap := FBitmap;
try
{ Draw a rectangle to cover the form's entire
client area using the bitmap pattern as the
brush with which to paint. }
Canvas.Rectangle(0, 0, ClientWidth, ClientHeight);
finally
Canvas.Brush.Bitmap := nil;
end;
end;

procedure TMainForm.FormCreate(Sender: TObject);
begin

FBitmap := TBitmap.Create;
end;

procedure TMainForm.FormDestroy(Sender: TObject);
begin

FBitmap.Free;
end;

end.

Tip

The ClearcCanvas() method that you use here is a handy routine for a utility unit.
You can define ClearCanvas() to take TCanvas and TRect parameters to which the
erase code will be applied:

procedure ClearCanvas(ACanvas: TCanvas; ARect: TRect);
begin
// Clear the contents of the canvas
with ACanvas do
begin
Brush.Style := bsSolid;
Brush.Color := clWhite;
FillRect (ARect);
end;
end;
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The mmiPatternsClick () method illustrates drawing with various TBrush patterns. First, you
draw out the titles and then, using each of the available brush patterns, draw rectangles on the

form’s canvas. Figure 8.4 shows the output of this method.

Brushes

bsClear

4 Delphi § Developer's Guide Brush Demo

bsBDiagonal

bsFDiagonal

bsHorizontal

bsVertical

bsDiagCross

FIGURE 8.4

Brush patterns.

The mmiBitmapPatterniClick() and mmiBitmapPattern2Click() methods illustrate how to
use a bitmap pattern as a brush. The TCanvas.Brush property contains a TBitmap property to
which you can assign a bitmap pattern. This pattern will be used to fill the area painted by the
brush instead of the pattern specified by the TBrush.Style property. There are a few rules for
using this technique, however. First, you must assign a valid bitmap object to the property.
Second, you must assign nil to the Brush.Bitmap property when you’re finished with it
because the brush does not take ownership of the bitmap object when you assign a bitmap to it.

Figures 8.5 and 8.6 show the output of mmiBitmapPatterniClick() and

mmiBitmapPattern2Click (), respectively.

NoTE

Windows limits the size of pattern brush bitmaps to 8x8 pixels, and they must be
device-dependent bitmaps, not device-independent bitmaps. Windows will reject
brush pattern bitmaps larger than 8x8; NT will accept larger but will only use the

top-left 8x8 portion.
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Biushes

FIGURE 8.5
Output from mmiBitmapPatterniClick().

st Delphi 5 Developer's Guide Brush Demo M=l E3

Brushes

FIGURE 8.6
Output from mmiBitmapPattern2Click ().

Tip

Using a bitmap pattern to fill an area on the canvas doesn’t only apply to the form's
canvas but also to any component that contains a Canvas property. Just access the

methods and/or properties of the Canvas property of the component rather than the
form. For example, here’s how to perform pattern drawing on a TImage component:

Image1.Canvas.Brush.Bitmap := SomeBitmap;
try
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Imagel.Canvas.Rectangle(@, @, Imagei.Width, Imagel.Height);
finally

Image1.Canvas.Brush.Bitmap := nil;
end;

Using Fonts

The Canvas.Font property enables you to draw text using any of the available Win32 fonts.
You can change the appearance of text written to the canvas by modifying the font’s Color,
Name, Size, Height, or Style property.

You can assign any of Delphi 5’s predefined colors to Font.Color. The following code, for
example, assigns the color red to the canvas’s font:

Canvas.Font.Color := clRed;

The Name property specifies the Window’s font name. For example, the following two lines of
code assign different typefaces to Canvas’s font:

Canvas.Font.Name := 'New Times Roman';
Canvas.Font.Size specifies the font’s size in points.

Canvas.Font.Style is a set composed of one style or a combination of the styles shown in
Table 8.3.

TaBLE 8.3 Font Styles

Value Style

fsBold Boldface

fsItalic Italic

fsUnderline Underlined

fsStrikeOut A horizontal line through the font, giving it a strikethrough appearance

To combine two styles, use the syntax for combining multiple set values:
Canvas.Font.Style := [fsBold, fsItalic];
You can use TFontDialog to obtain a Win32 font and assign that font to the TMemo . Font property:

if FontDialogi1.Execute then
Memo1.Font.Assign(FontDialogi.Font);

The same can be done to assign the font selected in TFontDialog to the Canvas’s font:

Canvas.Font.Assign(FontDialogi.Font);
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CAUTION

Make sure to use the Assign() method when copying TBitMap, TBrush, TIcon,
TMetaFile, TPen, and TPicture instance variables. A statement such as

MyBrush1 := MyBrush2

might seem valid, but it performs a direct pointer copy so that both instances point
to the same brush object, which can result in a heap leak. By using Assign(), you
ensure that previous resources are freed.

This is not so when assigning between two TFont properties. Therefore, a statement
such as

Formi.Font := Form2.Font

is a valid statement because the TForm.Font is a property whose write method inter-
nally calls Assign() to copy the data from the given font object. Be careful, how-
ever; this is only valid with when assigning TFont properties, not TFont variables. As
a general rule, always use Assign().

Additionally, you can assign individual attributes from the selected font in TFontDialog to the
Canvas’s font:

Canvas.Font.Name := Font.Dialog1.Font.Name;
Canvas.Font.Size := Font.Dialog1.Font.Size;

We’ve quickly brushed over fonts here. A more thorough discussion on fonts appears at the end
of this chapter.

Using the CopyMode Property

The TCanvas.CopyMode property determines how a canvas copies an image from another can-
vas onto itself. For example, when CopyMode holds the value cmSrcCopy, this means that the
source image will be copied over the destination entirely. CmSrcInvert, however, causes the
pixels of both the source and destination images to be combined using the bitwise XOR opera-
tor. CopyMode is used for achieving different effects when copying from one bitmap to another
bitmap. A typical place where you would change the default value of CopyMode from
cmSrcCopy to another value is when writing animation applications. You learn how to write
animation later in this chapter.

To see how to use the CopyMode property, take a look at Figure 8.7.

Figure 8.7 shows a form that contains two images, both of which have an ellipse drawn on
them. You select a CopyMode setting from the TComboBox component, and you would get vari-
ous results when copying the one image over the other by clicking the Copy button. Figures
8.8 and 8.9 show what the effects would be by copying imgFromImage to imgToImage using the
cmSrcAnd and cmSrcInvert copy modes.
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FIGURE 8.7

4 Delphi § Developer's Guide CopyMode Demo
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A form that contains two images to illustrate CopyMode.

FIGURE 8.8

4t Delphi 5 Developer's Guide CopyMode Demo

emSreAnd =2
Draw Images

A copy operation using the cmSrcAnd copy mode setting.

FIGURE 8.9

4 Delphi § Developer's Guide CopyMode Demo
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A copy operation using the cmSrcInvert copy mode setting.

CHAPTER 8

Listing 8.3 shows the source code for the project, illustrating the various copy modes. You’ll

find this code on the CD.
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LisTING 8.3 Project Illustrating CopyMode Usage

unit MainFrm;
interface

uses
SysUtils, Windows, Messages, Classes, Graphics, Controls, Forms,
Dialogs, StdCtrls, ExtCtrls;

type

TMainForm = class(TForm)

imgCopyTo: TImage;

imgCopyFrom: TImage;

cbCopyMode: TComboBox;

btnDrawImages: TButton;

btnCopy: TButton;

procedure FormShow(Sender: TObject);

procedure btnCopyClick(Sender: TObject);

procedure btnDrawImagesClick(Sender: TObject);
private

procedure DrawImages;

procedure GetCanvasRect(AImage: TImage; var ARect: TRect);
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

procedure TMainForm.GetCanvasRect(AImage: TImage; var ARect: TRect);

var
R: TRect;
R2: TRect;
begin

R := AlImage.Canvas.ClipRect;

with AImage do begin
ARect.TopLeft Point (0, 0);
ARect.BottomRight := Point(Width, Height);

end;
R2 := ARect;
ARect := R2;

end;
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procedure TMainForm.DrawImages;

var

R: TRect;

begin

// Draw an ellipse in img1
with imgCopyTo.Canvas d
begin
Brush.Style := bsSolid;
Brush.Color := clWhit

GetCanvasRect (imgCopyTo, R);

FillRect(R);
Brush.Color := clRed;
Ellipse(10, 10, 100,

end;

(o]

€;

100) ;

// Draw an ellipse in img2
with imgCopyFrom.Canvas do
begin
Brush.Style := bsSolid;
Brush.Color := clWhite;

GetCanvasRect (imgCopyFrom, R);

FillRect(R);
Brush.Color := clBlue
Ellipse(30, 30, 120,

end;

end;

120);

CHAPTER 8

procedure TMainForm.FormShow(Sender: TObject);

begin

// Initialize the combobox to the first item
chCopyMode.ItemIndex :=

DrawImages;

end;

0;

procedure TMainForm.btnCopyClick(Sender: TObject);

var
cm: Longint;
CopyToRect,

CopyFromRect: TRect;

begin

// Determine the copy mode based on the combo box selection

case cbCopyMode.ItemIndex of
cm :
cm :
cm :

0:
1:
2:

cmBlackNess;
cmDstInvert;
cmMergeCopy;

continues
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3: cm := cmMergePaint;
4 cm := cmNotSrcCopy;
5: cm := cmNotSrcErase;
6: cm := cmPatCopy;

7: cm := cmPatInvert;
8 cm := cmPatPaint;
9: cm := cmSrcAnd;

10: cm := cmSrcCopy;
11: cm := cmSrcErase;
12: cm := cmSrcInvert;
13: cm := cmSrcPaint;
14: cm := cmWhiteness;
else

cm := cmSrcCopy;

end;

/] Assign the selected copymode to Imagel's CopyMode property.
imgCopyTo.Canvas.CopyMode := cm;

GetCanvasRect (imgCopyTo, CopyToRect);
GetCanvasRect (imgCopyFrom, CopyFromRect);

// Now copy Image2 onto Imagel using Imageil's CopyMode setting
imgCopyTo.Canvas.CopyRect (CopyToRect, imgCopyFrom.Canvas, CopyFromRect);
end;

procedure TMainForm.btnDrawImagesClick(Sender: TObject);
begin

DrawImages;
end;

end.

This project initially paints an ellipse on the two TImage components: imgFromImage and
imgToImage. When the Copy button is clicked, imgFromImage is copied onto imgToImage1
using the CopyMode setting specified from cbCopyMode.

Other Properties

TCanvas has other properties that we’ll discuss more as we illustrate how to use them in coding
techniques. This section briefly discusses these properties.

TCanvas.ClipRect represents a drawing region of the canvas to which drawing can be per-
formed. You can use ClipRect to limit the area that can be drawn for a given canvas.
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CAUTION

Initially, ClipRect represents the entire Canvas drawing area. You might be tempted
to use the ClipRect property to obtain the bounds of a canvas. However, this could
get you into trouble. ClipRect will not always represent the total size of its compo-
nent. It can be less than the Canvas’s display area.

TCanvas.Handle gives you access to the actual device context that the TCanvas instance encap-
sulates. Device contexts are discussed later in this chapter.

TCanvas.PenPos is simply an X,Y coordinate location of the canvas’s pen. You can change the
pen’s position by using the TCanvas methods—MoveTo(), LineTo(), PolyLine(), TextOut(),
and so on.

Using the TCanvas Methods

The TCanvas class encapsulates many GDI drawing functions. With TCanvas’s methods, you
can draw lines and shapes, write text, copy areas from one canvas to another, and even stretch
an area on the canvas to fill a larger area.

Drawing Lines with TCanvas

TCanvas.MoveTo() changes Canvas.Pen’s drawing position on the Canvas’s surface. The fol-
lowing code, for example, moves the drawing position to the upper-left corner of the canvas:

Canvas.MoveTo (0, 0);

TCanvas.LineTo() draws a line on the canvas from its current position to the position specified
by the parameters passed to LineTo(). Use MoveTo() with LineTo() to draw lines anywhere
on the canvas. The following code draws a line from the upper-left position of the form’s client
area to the form’s lower-right corner:

Canvas.MoveTo (0, 0);
Canvas.LineTo(ClientWidth, ClientHeight);

You already saw how to use the MoveTo() and LineTo() methods in the section covering the
TCanvas.Pen property.

NoTE

Delphi now supports right-to-left-oriented text and control layouts; some controls
(such as the grid) change the canvas coordinate system to flip the X axis. Therefore, if
you're running Delphi on a Middle East version of Windows, MoveTo(@,0) may go to
the top-right corner of the window.
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Drawing Shapes with TCanvas

TCanvas offers various methods for rendering shapes to the canvas: Arc (), Chord(),
Ellipse(), Pie(), Polygon(), PolyLine(), Rectangle(), and RoundRect (). To draw an
ellipse in the form’s client area, you would use Canvas’s E11lipse () method, as shown in the
following code:

Canvas.Ellipse (@, 0, ClientWidth, ClientHeight);

You also can fill an area on the canvas with a brush pattern specified in the
Canvas.Brush.Style property. The following code draws an ellipse and fills the ellipse inte-
rior with the brush pattern specified by Canvas.Brush.Style:

Canvas.Brush.Style := bsCross;
Canvas.Ellipse (@, 0, ClientWidth, ClientHeight);

Additionally, you saw how to add a bitmap pattern to the TCanvas.Brush.Bitmap property,
which it uses to fill an area on the canvas. You can also use a bitmap pattern for filling in
shapes. We’ll demonstrate this later.

Some of Canvas’s other shape-drawing methods take additional or different parameters to
describe the shape being drawn. The PolyLine () method, for example, takes an array of
TPoint records that specify positions, or pixel coordinates, on the canvas to be connected by a
line—sort of like connect the dots. A TPoint is a record in Delphi 5 that signifies an X,Y coor-
dinate. A TPoint is defined as

TPoint = record

X: Integer;
Y: Integer;
end;

A Code Example for Drawing Shapes

Listing 8.4 illustrates using the various shape-drawing methods of TCanvas. You can find this
project on the CD.

LisTING 8.4 An Illustration of Shape-Drawing Operations

unit MainFrm;
interface
uses
SysUtils, Windows, Messages, Classes, Graphics,

Controls, Forms, Dialogs, Menus;

type
TMainForm = class(TForm)
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mmMain: TMainMenu;

mmiShapes

: TMenuItem;

mmiArc: TMenultem;

mmiChord:

TMenuItem;

mmiEllipse: TMenuItem;

mmiPie: TMenuItem;

mmiPolygon: TMenuItem;
mmiPolyline: TMenultem;
mmiRectangle: TMenultem;
mmiRoundRect: TMenulItem;

N1: TMenultem;

mmiFill: TMenuItem;
mmiUseBitmapPattern: TMenultem;
mmiPolyBezier: TMenultem;

procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
private

mmiFillClick(Sender: TObject);
mmiArcClick (Sender: TObject);
mmiChordClick (Sender: TObject);
mmiEllipseClick(Sender: TObject);

mmiUseBitmapPatternClick(Sender: TObject);

mmiPieClick (Sender: TObject);
mmiPolygonClick(Sender: TObject);
mmiPolylineClick(Sender: TObject);
mmiRectangleClick(Sender: TObject);
mmiRoundRectClick (Sender: TObject)
FormCreate(Sender: TObject);
FormDestroy(Sender: TObject);
mmiPolyBezierClick(Sender: TObject);

H

FBitmap: TBitmap;

public
procedure
procedure
end;

var

ClearCanvas;
SetFillPattern;

MainForm: TMainForm;

implementation

{$R *.DFM}

procedure TMainForm.ClearCanvas;

begin
// Clear the
with Canvas

contents of the canvas
do

CHAPTER 8
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LisTING 8.4 Continued

begin
Brush.Style := bsSolid;
Brush.Color := clWhite;
FillRect(ClientRect);
end;
end;

procedure TMainForm.SetFillPattern;
begin
{ Determine if shape is to be draw with a bitmap pattern in which
case load a bitmap. Otherwise, use the brush pattern. }
if mmiUseBitmapPattern.Checked then

Canvas.Brush.Bitmap := FBitmap
else
with Canvas.Brush do
begin
Bitmap := nil;
Color := clBlue;
Style := bsCross;
end;

end;

procedure TMainForm.mmiFillClick(Sender: TObject);
begin
mmiFill.Checked := not mmiFill.Checked;

{ If mmiUseBitmapPattern was checked, uncheck it set the
brush's bitmap to nil. }
if mmiUseBitmapPattern.Checked then

begin
mmiUseBitmapPattern.Checked := not mmiUseBitmapPattern.Checked;
Canvas.Brush.Bitmap := nil;
end;
end;

procedure TMainForm.mmiUseBitmapPatternClick(Sender: TObject);
begin
{ Set mmiFil1.Checked mmiUseBitmapPattern.Checked. This will cause
the SetFillPattern procedure to be called. However, if
mmiUseBitmapPattern is being set, set Canvas.Brush.Bitmap to
nil. }
mmiUseBitmapPattern.Checked := not mmiUseBitmapPattern.Checked;
mmiFill.Checked := mmiUseBitmapPattern.Checked;
if not mmiUseBitmapPattern.Checked then
Canvas.Brush.Bitmap := nil;
end;
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procedure TMainForm.mmiArcClick (Sender: TObject);
begin
ClearCanvas;
with ClientRect do
Canvas.Arc(Left, Top, Right, Bottom, Right, Top, Left, Top);
end;

procedure TMainForm.mmiChordClick(Sender: TObject);
begin
ClearCanvas;
with ClientRect do
begin
if mmiFill.Checked then
SetFillPattern;
Canvas.Chord(Left, Top, Right, Bottom, Right, Top, Left, Top);
end;
end;

procedure TMainForm.mmiEllipseClick(Sender: TObject);

begin
ClearCanvas;
if mmiFill.Checked then
SetFillPattern;
Canvas.Ellipse(0, 0, ClientWidth, ClientHeight);
end;

procedure TMainForm.mmiPieClick(Sender: TObject);
begin
ClearCanvas;
if mmiFill.Checked then
SetFillPattern;
Canvas.Pie(0, 0, ClientWidth, ClientHeight, 50, 5, 300, 50);
end;

procedure TMainForm.mmiPolygonClick(Sender: TObject);
begin

ClearCanvas;

if mmiFill.Checked then

SetFillPattern;
Canvas.Polygon([Point(@, ©), Point(150, 20), Point(230, 130),
Point (40, 120)1]);

end;
procedure TMainForm.mmiPolylineClick(Sender: TObject);
begin

ClearCanvas;

continues
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LisTING 8.4 Continued

Canvas.PolyLine([Point(@, @), Point(120, 30), Point(250, 120),
Point (140, 200), Point (80, 100), Point (30, 30)]);
end;

procedure TMainForm.mmiRectangleClick(Sender: TObject);

begin
ClearCanvas;
if mmiFill.Checked then
SetFillPattern;
Canvas.Rectangle(10 , 10, 125, 240);
end;

procedure TMainForm.mmiRoundRectClick(Sender: TObject);

begin
ClearCanvas;
if mmiFill.Checked then
SetFillPattern;
Canvas.RoundRect (15, 15, 150, 200, 50, 50);
end;

procedure TMainForm.FormCreate(Sender: TObject);

begin
FBitmap := TBitmap.Create;
FBitMap.LoadFromFile('Pattern.bmp');
Canvas.Brush.Bitmap := nil;

end;

procedure TMainForm.FormDestroy(Sender: TObject);
begin

FBitmap.Free;
end;

procedure TMainForm.mmiPolyBezierClick(Sender: TObject);
begin
ClearCanvas;
Canvas.PolyBezier([Point (0, 100), Point(100, @), Point (200, 50),
Point (300, 100)1]);
end;

end.

The main menu event handlers perform the shape-drawing functions. Two public methods,
ClearCanvas() and SetFillPattern(), serve as helper functions for the event handlers. The
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first eight menu items result in a shape-drawing function being drawn on the form’s canvas.
The last two items, “Fill” and “Use Bitmap Pattern,” specify whether the shape is to be filled
with a brush pattern or a bitmap pattern, respectively.

You should already be familiar with the ClearCanvas() functionality. The SetFillPattern()
method determines whether to use a brush pattern or a bitmap pattern to fill the shapes drawn by
the other methods. If a bitmap is selected, it’s assigned to the Canvas.Brush.Bitmap property.

All the shape-drawing event handlers call ClearCanvas() to erase what was previously drawn
on the canvas. They then call SetFillPattern() if the mmiFill.Checked property is set to
True. Finally, the appropriate TCanvas drawing routine is called. The comments in the source
discuss the purpose of each function. One method worth mentioning here is
mmiPolylineClick().

When you’re drawing shapes, an enclosed boundary is necessary for filling an area with a
brush or bitmap pattern. Although it’s possible to use PolyLine() and FloodFill() to create
an enclosed boundary filled with a pattern, this method is highly discouraged. PolyLine() is
used specifically for drawing lines. If you want to draw filled polygons, call the
TCanvas.Polygon() method. A one-pixel imperfection in where the Polyline () lines are
drawn will allow the call to FloodFill() to leak out and fill the entire canvas. Drawing filled
shapes with Polygon () uses math techniques that are immune to variations in pixel placement.

Painting Text with TCanvas

TCanvas encapsulates Win32 GDI routines for drawing text to a drawing surface. The follow-
ing sections illustrate how to use these routines as well as how to use Win32 GDI functions
that are not encapsulated by the TCanvas class.

Using the TCanvas Text-Drawing Routines

You used Canvas’s TextOut () function to draw text to the form’s client area in previous chap-
ters. Canvas has some other useful methods for determining the size, in pixels, of text con-
tained in a string using Canvas’s rendered font. These functions are TextWidth() and
TextHeight (). The following code determines the width and height for the string "Delphi 5

- Yes!":
var
S: String;
w, h: Integer;
begin
S := 'Delphi 5 -- Yes!';
w := Canvas.TextWidth(S);

h := Canvas.TextHeight(S);
end.
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The TextRect () method also writes text to the form but only within a rectangle specified by a
TRect structure. The text not contained within the TRect boundaries is clipped. In the line

Canvas.TextRect(R,0,0, 'Delphi 3.0 Yes!');

the string "Delphi 5 Yes!" is written to the canvas at location @,0. However, the portion of
the string that falls outside the coordinates specified by R, a TRect structure, gets clipped.

Listing 8.5 illustrates using some of the text-drawing routines.

LisTiING 8.5 A Unit That Illustrates Text-Drawing Operations

unit MainFrm;
interface

uses
SysUtils, Windows, Messages, Classes, Graphics, Controls,
Forms, Dialogs, Menus;

const
DString = 'Delphi 5 YES!';
DString2 = 'Delphi 5 Rocks!';

type

TMainForm = class(TForm)
mmMain: TMainMenu;
mmiText: TMenulItem;
mmiTextRect: TMenuItem;
mmiTextSize: TMenuItem;
mmiDrawTextCenter: TMenultem;
mmiDrawTextRight: TMenuItem;
mmiDrawTextLeft: TMenultem;
procedure mmiTextRectClick(Sender: TObject);
procedure mmiTextSizeClick(Sender: TObject);
procedure mmiDrawTextCenterClick(Sender: TObject);
procedure mmiDrawTextRightClick(Sender: TObject);
procedure mmiDrawTextLeftClick(Sender: TObject);
public
procedure ClearCanvas;
end;

var
MainForm: TMainForm;

implementation
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{$R *.DFM}

procedure TMainForm.ClearCanvas;
begin
with Canvas do
begin
Brush.Style := bsSolid;
Brush.Color := clWhite;
FillRect(ClipRect);
end;
end;

procedure TMainForm.mmiTextRectClick(Sender: TObject);
var
R: TRect;
Twidth, THeight: integer;
begin
ClearCanvas;
Canvas.Font.Size := 18;
// Calculate the width/height of the text string
Twidth := Canvas.TextWidth(DString);
THeight := Canvas.TextHeight(DString);

{ Initialize a TRect structure. The height of this rectangle will
be 1/2 the height of the text string height. This is to
illustrate clipping the text by the rectangle drawn }

R := Rect(1, THeight div 2, TWidth + 1, THeight+(THeight div 2));

// Draw a rectangle based on the text sizes

Canvas.Rectangle(R.Left-1, R.Top-1, R.Right+1, R.Bottom+1);

// Draw the Text within the rectangle

Canvas.TextRect(R,0,0,DString);

end;

procedure TMainForm.mmiTextSizeClick(Sender: TObject);
begin
ClearCanvas;
with Canvas do
begin
Font.Size := 18;
TextOut (10, 10, DString);
TextOut (50, 50, 'TextWidth = '+IntToStr(TextWidth(DString)));
TextOut (100, 100, 'TextHeight = '+IntToStr(TextHeight(DString)));
end;
end;

procedure TMainForm.mmiDrawTextCenterClick(Sender: TObject);

continues
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LisTING 8.5 Continued

var

R: TRect;

begin

ClearCanvas;

Canvas.Font.Size := 10;

R := Rect(10, 10, 80, 100);

// Draw a rectangle to surround the TRect boundaries by 2 pixels }

Canvas.Rectangle(R.Left-2, R.Top-2, R.Right+2, R.Bottom+2);

// Draw text centered by specifying the dt_Center option

DrawText (Canvas.Handle, PChar(DString2), -1, R, dt_WordBreak or dt_Center);
end;

procedure TMainForm.mmiDrawTextRightClick(Sender: TObject);
var

R: TRect;
begin

ClearCanvas;

Canvas.Font.Size := 10;

R := Rect(10, 10, 80, 100);

// Draw a rectangle to surround the TRect boundaries by 2 pixels

Canvas.Rectangle(R.Left-2, R.Top-2, R.Right+2, R.Bottom+2);

// Draw text right-aligned by specifying the dt_Right option

DrawText (Canvas.Handle, PChar(DString2), -1, R, dt_WordBreak or dt_Right);
end;

procedure TMainForm.mmiDrawTextLeftClick(Sender: TObject);
var

R: TRect;
begin

ClearCanvas;

Canvas.Font.Size := 10;

R := Rect(10, 10, 80, 100);

// Draw a rectangle to surround the TRect boundaries by 2 pixels

Canvas.Rectangle(R.Left-2, R.Top-2, R.Right+2, R.Bottom+2);

// Draw text left-aligned by specifying the dt_Left option

DrawText (Canvas.Handle, PChar(DString2), -1, R, dt_WordBreak or dt_Left);
end;

end.

Like the other projects, this project contains the ClearCanvas () method to erase the contents
of the form’s canvas.

The various methods of the main form are event handlers to the form’s main menu.
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The mmiTextRectClick () method illustrates how to use the TCanvas.TextRect() method. It
determines the text width and height and draws the text inside a rectangle the height of the
original text size. Its output is shown in Figure 8.10.

1
4 Delphi § Developer's Guide Text Stull Demo = B3
Text

it

FiGure 8.10
The output of nmiTextRectClick ().

mmiTextSizeClick () shows how to determine the size of a text string using the
TCanvas.TextWidth() and TCanvas.TextHeight () methods. Its output is shown in Figure 8.11.

1
4 Delphi § Developer's Guide Text Stull Demo = B3

Tent

Delphi & YES!
TextWidth =149

TextHeight = 29

FiGURE 8.11
The output of MmiTextSizeClick().

Using Non-TCanvas GDI Text Output Routines

In the sample project, the mmiDrawTextCenter (), mmiDrawTextRight (), and mmiDrawTextLeft ()
methods all illustrate using the Win32 GDI function DrawText (). DrawText () is a GDI function
not encapsulated by the TCanvas class.

This code illustrates how Delphi 5’s encapsulation of Win32 GDI through the TCanvas class
doesn’t prevent you from making use of the abundant Win32 GDI functions. Instead, TCanvas
really just simplifies using the more common routines while still enabling you to call any
Win32 GDI function you might need.
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If you look at the various GDI functions such as BitB1t() and DrawText (), you’ll find that
one of the required parameters is a DC, or device context. The device context is accessible
through the canvas’s Handle property. TCanvas.Handle is the DC for that canvas.

Device Contexts

Device contexts (DCs) are handles provided by Win32 to identify a Win32 application’s
connection to an output device such as a monitor, printer, or plotter through a device
driver. In traditional Windows programming, you're responsible for requesting a DC
whenever you need to paint to a window's surface; then, when done, you have to
return the DC back to Windows. Delphi 5 simplifies the management of DCs by
encapsulating DC management in the TCanvas class. In fact, TCanvas even caches your
DG, saving it for later so that requests to Win32 occur less often—thus, speeding up
your program’s overall execution.

To see how to use TCanvas with a Win32 GDI function, you used the GDI routine DrawText () to
output text with advanced formatting capabilities. DrawText takes the following five parameters:

Parameter Description
DC Device context of the drawing surface.
Str Pointer to a buffer containing the text to be drawn. This must be a

null-terminated string if the Count parameter is -1.

Count Number of bytes in Str. If this value is -1, Str is a pointer to a
null-terminated string.

Rect Pointer to a TRect structure containing the coordinates of the
rectangle in which the text is formatted.

Format A bit field that contains flags specifying the various formatting
options for Str.

In the example, you initialize a TRect structure using the Rect () function. You’ll use the struc-
ture to draw a rectangle around the text drawn with the DrawText () function. Each of the three
methods passes a different set of formatting flags to the DrawText () function. The
dt_WordBreak and dt_Center formatting flags are passed to the DrawText () function to center
the text in the rectangle specified by the TRect variable R. dt_WordBreak, OR’ed with
dt_Right, is used to right-justify the text in the rectangle. Likewise, dt_WordBreak, OR’ed with
dt_Left, left-justifies the text. The dt_WordBreak specifier word-wraps the text within the
width given by the rectangle parameter and modifies the rectangle height to bind the text after
being word-wrapped.

The output of mmiDrawTextCenterClick() is shown in Figure 8.12.
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4 Delphi § Developer's Guide Text Stull Demo = B3
Text

Delphi &
Rocks!

FIGURE 8.12
The output of mnmiDrawTextCenterClick().

TCanvas also has the methods Draw(), Copy (), CopyRect(), and StretchDraw(), which enable
you to draw, copy, expand, and shrink an image or a portion of an image to another canvas.
You’ll use CopyRect () when we show you how to create a paint program later in this chapter.
Also, Chapter 16, “MDI Applications,” shows you how to use the StretchDraw() method to
stretch a bitmap image onto the client area of a form.

Coordinate Systems and Mapping Modes

Most GDI drawing routines require a set of coordinates that specify the location where draw-
ing is to occur. These coordinates are based on a unit of measurement, such as the pixel.
Additionally, GDI routines assume an orientation for the vertical and horizontal axis—that is,
how increasing or decreasing the values of the X,Y coordinates moves the position at which
drawing occurs. Win32 relies on two factors to perform drawing routines. These are the Win32
coordinates system and the mapping mode of the area that’s being drawn to.

Win32 coordinates systems are, generally, no different from any other coordinates system. You
define a coordinate for an X,Y axis, and Win32 plots that location to a point on your drawing
surface based on a given orientation. Win32 uses three coordinates systems to plot areas on
drawing surfaces called the device, logical, and world coordinates. Windows 95 doesn’t sup-
port world transformations (bitmap rotation, shearing, twisting, and so on). We’ll cover the first
two modes in this chapter.

Device Coordinates

Device coordinates, as the name implies, refer to the device on which Win32 is running. Its
measurements are in pixels, and the orientation is such that the horizontal and vertical axes
increase from left to right and top to bottom. For example, if you’re running Windows on a
640x480 pixel display, the coordinates at the top-left corner on your device are (0,0), whereas
the bottom-right coordinates are (639,479).
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Logical Coordinates

Logical coordinates refer to the coordinates system used by any area in Win32 that has a
device context or DC such as a screen, a form, or a form’s client area. The difference between
device and logical coordinates is explained in a moment. The screen, form window, and form
client-area coordinates are explained first.

Screen Coordinates

Screen coordinates refer to the display device; therefore, it follows that coordinates are based
on pixel measurements. On a 640x480 display, Screen.width and Screen.Height are also 640
and 480 pixels, respectively. To obtain a device context for the screen, use the Win32 API func-
tion GetDC (). You must match any function that retrieves a device context with a call to
ReleaseDC (). The following code illustrates this:

var
ScreenDC: HDC;
begin
Screen DC := GetDC(0);
try
{ Do whatever you need to do with ScreenDC }
finally
ReleaseDC(@, ScreenDC);
end;
end;

Form Coordinates

Form coordinates are synonymous with the term window coordinates and refer to an entire
form or window, including the caption bar and borders. Delphi 5 doesn’t provide a DC to the
form’s drawing area through a form’s property, but you can obtain one by using the Win32 API
function GetWindowDC (), as follows:

MyDC := GetWindowDC(Form1.Handle);

This function returns the DC for the window handle passed to it.

NoTE

You can use a TCanvas object to encapsulate the device contexts obtained from the
calls to GetDC() and GetWindowDC (). This enables you to use the TCanvas methods
against those device contexts. You just need to create a TCanvas instance and then
assign the result of GetDC() or GetWindowDC () to the TCanvas.Handle property. This
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works because the TCanvas object takes ownership of the handle you assign to it,
and it will release the DC when the canvas is freed. The following code illustrates this
technique:

var
c: TCanvas;

begin
c := TCanvas.Create;
try

c.Handle := GetDC(0);
c.TextOut (10, 10, 'Hello World');
finally
c.Free;
end;
end;

A form’s client-area coordinates refer to a form’s client area whose DC is the Handle property
of the form’s Canvas and whose measurements are obtained from Canvas.ClientWidth and
Canvas.ClientHeight.

Coordinate Mapping

So why not just use device coordinates instead of logical coordinates when performing draw-
ing routines? Examine the following line of code:

Form1.Canvas.TextOut (@, @, 'Upper Left Corner of Form');

This line places the string at the upper-left corner of the form. The coordinates (0,0) map to the
position (0,0) in the form’s device context—logical coordinates. However, the position (0,0) for
the form is completely different in device coordinates and depends on where the form is
located on your screen. If the form just happens to be located at the upper-left corner of your
screen, the form’s coordinates (0,0) may in fact map to (0,0) in device coordinates. However,
as you move the form to another location, the form’s position (0,0) will map to a completely
different location on the device.

Tip

You can obtain a point based on device coordinates from the point as it's repre-
sented in logical coordinates, and vice versa, using the Win32 API functions
ClientToScreen() and ScreenToClient (), respectively. These are also TControl
methods. Note that this works only with screen DCs associated with a visible control.

continues
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For printer or metafile DCs that are not screen based, convert logical pixels to device
pixels by using the LPtoDP () Win32 function. Also see DPtoLP() in the Win32
online help.

Underneath the call to Canvas.TextOut (), Win32 does actually use device coordinates. For
Win32 to do this, it must “map” the logical coordinates of the DC being drawn to, to device
coordinates. It does this using the mapping mode associated with the DC.

Another reason for using logical coordinates is that you might not want to use pixels to per-
form drawing routines. Perhaps you want to draw using inches or millimeters. Win32 enables
you to change the unit with which you perform your drawing routines by changing its mapping
mode, as you’ll see in a moment.

Mapping modes define two attributes for the DC: the translation that Win32 uses to convert
logical units to device units, and the orientation of the X,Y axis for the DC.

NoTE

It might not seem apparent that drawing routines, mapping modes, orientation, and
so on are associated with a DC because, in Delphi 5, you use the canvas to draw.
Remember that TCanvas is a wrapper for a DC. This becomes obvious when compar-
ing Win32 GDI routines to their equivalent Canvas routines. Here are examples:

Canvas routine: Canvas.Rectangle (@, 0, 50, 50));
GDI routine: Rectangle (ADC, @, 0, 50, 50);

When you're using the GDI routine, a DC is passed to the function, whereas the can-
vas's routine uses the DC that it encapsulates.

Win32 enables to you define the mapping mode for a DC or TCanvas.Handle. In fact, Win32
defines eight mapping modes you can use. These mapping modes, along with their attributes,
are shown in Table 8.4. The sample project in the next section illustrates more about mapping
modes.

TaBLE 8.4 Win32 Mapping Modes

Mapping Mode Logical Unit Size Orientation (X,Y)
MM_ANISOTROPIC Arbitrary (x <>y) Definable/definable
or (x=y)

MM_HIENGLISH 0.001 inch Right/up
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Mapping Mode

Logical Unit Size

Orientation (X,Y)

MM_HIMETRIC
MM_ISOTROPIC
MM_LOENGLISH
MM_LOMETRIC
MM_TEXT
MM_TWIPS

0.01 mm
arbitrary (x =y)
0.01 inch

0.1 mm

1 pixel

1440 inch

Right/up
Definable/definable
Right/up

Right/up
Right/down
Right/up

Win32 defines a few functions that enable you to change or retrieve information about the
mapping modes for a given DC. Here’s a summary of these functions:

* SetMapMode (). Sets the mapping mode for a given device context.

* GetMapMode (). Gets the mapping mode for a given device context.

* SetWindowOrgEx (). Defines an window origin (point 0,0) for a given DC.

* SetViewPortOrgEx(). Defines a viewport origin (point 0,0) for a given DC.

e SetWindowExtEx (). Defines the X,Y extents for a given window DC. These values are

used in conjunction with the viewport X,Y extents to perform translation from logical

units to device units.

* SetViewPortExtEx(). Defines the X,Y extents for a given viewport DC. These values

are used in conjunction with the window X,Y extents to perform translation from logical

units to device units.

Notice that these functions contain either the word Window or ViewPort. The window or view-
port is simply a means by which Win32 GDI can perform the translation from logical to device
units. The functions with Window refer to the logical coordinate system, whereas those with
ViewPort refer to the device coordinates system. With the exception of the MM_ANISOTROPIC
and MM_ISOTROPIC mapping modes, you don’t have to worry about this much. In fact, Win32
uses the MM_TEXT mapping mode by default.

NoTE

MM_TEXT is the default mapping mode, and it maps logical coordinates 1:1 with
device coordinates. So, you're always using device coordinates on all DCs, unless you
change the mapping mode. There are some API functions where this is significant:
Font heights, for example, are always specified in device pixels, not logical pixels.
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Setting the Mapping Mode

You’ll notice that each mapping mode uses a different logical unit size. In some cases, it might
be convenient to use a different mapping mode for that reason. For example, you might want to
display a line 2 inches wide, regardless of the resolution of your output device. In this instance,
MM_LOENGLISH would be a good candidate for a mapping mode to use.

As an example of drawing a 1-inch rectangle to the form, you first change the mapping mode
for Form1.Canvas.Handle to MM_HIENGLISH or MM_LOENGLISH:

SetMapMode (Canvas.Handle, MM_LOENGLISH);

Then you draw the rectangle using the appropriate units of measurement for a 1-inch rectangle.
Because MM_LOENGLISH uses Yioo inch, you simply pass the value 100, as follows (this will be
illustrated further in a later example):

Canvas.Rectangle(0, 0, 100, 100);

Because MM_TEXT uses pixels as its unit of measurement, you can use the Win32 API function
GetDeviceCaps () to retrieve the information you need to perform translation from pixels to
inches or millimeters. Then you can do your own calculations if you want. This is demon-
strated in Chapter 10, “Printing in Delphi 5.” Mapping modes are a way to let Win32 do the
work for you. Note, however, that you’ll most likely never be able to get exact measurements
for screen displays. There are a few reasons for this: Windows cannot record the display size of
the screen—it must guess. Also, Windows typically inflates display scales to improve text read-
ability on relatively chunky monitors. So, for example, a 10-point font on a screen is about as
tall as a 12- to 14-point font on paper.

Setting the Window/Viewport Extents

The SetWindowExtEx () and SetViewPortExtEx() functions enable you to define how Win32
translates logical units to device units. These functions have an effect only when the window’s
mapping mode is either MM_ANISOTROPIC or MM_ISOTROPIC. They are ignored otherwise.
Therefore, the following lines of code mean that one logical unit requires two device units
(pixels):

SetWindowExtEx (Canvas.Handle, 1, 1, nil)
SetViewportExtEx(Canvas.Handle, 2, 2, nil);

Likewise, these lines of code mean that five logical units require 10 device units:

SetWindowExtEx (Canvas.Handle, 5, 5, nil)
SetViewportExtEx(Canvas.Handle, 10, 10, nil);

Notice that this is exactly the same as the previous example. Both have the same effect of hav-
ing a 1:2 ratio of logical to device units. Here’s an example of how this may be used to change
the units for a form:
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SetWindowExtEx (Canvas.Handle, 500, 500, nil)
SetViewportExtEx(Canvas.Handle, ClientWidth, ClientHeight, nil);

NoTE

Changing the mapping mode for a device context represented by a VCL canvas is not
“sticky,” which means that it may revert back to its original mode. Generally, the
map mode must be set within the handler doing the actual drawing.

This enables to you work with a form whose client width and height are 500x500 units (not
pixels) despite any resizing of the form.

The SetWindowOrgEx () and SetViewPortOrgEx () functions enable you to relocate the origin
or position (0,0), which, by default, is at the upper-left corner of a form’s client area in the
MM_TEXT mapping mode. Typically, you just modify the viewport origin. For example, the fol-
lowing line sets up a four-quadrant coordinate system like the one illustrated in Figure 8.13:

SetViewportOrgEx(Canvas.Handle, ClientWidth div 2, ClientHeight div 2, nil);

-y

—X +X

+y

FiGURE 8.13

A four-quadrant coordinate system.

Notice that we pass a nil value as the last parameter in the SetWindowOrgEx (),
SetViewPortOrgEx (), SetWindowExtEx (), and SetViewPortExtEx () functions. The
SetWindowOrgEx () and SetViewPortOrgEx () functions take a TPoint variable that gets
assigned the last origin value so that you can restore the origin for the DC, if necessary. The
SetWindowExtEx () and SetViewPortExtEx() functions take a TSize structure to store the orig-
inal extents for the DC for the same reason.
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Mapping Mode Example Project

Listing 8.6 shows you the unit for a project. This project illustrates how to set mapping modes,
window and viewport origins, and windows and viewport extents. It also illustrates how to
draw various shapes using TCanvas methods. You can load this project from the CD.

LisTING 8.6 An Illustration of Mapping Modes

unit MainFrm;
interface

uses
SysUtils, Windows, Messages, Classes, Graphics, Controls,
Forms, Dialogs, Menus, DB, DBCGrids, DBTables;

type
TMainForm = class(TForm)
mmMain: TMainMenu;
mmiMappingMode: TMenuItem;
mmiMM_ISOTROPIC: TMenuItem;
mmiMM_ANSITROPIC: TMenuItem;
mmiMM_LOENGLISH: TMenuItem;
mmiMM_HIINGLISH: TMenuItem;
mmiMM_LOMETRIC: TMenultem;
mmiMM_HIMETRIC: TMenultem;
procedure FormCreate(Sender: TObject);
procedure mmiMM_ISOTROPICClick(Sender: TObject);
procedure mmiMM_ANSITROPICClick(Sender: TObject);
procedure mmiMM_LOENGLISHClick (Sender: TObject);
procedure mmiMM_HIINGLISHClick (Sender: TObject);
procedure mmiMM_LOMETRICClick (Sender: TObject);
procedure mmiMM_HIMETRICClick (Sender: TObject);
public
MappingMode: Integer;
procedure ClearCanvas;
procedure DrawMapMode (Sender: TObject);
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

procedure TMainForm.ClearCanvas;
begin
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with Canvas do
begin
Brush.Style := bsSolid;
Brush.Color := clWhite;
FillRect(ClipRect);
end;
end;

procedure TMainForm.DrawMapMode (Sender: TObject);
var
PrevMapMode: Integer;
begin
ClearCanvas;
Canvas.TextOut (0, @, (Sender as TMenultem).Caption);

// Set mapping mode to MM_LOENGLISH and save the previous mapping mode
PrevMapMode := SetMapMode (Canvas.Handle, MappingMode) ;
try
// Set the viewport org to left, bottom
SetViewPortOrgEx(Canvas.Handle, @, ClientHeight, nil);
{ Draw some shapes to illustrate drawing shapes with different
mapping modes specified by MappingMode }
Canvas.Rectangle(0, 0, 200, 200);
Canvas.Rectangle (200, 200, 400, 400);
Canvas.Ellipse (200, 200, 400, 400);
Canvas.MoveTo (0, 0);
Canvas.LineTo (400, 400);
Canvas.MoveTo (0, 200);
Canvas.LineTo (200, 0);
finally
/] Restore previous mapping mode
SetMapMode (Canvas.Handle, PrevMapMode);
end;
end;

procedure TMainForm.FormCreate(Sender: TObject);
begin

MappingMode := MM_TEXT;
end;

procedure TMainForm.mmiMM_ISOTROPICClick(Sender: TObject);
var
PrevMapMode: Integer;
begin
ClearCanvas;
// Set mapping mode to MM_ISOTROPIC and save the previous mapping mode
PrevMapMode := SetMapMode(Canvas.Handle, MM_ISOTROPIC);

continues
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try

// Set the window extent to 500 x 500
SetWindowExtEx (Canvas.Handle, 500, 500, nil);
// Set the Viewport extent to the Window's client area
SetViewportExtEx(Canvas.Handle, ClientWidth, ClientHeight, nil);
// Set the ViewPortOrg to the center of the client area
SetViewportOrgEx(Canvas.Handle, ClientWidth div 2,

ClientHeight div 2, nil);
// Draw a rectangle based on current settings
Canvas.Rectangle(0, 0, 250, 250);
{ Set the viewport extent to a different value, and

draw another rectangle. continue to do this three

more times so that a rectangle is draw to represent

the plane in a four-quadrant square }
SetViewportExtEx(Canvas.Handle, ClientWidth, -ClientHeight, nil);
Canvas.Rectangle(0, 0, 250, 250);

SetViewportExtEx(Canvas.Handle, -ClientWidth, -ClientHeight, nil);
Canvas.Rectangle(0, 0, 250, 250);

SetViewportExtEx(Canvas.Handle, -ClientWidth, ClientHeight, nil);
Canvas.Rectangle(0, 0, 250, 250);
// Draw an ellipse in the center of the client area
Canvas.Ellipse(-50, -50, 50, 50);

finally
// Restore the previous mapping mode
SetMapMode (Canvas.Handle, PrevMapMode);

end;

end;

procedure TMainForm.mmiMM_ANSITROPICClick(Sender: TObject);
var
PrevMapMode: Integer;
begin
ClearCanvas;
// Set the mapping mode to MM_ANISOTROPIC and save the
// previous mapping mode
PrevMapMode := SetMapMode (Canvas.Handle, MM_ANISOTROPIC);
try
// Set the window extent to 500 x 500
SetWindowExtEx (Canvas.Handle, 500, 500, nil);
// Set the Viewport extent to that of the Window's client area
SetViewportExtEx(Canvas.Handle, ClientWidth, ClientHeight, nil);
// Set the ViewPortOrg to the center of the client area
SetViewportOrgEx(Canvas.Handle, ClientWidth div 2,
ClientHeight div 2, nil);
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// Draw a rectangle based on current settings

Canvas.Rectangle(0, 0, 250, 250);

{ Set the viewport extent to a different value, and
draw another rectangle. continue to do this three
more times so that a rectangle is draw to represent
the plane in a four-quadrant square }

SetViewportExtEx(Canvas.Handle, ClientWidth, -ClientHeight, nil);

Canvas.Rectangle (0, 0, 250, 250);

SetViewportExtEx(Canvas.Handle, -ClientWidth, -ClientHeight, nil);

Canvas.Rectangle(0, 0, 250, 250);

SetViewportExtEx(Canvas.Handle, -ClientWidth, ClientHeight, nil);

Canvas.Rectangle(0, 0, 250, 250);
// Draw an ellipse in the center of the client area
Canvas.Ellipse(-50, -50, 50, 50);

finally
//Restore the previous mapping mode
SetMapMode (Canvas.Handle, PrevMapMode);

end;

end;

procedure TMainForm.mmiMM_LOENGLISHClick (Sender: TObject);
begin

MappingMode := MM_LOENGLISH;

DrawMapMode (Sender) ;
end;

procedure TMainForm.mmiMM_HIINGLISHClick (Sender: TObject);
begin

MappingMode := MM_HIENGLISH;

DrawMapMode (Sender) ;
end;

procedure TMainForm.mmiMM_LOMETRICClick (Sender: TObject);
begin

MappingMode := MM_LOMETRIC;

DrawMapMode (Sender) ;
end;

procedure TMainForm.mmiMM_HIMETRICClick (Sender: TObject);
begin

MappingMode := MM_HIMETRIC;

DrawMapMode (Sender) ;
end;

end.

CHAPTER 8
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The main form’s field MappingMode is used to hold the current mapping mode that’s initialized in
the FormCreate () method to MM_TEXT. This variable gets set whenever the MMLOENGLISH1Click(),
MMHIENGLISH1Click (), MMLOMETRIC1Click (), and MMHIMETRIC1Click () methods are invoked
from their respective menus. These methods then call the method DrawMapMode () , which sets the
main form’s mapping mode to that specified by MappingMode. It then draws some shapes and
lines using constant values to specify their sizes. When different mapping modes are used when
drawing the shapes, they’ll be sized differently on the form because the measurements used are
used in the context of the specified mapping mode. Figures 8.14 and 8.15 illustrate

DrawMapMode ()’s output for the MM_LOENGLISH and MM_LOMETRIC mapping modes.

it Delphi 5 Developer's Guide - Mapping Mode Demo

Mapping Mode

Mb_&LOENGLISH /

]

FiGure 8.14
DrawMapMode () output using MM_LOENGLISH mapping mode.

<t Delphi 5 Developer's Guide - Mapping Mode Demo M= E
Mapping Mode
MM_LEOMETRIC

FIGURE 8.15
DrawMapMode () output using MM_LOMETRIC mapping mode.

The mmiMM_ISOTROPICClick () method illustrates drawing with the form’s canvas in the
MM_ISOTROPIC mode. This method first sets the mapping mode and then sets the canvas’s view-
port extent to that of the form’s client area. The origin is then set to the center of the form’s
client area, which allows all four quadrants of the coordinate system to be viewed.
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The method then draws a rectangle in each plane and an ellipse in the center of the client area.
Notice how you can use the same values in the parameters passed to Canvas.Rectangle() yet
draw to different areas of the canvas. This is accomplished by passing negative values to the X
parameter, Y parameter, or both parameters passed to SetViewPortExt().

The mmiMM_ANISOTROPICClick () method performs the same operations except it uses the
MM_ANISOTROPIC mode. The purpose of showing both is to illustrate the principle difference
between the MM_ISOTROPIC and MM_ANISOTROPIC mapping modes.

Using the MM_ISOTROPIC mode, Win32 ensures that the two axes use the same physical size
and makes the necessary adjustments to see this is the case. The MM_ANISOTROPIC mode, how-
ever, uses physical dimensions that might not be equal. Figures 8.16 and 8.17 illustrate this
more clearly. You can see that the MM_ISOTROPIC mode ensures equality with the two axes,
whereas the same code using the MM_ANISOTROPIC mode does not ensure equality. In fact, the
MM_ISOTROPIC mode further guarantees that the square logical coordinates will be mapped to
device coordinates such that squareness will be preserved, even if the device coordinates sys-
tem is not square.

4t Delphi 5 Developer's Guide - Mapping Mode Dema M= =
Mapping Mode

7
R

FIGURE 8.16
MM_ISOTROPIC mapping mode output.

4t Delphi 5 Developer's Guide - Mapping Mode Dema M=
Mapping Mode

FIGURE 8.17
MM_ANISOTROPIC mapping mode output.
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Creating a Paint Program

The paint program shown here uses several advanced techniques in working with GDI and
graphics images. You can find this project on the CD as DDGPaint.dpr. Listing 8.7 shows the
source code for this project.

LisTING 8.7 The Paint Program: DDGPaint

unit MainFrm;
interface

uses
SysUtils, Windows, Messages, Classes, Graphics, Controls,
Forms, Dialogs, Buttons, ExtCtrls, ColorGrd, StdCtrls, Menus,
comCtrls;

const
crMove = 1;
type

TDrawType = (dtLineDraw, dtRectangle, dtEllipse, dtRoundRect,
dtClipRect, dtCrooked);

TMainForm = class(TForm)
sbxMain: TScrollBox;
imgDrawingPad: TImage;
pnlToolBar: TPanel;
sbLine: TSpeedButton;
sbRectangle: TSpeedButton;
sbEllipse: TSpeedButton;
sbRoundRect: TSpeedButton;
pnlColors: TPanel;
cgDrawingColors: TColorGrid;
pnlFgBgBorder: TPanel;
pnlFgBgInner: TPanel;
Bevell: TBevel;
mmMain: TMainMenu;
mmiFile: TMenuItem;
mmiExit: TMenuItem;

N2: TMenultem;
mmiSaveAs: TMenuItem;
mmiSaveFile: TMenuItem;
mmiOpenFile: TMenuItem;
mmiNewFile: TMenuItem;
mmiEdit: TMenuItem;
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mmiPaste: TMenuItem;

mmiCopy: TMenuItem;

mmiCut: TMenuItem;

sbRectSelect: TSpeedButton;

SaveDialog: TSaveDialog;

OpenDialog: TOpenDialog;

stbMain: TStatusBar;

pbPasteBox: TPaintBox;

sbFreeForm: TSpeedButton;

RgGrpFillOptions: TRadioGroup;

cbxBorder: TCheckBox;

procedure FormCreate(Sender: TObject);

procedure sbLineClick(Sender: TObject);

procedure imgDrawingPadMouseDown (Sender: TObject; Button:
TMouseButton; Shift: TShiftState; X, Y: Integer);

procedure imgDrawingPadMouseMove (Sender: TObject;
Shift: TShiftState; X, Y: Integer);

procedure imgDrawingPadMouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure cgDrawingColorsChange(Sender: TObject);

procedure mmiExitClick(Sender: TObject);

procedure mmiSaveFileClick(Sender: TObject);

procedure mmiSaveAsClick(Sender: TObject);

procedure FormCloseQuery(Sender: TObject; var CanClose: Boolean);

procedure mmiNewFileClick(Sender: TObject);

procedure mmiOpenFileClick(Sender: TObject);

procedure mmiEditClick(Sender: TObject);

procedure mmiCutClick(Sender: TObject);

procedure mmiCopyClick(Sender: TObject);

procedure mmiPasteClick(Sender: TObject);

procedure pbPasteBoxMouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure pbPasteBoxMouseMove(Sender: TObject; Shift: TShiftState; X,
Y: Integer);

procedure pbPasteBoxMouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure pbPasteBoxPaint(Sender: TObject);

procedure FormDestroy(Sender: TObject);

procedure RgGrpFillOptionsClick(Sender: TObject);

DNINWV¥D0Y4 |OQ

public
{ Public declarations }
MouseOrg: TPoint; // Stores mouse information
NextPoint: TPoint; // Stores mouse information
Drawing: Boolean; // Drawing is being performed flag
DrawType: TDrawType; // Holds the draw type information: TDrawType
FillSelected, // Fill shapes flag

continues
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BorderSelected: Boolean; // Draw Shapes with no border flag

EraseClipRect: Boolean; // Specifies whether or not to erase the
// clipping rectangle

Modified: Boolean; // Image modified flag

FileName: String; // Holds the filename of the image

0ldClipViewHwnd: Hwnd; // Holds the old clipboard view window

{ Paste Image variables }

PBoxMoving: Boolean; // PasteBox is moving flag

PBoxMouseOrg: TPoint; // Stores mouse coordinates for PasteBox

PasteBitMap: TBitmap; // Stores a bitmap image of the pasted data

Pasted: Boolean; // Data pasted flag

LastDot: TPoint; // Hold the TPoint coordinate for performing

// free line drawing

procedure DrawTolImage(TL, BR: TPoint; PenMode: TPenMode);

{ This procedure paints the image specified by the DrawType field
to imgDrawingPad }

procedure SetDrawingStyle;

{ This procedure sets various Pen/Brush styles based on values
specified by the form's controls. The Panels and color grid is
used to set these values }

procedure CopyPasteBoxToImage;

{ This procedure copies the data pasted from the Windows clipboard
onto the main image component imgDrawingPad }

procedure WMDrawClipBoard(var Msg: TWMDrawClipBoard);

message WM_DRAWCLIPBOARD;

{ This message handler captures the WM_DRAWCLIPBOARD messages
which is sent to all windows that have been added to the clipboard
viewer chain. An application can add itself to the clipboard viewer
chain by using the SetClipBoardViewer() Win32 API function as
is done in FormCreate() }

procedure CopyCut(Cut: Boolean);

{ This method copies a portion of the main image, imgDrawingPad,

to the Window's clipboard. }
end;

var
MainForm: TMainForm;

implementation
uses ClipBrd, Math;

{$R *.DFM}

procedure TMainForm.FormCreate(Sender: TObject);
{ This method sets the form's field to their default values. It then



Graphics Programming with GDI and Fonts 329

CHAPTER 8

creates a bitmap for the imgDrawingPad. This is the image on which
drawing is done. Finally, it adds this application as part of the
Windows clipboard viewer chain by using the SetClipBoardViewer()
function. This makes enables the form to get WM_DRAWCLIPBOARD messages
which are sent to all windows in the clipboard viewer chain whenever
the clipboard data is modified. }

begin
Screen.Cursors[crMove] := LoadCursor(hInstance, 'MOVE');

FillSelected := False;
BorderSelected := True;

Modified := False;

FileName := '';

Pasted := False;
pbPasteBox.Enabled := False;

// Create a bitmap for imgDrawingPad and set its boundaries

with imgDrawingPad do

begin
SetBounds (0, 0, 600, 400);

Picture.Graphic := TBitMap.Create;
Picture.Graphic.Width := 600;
Picture.Graphic.Height := 400;

end;

// Now create a bitmap image to hold pasted data

PasteBitmap := TBitmap.Create;

pbPasteBox.BringToFront;

{ Add the form to the Windows clipboard viewer chain. Save the handle
of the next window in the chain so that it may be restored by the
ChangeClipboardChange() Win32 API function in this form's
FormDestroy() method. }

0ldClipViewHwnd := SetClipBoardViewer(Handle);

end;

DNINWV¥D0Y4 |OQ

procedure TMainForm.WMDrawClipBoard(var Msg: TWMDrawClipBoard);
begin
{ This method will be called whenever the clipboard data
has changed. Because the main form was added to the clipboard
viewer chain, it will receive the WM_DRAWCLIPBOARD message
indicating that the clipboard's data was changed. }
inherited;
{ Make sure that the data contained on the clipboard is actually
bitmap data. }
if ClipBoard.HasFormat (CF_BITMAP) then
mmiPaste.Enabled := True

continues
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else
mmiPaste.Enabled := False;
Msg.Result := 0;
end;

procedure TMainForm.DrawToImage(TL, BR: TPoint; PenMode: TPenMode);
{ This method performs the specified drawing operation. The
drawing operation is specified by the DrawType field }
begin
with imgDrawingPad.Canvas do
begin
Pen.Mode := PenMode;

case DrawType of
dtLineDraw:
begin
MoveTo(TL.X, TL.Y);
LineTo(BR.X, BR.Y);
end;
dtRectangle:
Rectangle(TL.X, TL.Y, BR.X, BR.Y);
dtEllipse:
Ellipse(TL.X, TL.Y, BR.X, BR.Y);
dtRoundRect:
RoundRect(TL.X, TL.Y, BR.X, BR.Y,
(TL.X - BR.X) div 2, (TL.Y - BR.Y) div 2);
dtClipRect:
Rectangle(TL.X, TL.Y, BR.X, BR.Y);
end;
end;
end;

procedure TMainForm.CopyPasteBoxToImage;
{ This method copies the image pasted from the Windows clipboard onto

imgDrawingPad. It first erases any bounding rectangle drawn by PaintBox
component, pbPasteBox. It then copies the data from pbPasteBox onto

imgDrawingPad at the location where pbPasteBox has been dragged
over imgDrawingPad. The reason we don't copy the contents of

pbPasteBox's canvas and use PasteBitmap's canvas instead, is because

when a portion of pbPasteBox is dragged out of the viewable area,

Windows does not paint the portion pbPasteBox not visible. Therefore,

it is necessary to the pasted bitmap from the off-screen bitmap }
var
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SrcRect, DestRect: TRect;
begin
// First, erase the rectangle drawn by pbPasteBox
with pbPasteBox do
begin
Canvas.Pen.Mode := pmNotXOR;
Canvas.Pen.Style := psDot;
Canvas.Brush.Style := bsClear;
Canvas.Rectangle(0, @0, Width, Height);
DestRect := Rect(Left, Top, Left+Width, Top+Height);
SrcRect := Rect(@0, 0, Width, Height);
end;
{ Here we must use the PasteBitmap instead of the pbPasteBox because
pbPasteBox will clip anything outside if the viewable area. }
imgDrawingPad.Canvas.CopyRect (DestRect, PasteBitmap.Canvas, SrcRect);
pbPasteBox.Visible := false;
pbPasteBox.Enabled := false;
Pasted := False; // Pasting operation is complete
end;
procedure TMainForm.imgDrawingPadMouseDown (Sender: TObject; 8
Button: TMouseButton; Shift: TShiftState; X, Y: Integer);
begin 3
Modified := True; 8
// Erase the clipping rectangle if one has been drawn £
if (DrawType = dtClipRect) and EraseClipRect then =
DrawToImage (MouseOrg, NextPoint, pmNotXOR) §
o

else if (DrawType = dtClipRect) then
EraseClipRect := True; // Re-enable cliprect erasing

{ If an bitmap was pasted from the clipboard, copy it to the
image and remove the PaintBox. }

if Pasted then
CopyPasteBoxTolImage;

Drawing := True;
// Save the mouse information
MouseOrg := Point(X, Y);

NextPoint := MouseOrg;
LastDot := NextPoint; // Lastdot is updated as the mouse moves
imgDrawingPad.Canvas.MoveTo (X, Y);

end;

procedure TMainForm.imgDrawingPadMouseMove (Sender: TObject;
Shift: TShiftState; X, Y: Integer);
{ This method determines the drawing operation to be performed and

continues
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either performs free form line drawing, or calls the
DrawToImage method which draws the specified shape }
begin
if Drawing then
begin
if DrawType = dtCrooked then
begin
imgDrawingPad.Canvas.MoveTo(LastDot.X, LastDot.Y);
imgDrawingPad.Canvas.LineTo (X, Y);
LastDot := Point(X,Y);
end
else begin
DrawToImage (MouseOrg, NextPoint, pmNotXor);
NextPoint := Point(X, Y);
DrawToImage (MouseOrg, NextPoint, pmNotXor)
end;
end;
// Update the status bar with the current mouse location
stbMain.Panels[1].Text := Format('X: %d, Y: %D', [X, Y]);
end;

procedure TMainForm.imgDrawingPadMouseUp (Sender: TObject;
Button: TMouseButton; Shift: TShiftState; X, Y: Integer);
begin
if Drawing then
{ Prevent the clipping rectangle from destroying the images already
on the image }
if not (DrawType = dtClipRect) then
DrawToImage (MouseOrg, Point(X, Y), pmCopy);
Drawing := False;
end;

procedure TMainForm.sbLineClick(Sender: TObject);
begin
// First erase the cliprect if current drawing type
if DrawType = dtClipRect then
DrawToImage (MouseOrg, NextPoint, pmNotXOR);

{ Now set the DrawType field to that specified by the TSpeedButton
invoking this method. The TSpeedButton's Tag values match a
specific TDrawType value which is why the typecasting below
successfully assigns a valid TDrawType value to the DrawType field.

if Sender is TSpeedButton then
DrawType := TDrawType(TSpeedButton(Sender).Tag);
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// Now make sure the dtClipRect style doesn't erase previous drawings
if DrawType = dtClipRect then begin
EraseClipRect := False;
end;
// Set the drawing style
SetDrawingStyle;
end;
procedure TMainForm.cgDrawingColorsChange(Sender: TObject);
{ This method draws the rectangle representing fill and border colors
to indicate the users selection of both colors. pnlFgBgInner and
pnlFgBgBorder are TPanels arranged one on to of the other for the
desired effect }
begin
pnlFgBgBorder.Color := cgDrawingColors.ForeGroundColor;
pnlFgBgInner.Color := cgDrawingColors.BackGroundColor;
SetDrawingStyle;
end;
procedure TMainForm.SetDrawingStyle; 8
{ This method sets the various drawing styles based on the selections
on the pnlFillStyle TPanel for Fill and Border styles } 3
begin 8
with imgDrawingPad do S
begin <
if DrawType = dtClipRect then §
begin [}

Canvas.Pen.Style := psDot;

Canvas.Brush.Style := bsClear;

Canvas.Pen.Color := clBlack;
end

else if FillSelected then
Canvas.Brush.Style := bsSolid
else
Canvas.Brush.Style := bsClear;

if BorderSelected then
Canvas.Pen.Style := psSolid
else
Canvas.Pen.Style := psClear;

if FillSelected and (DrawType <> dtClipRect) then
Canvas.Brush.Color := pnlFgBgInner.Color;

continues

SOIHdVYYE)



Advanced Techniques

334

PART Il

LisTING 8.7 Continued

if DrawType <> dtClipRect then
Canvas.Pen.Color := pnlFgBgBorder.Color;
end;
end;

procedure TMainForm.mmiExitClick(Sender: TObject);
begin

Close; // Terminate application
end;

procedure TMainForm.mmiSaveFileClick(Sender: TObject);
{ This method saves the image to the file specified by FileName. If
FileName is blank, however, SaveAs1Click is called to get a filename.}

begin
if FileName = '' then
mmiSaveAsClick(nil)
else begin

imgDrawingPad.Picture.SaveToFile(FileName);
stbMain.Panels[0@].Text := FileName;
Modified := False;
end;
end;

procedure TMainForm.mmiSaveAsClick(Sender: TObject);
{ This method launches SaveDialog to get a file name to which
the image's contents will be saved. }
begin
if SaveDialog.Execute then
begin
FileName := SaveDialog.FileName; // Store the filename
mmiSaveFileClick(nil)
end;
end;

procedure TMainForm.FormCloseQuery(Sender: TObject;
var CanClose: Boolean);

{ If the user attempts to close the form before saving the image, they
are prompted to do so in this method. }

var
Rslt: Word;
begin
CanClose := False; // Assume fail.

if Modified then begin
Rslt := MessageDlg('File has changed, save?',
mtConfirmation, mbYesNOCancel, 0);



Graphics Programming with GDI and Fonts

CHAPTER 8

case Rslt of
mrYes: mmiSaveFileClick(nil);

mrNo: ; // no need to do anything.
mrCancel: Exit;
end
end;
CanClose := True; // Allow use to close application

end;

procedure TMainForm.mmiNewFileClick(Sender: TObject);

{ This method erases any drawing on the main image after prompting the
user to save it to a file in which case the mmiSaveFileClick event handler
is called. }

var
Rslt: Word;

begin
if Modified then begin

Rslt := MessageDlg('File has changed, save?', mtConfirmation,

mbYesNOCancel, 0);

case Rslt of
mrYes: mmiSaveFileClick(nil);

mrNo: ; // no need to do anything.
mrCancel: Exit;
end

end;

with imgDrawingPad.Canvas do begin
Brush.Style := bsSolid;

Brush.Color := clWhite; // clWhite erases the image
FillRect(ClipRect); // Erase the image
FileName := '';
stbMain.Panels[Q].Text := FileName;
end;
SetDrawingStyle; // Restore the previous drawing style
Modified := False;

end;

procedure TMainForm.mmiOpenFileClick(Sender: TObject);

{ This method opens a bitmap file specified by OpenDialog.FileName. If
a file was already created, the user is prompted to save
the file in which case the mmiSaveFileClick event is called. }

var
Rslt: Word;

begin

if OpenDialog.Execute then

continues
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begin

if Modified then begin
Rslt := MessageDlg('File has changed, save?',
mtConfirmation, mbYesNOCancel, 0);
case Rslt of
mrYes: mmiSaveFileClick(nil);

mrNo: ; // no need to do anything.
mrCancel: Exit;
end

end;

imgDrawingPad.Picture.LoadFromFile (OpenDialog.FileName);
FileName := OpenDialog.FileName;
stbMain.Panels[0Q].Text := FileName;
Modified := false;
end;

end;

procedure TMainForm.mmiEditClick(Sender: TObject);

{ The timer is used to determine if an area on the main image 1is
surrounded by a bounding rectangle. If so, then the Copy and Cut
menu items are enabled. Otherwise, they are disabled. }

var
IsRect: Boolean;

begin
IsRect := (MouseOrg.X <> NextPoint.X) and (MouseOrg.Y <> NextPoint.Y);
if (DrawType = dtClipRect) and IsRect then

begin
mmiCut.Enabled := True;
mmiCopy.Enabled := True;
end
else begin

mmiCut.Enabled := False;
mmiCopy.Enabled := False;
end;
end;

procedure TMainForm.CopyCut(Cut: Boolean);

{ This method copies a portion of the main image to the clipboard.
The portion copied is specified by a bounding rectangle
on the main image. If Cut is true, the area in the bounding rectangle
is erased. }

var



Graphics Programming with GDI and Fonts 337

CHAPTER 8

CopyBitMap: TBitmap;
DestRect, SrcRect: TRect;
0ldBrushColor: TColor;
begin
CopyBitMap := TBitMap.Create;
try
{ Set CopyBitmap's size based on the coordinates of the
bounding rectangle }
CopyBitMap.Width := Abs(NextPoint.X - MouseOrg.X);
CopyBitMap.Height := Abs(NextPoint.Y - MouseOrg.Y);
DestRect := Rect(@, 0, CopyBitMap.Width, CopyBitmap.Height);
SrcRect := Rect(Min(MouseOrg.X, NextPoint.X)+1,
Min(MouseOrg.Y, NextPoint.Y)+1,
Max (MouseOrg.X, NextPoint.X)-1,
Max (MouseOrg.Y, NextPoint.Y)-1);
{ Copy the portion of the main image surrounded by the bounding
rectangle to the Windows clipboard }
CopyBitMap.Canvas.CopyRect (DestRect, imgDrawingPad.Canvas, SrcRect);
{ Previous versions of Delphi required the bitmap's Handle property
to be touched for the bitmap to be made available. This was due to
Delphi's caching of bitmapped images. The step below may not be
required. }
CopyBitMap.Handle;
// Assign the image to the clipboard.
ClipBoard.Assign(CopyBitMap);
{ If cut was specified the erase the portion of the main image
surrounded by the bounding Rectangle }
if Cut then
with imgDrawingPad.Canvas do
begin
0ldBrushColor := Brush.Color;
Brush.Color := clWhite;
try
FillRect (SrcRect);
finally
Brush.Color := 0ldBrushColor;
end;
end;
finally
CopyBitMap.Free;
end;
end;
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procedure TMainForm.mmiCutClick(Sender: TObject);
begin
CopyCut(True);

continues
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end;

procedure TMainForm.mmiCopyClick(Sender: TObject);
begin

CopyCut (False);
end;

procedure TMainForm.mmiPasteClick(Sender: TObject);

{ This method pastes the data contained in the clipboard to the
paste bitmap. The reason it is pasted to the PasteBitmap, an off-

image elsewhere on to the main image. This is done by having the pbPasteBox,
a TPaintBox component, draw the contents of PasteImage. When the
user if done positioning the pbPasteBox, the contents of TPasteBitmap
is drawn to imgDrawingPad at the location specified by pbPasteBox's
location.}

begin
{ Clear the bounding rectangle }

pbPasteBox.Enabled := True;

if DrawType = dtClipRect then

begin
DrawToImage (MouseOrg, NextPoint, pmNotXOR);
EraseClipRect := False;

end;

PasteBitmap.Assign(ClipBoard); // Grab the data from the clipboard
Pasted := True;

// Set position of pasted image to top left

pbPasteBox.Left := 0;

pbPasteBox.Top := 0;

/] Set the size of pbPasteBox to match the size of PasteBitmap
pbPasteBox.Width := PasteBitmap.Width;

pbPasteBox.Height := PasteBitmap.Height;

pbPasteBox.Visible := True;
pbPasteBox.Invalidate;
end;

procedure TMainForm.pbPasteBoxMouseDown(Sender: TObject;
Button: TMouseButton; Shift: TShiftState; X, Y: Integer);

{ This method set's up pbPasteBox, a TPaintBox for being moved by the
user when the left mouse button is held down }

begin
if Button = mbLeft then
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begin
PBoxMoving := True;
Screen.Cursor := crMove;
PBoxMouseOrg := Point (X, Y);

end

else
PBoxMoving := False;

end;

procedure TMainForm.pbPasteBoxMouseMove (Sender: TObject; Shift: TShiftState;
X, Y: Integer);

{ This method moves pbPasteBox if the PBoxMoving flag is true indicating
that the user is holding down the left mouse button and is dragging
PaintBox }

begin
if PBoxMoving then
begin

pbPasteBox.Left := pbPasteBox.Left + (X - PBoxMouseOrg.X);
pbPasteBox.Top := pbPasteBox.Top + (Y - PBoxMouseOrg.Y);
end;

end;

procedure TMainForm.pbPasteBoxMouseUp(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

begin

{ This method disables moving of pbPasteBox when the user lifts the left
mouse button }
if PBoxMoving then

begin
PBoxMoving := False;
Screen.Cursor := crDefault;
end;
pbPasteBox.Refresh; // Redraw the pbPasteBox.
end;

procedure TMainForm.pbPasteBoxPaint(Sender: TObject);

{ The paintbox is drawn whenever the user selects the Paste option
form the menu. pbPasteBox draws the contents of PasteBitmap which
holds the image gotten from the clipboard. The reason for drawing
PasteBitmap's contents in pbPasteBox, a TPaintBox class, is so that
the user can also move the object around on top of the main image.
In other words, pbPasteBox can be moved, and hidden when necessary. }

var
DestRect, SrcRect: TRect;

begin
// Display the paintbox only if a pasting operation occurred.

continues
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if Pasted then
begin
{ First paint the contents of PasteBitmap using canvas's CopyRect
but only if the paintbox is not being moved. This reduces
flicker }
if not PBoxMoving then
begin
DestRect := Rect(@, 0, pbPasteBox.Width, pbPasteBox.Height);
SrcRect := Rect(0, 0, PasteBitmap.Width, PasteBitmap.Height);
pbPasteBox.Canvas.CopyRect (DestRect, PasteBitmap.Canvas, SrcRect);
end;
{ Now copy a bounding rectangle to indicate that pbPasteBox is
a moveable object. We use a pen mode of pmNotXOR because we
must erase this rectangle when the user copies PaintBox's
contents to the main image and we must preserve the original
contents. }
pbPasteBox.Canvas.Pen.Mode := pmNotXOR;
pbPasteBox.Canvas.Pen.Style := psDot;
pbPasteBox.Canvas.Brush.Style := bsClear;
pbPasteBox.Canvas.Rectangle (@, 0, pbPasteBox.Width,
pbPasteBox.Height) ;
end;
end;

procedure TMainForm.FormDestroy(Sender: TObject);
begin
// Remove the form from the clipboard chain
ChangeClipBoardChain(Handle, 0ldClipViewHwnd);
PasteBitmap.Free; // Free the PasteBitmap instance
end;

procedure TMainForm.RgGrpFillOptionsClick(Sender: TObject);
begin
FillSelected := RgGrpFillOptions.ItemIndex = 0;
BorderSelected := cbxBorder.Checked;
SetDrawingStyle;
end;

end.

How the Paint Program Works

The paint program is actually quite a bit of code. Because it would be difficult to explain how
it works outside of the code, we’ve added ample comments to the source. We’ll describe the
general functionality of the paint program here. The main form is shown in Figure 8.18.
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FIGURE 8.18

The main form for the paint program.

NoTE

Notice that a TImage component is used as a drawing surface for the paint program.
Keep in mind that this can only be the case if the image uses a TBitmap object.

The main form contains a main image component, imgDrawingPad, which is placed on a
TScrollBox component. imgDrawingPad is where the user performs drawing. The selected
speed button on the form’s toolbar specifies the type of drawing that the user performs.

The user can draw lines, rectangles, ellipses, and rounded rectangles as well as perform free-
form drawing. Additionally, a portion of the main image can be selected and copied to the
Windows Clipboard so that it can be pasted into another application that can handle bitmap
data. Likewise, the paint program can accept bitmap data from the Windows Clipboard.

TPanel Techniques
The fill style and border type are specified by the Fill Options radio group. The fill and border
colors are set using the color grid in the ColorPanel shown in Figure 8.18.

Clipboard Pasting of Bitmap Data

To paste data from the Clipboard, you use an offscreen bitmap, PasteBitMap, to hold the
pasted data. A TPaintBox component, pbPasteBox, then draws the data from PasteBitMap.
The reason for using a TPaintBox component for drawing the contents of PasteBitMap is so
the user can move pbPasteBox to any location on the main image to designate where the
pasted data is to be copied to the main image.

341

DNINWV¥D0Y4 |OQ

SOIHdVYD)



342

Advanced Techniques

PART Il

Attaching to the Win32 Clipboard Viewer Chain

Another technique shown by the paint program is how an application can attach itself to the
Win32 Clipboard viewer chain. This is done in the FormCreate () method by the call to the
Win32 API function SetClipboardViewer (). This function takes the handle of the window
attaching itself to the chain and returns the handle to the next window in the chain. The return
value must be stored so that when the application shuts down, it can restore the previous state
of the chain using ChangeClipboardChain(), which takes the handle being removed and the
saved handle. The paint program restores the chain in the main form’s FormDestroy () method.
When an application is attached to the Clipboard viewer chain, it receives the WM_DRAWCLIP -
BOARD messages whenever the data on the Clipboard is modified. You take advantage of this by
capturing this message and enabling the Paste menu item if the changed data in the Clipboard
is bitmap data. This is done in the WiDrawClipBoard () method.

Bitmap Copying

Bitmap copy operations are performed in the CopyCut (), pbPasteBoxPaint(), and
CopyPasteBoxToImage () methods. The CopyCut () method copies a portion of the main image
selected by a bounding rectangle to the Clipboard and then erases the bounded area if the Cut
parameter passed to it is True. Otherwise, it leaves the area intact.

PbPasteBoxPaint () copies the contents of the offscreen bitmap to pbPasteBox.Canvas but
only when pbPasteBox is not being moved. This helps reduce flicker as the user moves
pbPasteBox.

CopyPasteBoxToImage () copies the contents of the offscreen bitmap to the main image
imgDrawingPad at the location specified by pbPasteBox.

Paint Program Comments

As mentioned earlier, much of the functionality of the paint program is documented in the
code’s commentary. It would be a good idea to read through the source and comments and step
through the code so that you can gain a good understanding of what’s happening in the pro-
gram.

Performing Animation with Graphics Programming

This section demonstrates how you can achieve simple sprite animation by mixing Delphi 5
classes with Win32 GDI functions. The animation project resides on the CD as Animate.dpr.
Listing 8.8 shows the main form, which contains the main form functionality.

LisTiING 8.8 The Animation Project’s Main Form

unit MainFrm;

interface
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SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, Menus, Stdctrls, AppEvnts;

{$R SPRITES.RES } // Link in the bitmaps

type

TSprite = class

private

FWidth: integer;
FHeight: integer;
FLeft: integer;
FTop: integer;

FAndImage,

public

FOrImage: TBitMap;

property Top: Integer read FTop write FTop;
property Left: Integer read FLeft write FLeft;
property Width: Integer read FWidth write FWidth;

property Height:

constructor Create;
destructor Destroy; override;

end;

TMainForm =

class(TForm)

mmMain: TMainMenu;
mmiFile: TMenultem;

mmiSlower:
mmiFaster:

TMenuItem;
TMenuItem;

N1: TMenultem;
mmiExit: TMenuItem;

appevMain:

procedure
procedure
procedure
procedure
procedure
procedure
procedure
private
BackGnd1,

TApplicationEvents;
FormCreate(Sender: TObject);
FormPaint (Sender: TObject);
FormDestroy(Sender: TObject);
mmiExitClick (Sender: TObject);
mmiSlowerClick(Sender: TObject);
mmiFasterClick(Sender: TObject);

appevMainIdle(Sender: TObject; var Done:

BackGnd2: TBitMap;

Sprite: TSprite;
GoLeft,GoRight,GoUp,GoDown: boolean;
FSpeed, FSpeedIndicator: Integer;

procedure
end;

DrawSprite;

Integer read FHeight write FHeight;

Boolean);

continues
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const
BackGround = 'BACK2.BMP';

var
MainForm: TMainForm;

implementation
{$R *.DFM}

constructor TSprite.Create;
begin
inherited Create;
{ Create the bitmaps to hold the sprite images that will
be used for performing the AND/OR operation to create animation }
FAndImage := TBitMap.Create;
FAndImage.LoadFromResourceName(hInstance, 'AND');

FOrImage := TBitMap.Create;
FOrImage.LoadFromResourceName (hInstance, 'OR');

Left := 0;

Top := 0;

Height := FAndImage.Height;
Width := FAndImage.Width;

end;

destructor TSprite.Destroy;
begin
FAndImage.Free;
FOrImage.Free;
end;

procedure TMainForm.FormCreate(Sender: TObject);
begin
// Create the original background image
BackGnd1 := TBitMap.Create;
with BackGnd1 do

begin
LoadFromResourceName (hInstance, 'BACK');
Parent := nil;

SetBounds (@, @, Width, Height);
end;
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// Create a copy of the background image
BackGnd2 := TBitMap.Create;
BackGnd2.Assign(BackGnd1);

// Create a sprite image
Sprite := TSprite.Create;

// Initialize the direction variables
GoRight := true;

GoDown := true;

GoLeft := false;

GoUp := false;

FSpeed := 0;
FSpeedIndicator := 0;

{ Set the application's OnIdle event to MyIdleEvent which will start
the sprite moving }

// Adjust the form's client width/height
ClientWidth := BackGndi1.Width;
ClientHeight := BackGnd1.Height;

end;
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procedure TMainForm.FormDestroy(Sender: TObject);
begin
// Free all objects created in the form's create constructor
BackGnd1.Free;
BackGnd2.Free;
Sprite.Free;
end;

procedure TMainForm.DrawSprite;
var

O0ldBounds: TRect;
begin

// Save the sprite's bounds in 0ldBounds
with OldBounds do
begin

Left := Sprite.Left;

Top := Sprite.Top;

Right := Sprite.Width;

continues
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Bottom := Sprite.Height;
end;

{ Now change the sprites bounds so that it moves in one direction
or changes direction when it comes in contact with the form's
boundaries }

with Sprite do

begin
if GoLeft then

if Left > 0 then
Left := Left - 1
else begin
GoLeft := false;
GoRight := true;
end;

if GoDown then
if (Top + Height) < self.ClientHeight then
Top := Top + 1

else begin
GoDown := false;
GoUp := true;
end;

if GoUp then
if Top > 0 then
Top := Top - 1

else begin
GoUp := false;
GoDown := true;
end;

if GoRight then

if (Left + Width) < self.ClientWidth then
Left := Left + 1

else begin
GoRight := false;
GoLeft := true;

end;

end;

{ Erase the original drawing of the sprite on BackGnd2 by copying
a rectangle from BackGndi1 }
with OldBounds do
BitBlt(BackGnd2.Canvas.Handle, Left, Top, Right, Bottom,
BackGnd1.Canvas.Handle, Left, Top, SrcCopy);
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{ Now draw the sprite onto the off-screen bitmap. By performing the
drawing in an off-screen bitmap, the flicker is eliminated. }
with Sprite do
begin
{ Now create a black hole where the sprite first existed by And-ing
the FAndImage onto BackGnd2 }
BitBlt(BackGnd2.Canvas.Handle, Left, Top, Width, Height,
FAndImage.Canvas.Handle, @, @, SrcAnd);
// Now fill in the black hole with the sprites original colors
BitBlt(BackGnd2.Canvas.Handle, Left, Top, Width, Height,
FOrImage.Canvas.Handle, @, 0, SrcPaint);
end;

{ Copy the sprite at its new location to the form's Canvas. A
rectangle slightly larger than the sprite is needed
to effectively erase the sprite by over-writing it, and draw the
new sprite at the new location with a single BitBlt call }
with OldBounds do
BitBlt(Canvas.Handle, Left - 2, Top - 2, Right + 2, Bottom + 2,
BackGnd2.Canvas.Handle, Left - 2, Top - 2, SrcCopy);

end;

procedure TMainForm.FormPaint(Sender: TObject);
begin
// Draw the background image whenever the form gets painted
BitBlt(Canvas.Handle, @0, 0, ClientWidth, ClientHeight,
BackGnd1.Canvas.Handle, 0, @, SrcCopy);
end;

procedure TMainForm.mmiExitClick(Sender: TObject);
begin

Close;
end;

procedure TMainForm.mmiSlowerClick(Sender: TObject);
begin

Inc(FSpeedIndicator, 100);
end;

procedure TMainForm.mmiFasterClick(Sender: TObject);
begin
if FSpeedIndicator >= 100 then
Dec (FSpeedIndicator, 100)
else
FSpeedIndicator := 0;

continues
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end;

procedure TMainForm.appevMainIdle(Sender: TObject; var Done: Boolean);
begin
if FSpeed >= FSpeedIndicator then
begin
DrawSprite;
FSpeed := 0;
end
else
inc(FSpeed);

Done := False;
end;

end.

The animation project consists of a background image on which a sprite, a flying saucer, is
drawn and moved about the background’s client area. The background is represented by a
bitmap consisting of scattered stars (see Figure 8.19).

4 Resource Workshop - sprites.res
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FIGURE 8.19

The background of the animation project.
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The sprite is made up of two 64x32 bitmaps. More on these bitmaps later; for now, we’ll dis-
cuss what goes on in the source code.

The unit defines a TSprite class. TSprite contains the fields that hold the sprite’s location on
the background image and two TBitmap objects to hold each of the sprite bitmaps. The
TSprite.Create constructor creates both TBitmap instances and loads them with the actual
bitmaps. Both the sprite bitmaps and the background bitmap are kept in a resource file that you
link to the project by including the following statement in the main unit:

{$R SPRITES.RES }

After the bitmap is loaded, the sprite’s boundaries are set. The TSprite.Done destructor frees
both bitmap instances.

The main form contains two TBitmap objects, a TSprite object, and direction indicators to
specify the direction of the sprite’s motion. Additionally, the main form defines another
method, DrawSprite (), which has the sprite-drawing functionality. The TApplicationEvents
component is a new Delphi 5 component that allows you to hook into the Application-level
events. Prior to Delphi 5, you had to do this by adding Application-level events at runtime.
Now, with this component, you can do all event management for TApplication at design time.
We will use this component to provide an Onldle event for the TApplication object.

Note that two private variables are used to control the speed of the animation: FSpeed and
FSpeedIndicator. These are used in the DrawSprite () method for slowing down the anima-
tion on faster machines.

The FormCreate () event handler creates both TBitmap instances and loads each with the same
background bitmap. (The reason you use two bitmaps will be discussed in a moment.) It then
creates a TSprite instance, and sets the direction indicators. Finally FormCreate () resizes the
form to the background image’s size.

The FormPaint () method paints the BackGnd1 to its canvas, and the FormDestroy () frees the
TBitmap and TSprite instances.

The appevMainIdle() method calls DrawSprite (), which moves and draws the sprite on the
background. The bulk of the work is done in the DrawSprite () method.appevMainIdle () will
be invoked whenever the application is in an idle state. That is, whenever there are no actions
from the user for the application to respond to.

The DrawSprite () method repositions the sprite on the background image. A series of steps is
required to erase the old sprite on the background and then draw it at its new location while
preserving the background colors around the actual sprite image. Additionally, DrawSprite ()
must perform these steps without producing flickering while the sprite is moving.

To accomplish this, drawing is performed on the offscreen bitmap, BackGnd2. BackGnd2 and
BackGnd1 are exact copies of the background image. However, BackGnd1 is never modified, so
it’s a clean copy of the background. When drawing is complete on BackGnd2, the modified area
of BackGnd2 is copied to the form’s canvas. This allows for only one BitB1lt () operation to the
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form’s canvas to both erase and draw the sprite at its new location. The drawing operations per-
formed on BackGnd2 are as follows.

First, a rectangular region is copied from BackGnd1 to BackGnd2 over the area occupied by the
sprite. This effectively erases the sprite from BackGnd2. Then the FAndImage bitmap is copied
to BackGnd2 at its new location using the bitwise AND operation. This effectively creates a black
hole in BackGnd2 where the sprite exists and still preserves the colors on BackGnd2 surrounding
the sprite. Figure 8.20 shows FAndImage.

In Figure 8.20, the sprite is represented by black pixels, and the rest of the image surrounding it
consists of white pixels. The color black has a value of @, and the color white has the value of 1.
Tables 8.5, and 8.6 show the results of performing the AND operation with black and white colors.

TaBLE 8.5 AND Operation with Black Color

Background Value Color
BackGnd2 1001 Some color
FAndImage 0000 Black
Result 0000 Black

TABLE 8.6 AND Operation with White Color<$AND operation; with white color>

Background Value Color
BackGnd2 1001 Some color
FAndImage 1111 White
Result 1001 Some color

These tables show how performing the AND operation results in blacking out the area where the
sprite exists on BackGnd2. In Table 8.5, value represents a pixel color. If a pixel on BackGnd2
contains some arbitrary color, combining this color with the color black using the AND operator
results in that pixel becoming black. Combining this color with the color white using the AND
operator results in the color being the same as the arbitrary color, as shown in Table 8.6.
Because the color surrounding the sprite in FAndImage is white, the pixels on BackGnd2 where
this portion of FAndImage is copied retain their colors.

After copying FAndImage to BackGnd2, FOrImage must be copied to the same location on
BackGnd2 to fill in the black hole created by FAndImage with the actual sprite colors. FOrImage
also has a rectangle surrounding the actual sprite image. Again, you’re faced with getting the
sprite colors to BackGnd2 while preserving BackGnd2’s colors surrounding the sprite. This is
accomplished by combining FOrImage with BackGnd2 using the OR operation. FOrImage is
shown in Figure 8.21.
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FAndImage for a sprite.
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FIGURE 8.21
FOrImage.

Notice that the area surrounding the sprite image is black. Table 8.7 shows the results of per-
forming the OR operation on FOrImage and BackGnd2.
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TABLE 8.7 An OR Operation with the Color Black

Background Value Color
BackGnd2 1001 Some color
FAndImage 0000 Black
Result 1001 Black

Table 8.7 shows that if BackGnd2 contains an arbitrary color, using the OR operation to combine
it with black will result in BackGnd2’s color.

Recall that all this drawing is performed on the offscreen bitmap. When the drawing is com-
plete, a single BitB1lt () is made to the form’s canvas to erase and copy the sprite.

The technique shown here is a fairly common method for performing animation. You might con-
sider extending the functionality of the TSprite class to move and draw itself on a parent canvas.

Advanced Fonts

Although the VCL enables you to manipulate fonts with relative ease, it doesn’t provide the
vast font-rendering capabilities provided by the Win32 API. This section gives you a back-
ground on Win32 fonts and shows you how to manipulate them.

Types of Win32 Fonts

There are basically two types of fonts in Win32: GDI fonts and device fonts. GDI fonts are
stored in font resource files and have an extension of .fon (for raster and vector fonts) or .tot
and .ttf (for TrueType fonts). Device fonts are specific to a particular device, such as a
printer. Unlike with the GDI fonts, when Win32 uses a device font for printing text, it only
needs to send the ASCII character to the device, and the device takes care of printing the char-
acter in the specified font. Otherwise, Win32 converts the font to a bitmap or performs the GDI
function to draw the font. Drawing the font using bitmaps or GDI functions generally takes
longer, as is the case with GDI fonts. Although device fonts are faster, they are device-specific
and often very limiting in what fonts a particular device supports.

Basic Font Elements

Before you learn how to use the various fonts in Win32, you should know the various terms
and elements associated with Win32 fonts.

A Font’'s Typeface, Family, and Measurements
Think of a font as just a picture or glyph representing a character. Each character has two char-
acteristics: a typeface and a size.

In Win32, a font’s typeface refers to the font’s style and its size. Probably the best definition of
typeface and how it relates to a font is in the Win32 help file. This definition says, “A typeface
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is a collection of characters that share design characteristics; for example, Courier is a common
typeface. A font is a collection of characters that have the same typeface and size.”

Win32 categorizes these different typefaces into five font families: Decorative, Modern,
Roman, Script, and Swiss. The distinguishing font features in these families are the font’s ser-
ifs and stroke widths.

A serif is a small line at the beginning or end of a font’s main strokes that give the font a fin-
ished appearance. A stroke is the primary line that makes up the font. Figure 8.22 illustrates
these two features.

Serif

Stroke

FIGURE 8.22

Serifs and strokes.

Some of the typical fonts you’ll find in the different font families are listed in Table 8.8.

TABLE 8.8 Font Families and Typical Fonts

Font Family Typical Fonts
Decorative Novelty fonts: Old English
Modern Fonts with constant strike widths that may or may not have serifs: Pica,

Elite, and Courier New

Roman Fonts with variable stroke widths and serifs: Times New Roman and New
Century SchoolBook

Script Fonts that look like handwriting: Script and Cursive

Swiss Fonts with variable stroke widths without serifs: Arial and Helvetica

A font’s size is represented in points (a point is /72 of an inch). A font’s height consists of its
ascender and descender. The ascender and descender are represented by the tmAscent and
tmDescent values as shown in Figure 8.23. Figure 8.23 shows other values essential to the
character measurement as well.

Characters reside in a character cell, an area surrounding the character that consists of white
space. When referring to character measurements, keep in mind that the measurement may
include both the character glyph (the character’s visible portion) and the character cell. Others
may refer to only one or the other.

Table 8.9 explains the meaning of the various character measurements.
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Character measurement values.
TaBLE 8.9 Character Measurements
Measurement Meaning
External leading The space between text lines
Internal leading The difference between the character’s glyph height and the font’s cell height
Ascent Measurement from the baseline to the top of the character cell
Descent Measurement from the baseline to the bottom of the character cell
Point size The character height minus tmInternallLeading
Height The sum of ascent, descent, and internal leading
Baseline The line on which characters sit

GDI Font Categories

There are essentially three separate categories of GDI fonts: raster fonts, vector fonts (also
referred to as stroke fonts), and TrueType fonts. The first two existed in older versions of
Win32, whereas the latter was introduced in Windows 3.1.

Raster Fonts Explained

Raster fonts are basically bitmaps provided for a specific resolution or aspect ratio (ratio of the
pixel height and width of a given device) and font size. Because these fonts are provided in
specific sizes, Win32 can synthesize the font to generate a new font in the requested size, but it
can do so only to produce a larger font from a smaller font. The reverse is not possible because
the technique Win32 uses to synthesize the fonts is to duplicate the rows and columns that
make up the original font bitmap. Raster fonts are convenient when the size requested is avail-
able. They’re fast to display and look good when used at the intended size. The disadvantage is
that they tend to look a bit sloppy when scaled to larger sizes, as shown in Figure 8.24, which
displays the Win32 System font.
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FIGURE 8.24

A raster font.

Vector Fonts Explained

Vector fonts are generated by Win32 with a series of lines created by GDI functions as opposed
to bitmaps. These fonts offer better scalability than do raster fonts, but they have a much lower
density when displayed, which may or may not be desired. Also, the performance of vector fonts
is slow compared to raster fonts. Vector fonts lend themselves best to use with plotters but aren’t
recommended for designing appealing user interfaces. Figure 8.25 shows a typical vector font.

FIGURE 8.25

A vector font.

TrueType Fonts Explained

TrueType fonts are probably the most preferred of the three font types. The advantage to using
TrueType fonts is that they can represent virtually any style of font in any size and look pleas-
ing to the eye. Win32 displays TrueType fonts by using a collection of points and hints that
describe the font outline. Hints are simply algorithms to distort a scaled font’s outline to
improve its appearance at different resolutions. Figure 8.26 shows a TrueType font.

FIGURE 8.26
A TrueType font.
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Displaying Different Font Types

So far, we’ve given you the general concepts surrounding Window’s font technology. If you’re
interested in getting down to the many nuts and bolts of fonts, take a look at the Win32 online
help file on “Fonts Overview,” which provides you with a vast amount of information on the
topic. Now, you’ll learn how to use the Win32 API and Win32 structures to create and display
fonts of any shape and size.

A Font-Creation Sample Project

The example to follow illustrates the process of instantiating different font types in Windows.
The project also illustrates how to obtain information about a rendered font. This project is
located in on the CD as MakeFont.dpr.

How the Project Works

Through the main form, you select various font attributes to be used in creating the font. The
font then gets drawn to a TPaintBox component whenever you change the value of one of the
font’s attributes. (All components are attached to the FontChanged () event handler through
their OnChange or OnClick events.) You also can view information about a font by clicking the
Font Information button. Figure 8.27 shows the main form for this project. Listing 8.9 shows
the unit defining the main form.

elphi 5 Developer's Guide - Make Font Demo

Effects
I Italic

I~ Undetine

[~ Strke Out

FIGURE 8.27

The main form for the font-creation project.

LisTING 8.9 The Font-Creation Project

unit MainFrm;

interface
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uses
SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls, ExtCtrls, Mask, Spin;

const

// Array to represent the TLOGFONT.lfCharSet values
CharSetArray: array[0..4] of byte = (ANSI_CHARSET, DEFAULT_CHARSET,
SYMBOL_CHARSET, SHIFTJIS_CHARSET, OEM_CHARSET);

// Array to represent the TLOGFONT.lfWeight values

WeightArray: array[0..9] of integer =
(FW_DONTCARE, FW_THIN, FW_EXTRALIGHT, FW_LIGHT, FW_NORMAL, FW_MEDIUM,
FW_SEMIBOLD, FW_BOLD, FW_EXTRABOLD, FW_HEAVY);

// Array to represent the TLOGFONT.l1fOutPrecision values

OutPrecArray: array[0..7] of byte = (OUT_DEFAULT_PRECIS,
OUT_STRING_PRECIS, OUT_CHARACTER_PRECIS, OUT_STROKE_PRECIS,
OUT_TT_PRECIS, OUT_DEVICE_PRECIS, OUT_RASTER_PRECIS,
OUT_TT_ONLY_PRECIS);

// Array to represent the TLOGFONT.l1fPitchAndFamily higher four-bit

/] values

FamilyArray: array[0..5] of byte = (FF_DONTCARE, FF_ROMAN,
FF_SWISS, FF_MODERN, FF_SCRIPT, FF_DECORATIVE);

// Array to represent the TLOGFONT.lfPitchAndFamily lower two-bit values
PitchArray: array[0..2] of byte = (DEFAULT_PITCH, FIXED_PITCH,
VARIABLE_PITCH);

// Array to represent the TLOGFONT.lfClipPrecision values

ClipPrecArray: array[0..6] of byte = (CLIP_DEFAULT_PRECIS,
CLIP_CHARACTER_PRECIS, CLIP_STROKE_PRECIS, CLIP_MASK, CLIP_LH_ ANGLES,
CLIP_TT_ALWAYS, CLIP_EMBEDDED);

// Array to represent the TLOGFONT.lfQuality values
QualityArray: array[0..2] of byte = (DEFAULT_QUALITY, DRAFT_QUALITY,
PROOF_QUALITY);

type

TMainForm = class(TForm)
1blHeight: TLabel;
1blWidth: TLabel;
gbEffects: TGroupBox;
cbxItalic: TCheckBox;

C
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LisTING 8.9 Continued

cbxUnderline: TCheckBox;

cbxStrikeOut: TCheckBox;

cbWeight: TComboBox;

1blWeight: TLabel;

1blEscapement: TLabel;

cbEscapement: TComboBox;

pbxFont: TPaintBox;

cbCharSet: TComboBox;

1blCharSet: TLabel;

cbOutPrec: TComboBox;

1blOutPrecision: TLabel;

cbFontFace: TComboBox;

rgPitch: TRadioGroup;

cbFamily: TComboBox;

1blFamily: TLabel;

1blClipPrecision: TLabel;

cbClipPrec: TComboBox;

rgQuality: TRadioGroup;

btnSetDefaults: TButton;

btnFontInfo: TButton;

1blFaceName: TLabel;

rgGraphicsMode: TRadioGroup;

1blOrientation: TLabel;

cbOrientation: TComboBox;

seHeight: TSpinEdit;

seWidth: TSpinEdit;

procedure pbxFontPaint(Sender: TObject);
procedure FormActivate(Sender: TObject);
procedure btnFontInfoClick(Sender: TObject);
procedure btnSetDefaultsClick(Sender: TObject);
procedure rgGraphicsModeClick(Sender: TObject)
procedure cbEscapementChange(Sender: TObject);
procedure FontChanged(Sender: TObject);

3

private

{ Private declarations }
FLogFont: TLogFont;
FHFont: HFont;
procedure MakeFont;
procedure SetDefaults;

public

{ Public declarations }

end;

var
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MainForm: TMainForm;

implementation
uses FontInfoFrm;

{$R *.DFM}

procedure TMainForm.MakeFont;

begin

// Clear the contents of FLogFont
FillChar(FLogFont, sizeof(TLogFont), 0);
// Set the TLOGFONT's fields

with FLogFont do
begin
1fHeight
1fWwidth
1fEscapement

StrToInt(seHeight.Text);
StrToInt(seWidth.Text);

StrToInt(cbEscapement.Items[cbEscapement.ItemIndex]);

1fOrientation

StrToInt(chbOrientation.Items[cbOrientation.ItemIndex]);
WeightArray[cbWeight.ItemIndex];
ord(cbxItalic.Checked);
ord(cbxUnderLine.Checked) ;
ord(cbxStrikeOut.Checked);
CharSetArray[cbCharset.ItemIndex];
OutPrecArray[cbOutPrec.ItemIndex];
ClipPrecArray[cbClipPrec.ItemIndex];
QualityArray[rgQuality.ItemIndex];
PitchArray[rgPitch.ItemIndex] or
FamilyArray[cbFamily.ItemIndex];

1fWeight

1fItalic
1fUnderline
1fStrikeOut
1fCharSet
1fOutPrecision
1fClipPrecision
1fQuality
1fPitchAndFamily :

StrPCopy (1lfFaceName, cbFontFace.Items[cbFontFace.ItemIndex]);

end;

// Retrieve the requested font

FHFont := CreateFontIndirect(FLogFont);
// Assign to the Font.Handle
pbxFont.Font.Handle :

pbxFont.Refresh;
end;

FHFont;

procedure TMainForm.SetDefaults;

begin

// Set the various controls to default values for ALogFont

seHeight.Text
seWidth.Text
cbxItalic.Checked
cbxStrikeOut.Checked

0';
0 ;

false;
false;

CHAPTER 8
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cbxUnderline.Checked
cbWeight.ItemIndex
cbEscapement.ItemIndex
chOrientation.ItemIndex :
cbCharset.ItemIndex
cbOutPrec.Itemindex
cbFamily.ItemIndex
cbClipPrec.ItemIndex
rgPitch.ItemIndex
rgQuality.ItemIndex

// Fill CBFontFace TComboBox with the screen's fonts
cbFontFace.Items.Assign(Screen.Fonts);
cbFontFace.ItemIndex := cbFontFace.Items.IndexOf(Font.Name);

end;

procedure TMainForm.pbxFontPaint(Sender: TObject);

begin
with pbxFont do
begin

{ Note that in Windows 95, the graphics mode will always

be GM_COMPATIBLE as GM_ADVANCED is recognized only by Windows
case rgGraphicsMode.ItemIndex of

0: SetGraphicsMode (pbxFont.Canvas.Handle, GM_COMPATIBLE);

1: SetGraphicsMode (pbxFont.Canvas.Handle, GM_ADVANCED) ;

end;

Canvas.Rectangle(2, 2, Width-2, Height-2);

// Write the fonts name

Canvas.TextOut (Width div 2, Height div 2, CBFontFace.Text);

end;
end;

procedure TMainForm.FormActivate(Sender: TObject);

begin
SetDefaults;
MakeFont;
end;

procedure TMainForm.btnFontInfoClick(Sender: TObject);

begin
FontInfoForm.ShowModal;
end;

procedure TMainForm.btnSetDefaultsClick(Sender: TObject);

begin
SetDefaults;

—+
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MakeFont;
end;

procedure TMainForm.rgGraphicsModeClick(Sender: TObject);
begin
chOrientation.Enabled := rgGraphicsMode.ItemIndex = 1;
if not cbOrientation.Enabled then
cbOrientation.ItemIndex := cbEscapement.ItemIndex;
MakeFont;
end;

procedure TMainForm.cbEscapementChange(Sender: TObject);

begin
if not cbOrientation.Enabled then
chbOrientation.ItemIndex := cbEscapement.ItemIndex;
end;

procedure TMainForm.FontChanged(Sender: TObject);
begin

MakeFont;
end;

end.

In MAINFORM. PAS, you’ll see several array definitions that will be explained shortly. For now,
notice that the form has two private variables: FLogFont and FHFont. FLogFont is of type
TLOGFONT, a record structure used to describe the font to create. FHFont is the handle to the
font that gets created. The private method MakeFont () is where you create the font by first fill-
ing the FLogFont structure with values specified from the main form’s components and then
passing that structure to CreateFontIndirect(), a Win32 GDI function that returns a font
handle to the new font. Before you go on, however, you need to understand the TLOGFONT
structure.

The TLOGFONT Structure

As stated earlier, you use the TLOGFONT structure to define the font you want to create. This
structure is defined in the WINDOWS unit as follows:

TLogFont = record
1fHeight: Integer;
1fWidth: Integer;
1fEscapement: Integer;
1fOrientation: Integer;
1fWeight: Integer;
1fItalic: Byte;
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1fUnderline: Byte;
1fStrikeOut: Byte;
1fCharSet: Byte;
1fOutPrecision: Byte;

1fClipPrecision: Byte;

1fQuality: Byte;

1fPitchAndFamily: Byte;

1fFaceName: array[0..1f_FaceSize - 1] of Char;

end;

You place values in the TLOGFONT’s fields that specify the attributes you want your font to have.
Each field represents a different type of attribute. By default, most of the fields can be set to
zero, which is what the Set Defaults button on the main form does. In this instance, Win32
chooses the attributes for the font and returns whatever it pleases. The general rule is this: The
more fields you fill in, the more you can fine-tune your font style. The following list explains
what each TLOGFONT field represents. Some of the fields may be assigned constant values that
are predefined in the WINDOWS unit. Refer to Win32 help for a detailed description of these val-
ues; we show you only the most commonly used ones here:

Field Value

Description

1fHeight

1fwidth

1fEscapement

1fOrientation

The font height. A value greater than zero indicates a cell height.
A value less than zero indicates the glyph height (the cell height
minus the internal leading). Set this field to zero to let Win32
decide a height for you.

The average font width. Set this field to zero to let Win32 choose
a font width for you.

The angle (in tenths of degrees) of rotation of the font’s baseline
(the line along which characters are drawn). In Windows 95/98,
the text string and individual characters are drawn using the same
angle. That is, 1fEscapement and 1fOrientation are the same.
In Windows NT, text is drawn independently of the orientation
angle of each character in the text string. To achieve the latter,
you must set the graphics mode for the device to GM_ADVANCED
using the SetGraphicsMode () Win32 GDI function. By default,
the graphics mode is GM_COMPATIBLE, which makes the Windows
NT behavior like Windows 95. This font-rotation effect is only
available with TrueType fonts.

Enables you to specify an angle at which to draw individual char-
acters. In Windows 95/98, this has the same value as
1fEscapement. In Windows NT, the values may be different. (See
1fEscapement.)
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1fWeight This affects the font density. The WINDOWS unit defines several
constants for this field, such as FW_BOLD and FW_NORMAL. Set this
field to FW_DONTCARE to let Win32 choose a weight for you.

1fItalic Nonzero means italic; zero means nonitalic.

1fUnderline Nonzero means underlined; zero means not underlined.

1fStrikeOut Nonzero means that a line gets drawn through the font, whereas a
value of zero does not draw a line through the font.

1fCharSet Win32 defines the character sets: ANSI_CHARSET=0,

DEFAULT_CHARSET=1, SYMBOL_CHARSET=2,
SHIFTJIS CHARSET=128, and OEM_CHARSET = 255. Use the
DEFAULT_CHARSET by default.

1fOutPrecision Specifies how Win32 should match the requested font’s size and
characteristics to an actual font. Use TT_ONLY_PRECIS to specify
only TrueType fonts. Other types are defined in the WINDOWS unit.

1fClipPrecision Specifies how Win32 clips characters outside a clipping region.
Use CLIP_DEFAULT_PRECIS to let Win32 choose.

1fQuality Defines the font’s output quality as GDI will draw it. Use
DEFAULT_QUALITY to let Win32 decide, or you may specify
PROOF_QUALITY or DRAFT_QUALITY.

1fPitchAndFamily Defines the font’s pitch in the two low-order bits. Specifies the
family in the higher four high-order bits. Table 8.8 displays these
families.

1fFaceName The typeface name of the font.

The MakeFont () procedure uses the values defined in the constant section of MainForm.pas.
These array constants contain the various predefined constant values for the TLOGFONT struc-
ture. These values are placed in the same order as the choices in the main form’s TComboBox
components. For example, the choices for the font family in the CBFamily combo box are in
the same order as the values in FamilyArray. We used this technique to reduce the code
required to fill in the TLOGFONT structure. The first line in the MakeFont () function

fillChar(FLogFont, sizeof(TLogFont), 0);
clears the FLogFont structure before any values are set. When FLogFont has been set, the line
FHFont := CreateFontIndirect(FLogFont);

calls the Win32 API function CreateFontIndirect (), which accepts the TLOGFONT structure as
a parameter and returns a handle to the requested font. This handle is then set to the
TPaintBox.Font’s handle property. Delphi 5 takes care of destroying the TPaintBox’s previous
font before making the assignment. After the assignment is made, you redraw pbxFont by call-
ing its Refresh () method.
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The SetDefaults() method initializes the TLOGFONT structure with default values. This method
is called when the main form is created and whenever the user clicks the Set Defaults button.

Experiment with the project to see the different effects you can get with fonts, as shown in
Figure 8.28.

4t Delphi 5 Developer's Guide - Make Font Demo = B3
Effects————————————

= Graphics Mode—————
Height > I ltalic

(& Compatible

Orientation

Undetl U = |
O] | e € Advanced

™ Stike Out

Width

Face Name Pitgh——————

Comic Sans M5 = & Default

Charsst € Fised

DEFAULT_CHARSET 7] | O Variable ©
Weight D — oﬁo‘,
[FACEGI——] | < Deaut

Out Precision  Draft &

DEFAULT_PRECIS = € Pitch (’0

Escapement | 450 - Set Defaulls
Fanily
FF_DONTCARE ~|  FontInformation

Clip Precision

DEFALLT_PRECIS =

FIGURE 8.28

A rotated font.

Displaying Information About Fonts

The main form’s Font Information button invokes the form FontInfoForm, which displays
information about the selected font. When you specify font attributes in the TLOGFONT structure,
Win32 attempts to provide you with a font that best resembles your requested font. It’s entirely
possible that the font you get back from the CreateFontIndirect() function has completely
different attributes than what you requested. FontInfoForm lets you inspect your selected font’s
attributes. It uses the Win32 API function GetTextMetrics () to retrieve the font information.

GetTextMetrics() takes two parameters: the handle to the device context whose font you want
to examine and a reference to another Win32 structure, TTEXTMETRIC. GetTextMetrics() then
updates the TTEXTMETRIC structure with information about the given font. The WINDOWS unit
defines the TTEXTMETRIC record as follows:

TTextMetric = record
tmHeight: Integer;
tmAscent: Integer;
tmDescent: Integer;
tmInternalLeading: Integer;
tmExternalLeading: Integer;
tmAveCharWidth: Integer;
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tmMaxCharWidth: Integer;
tmWeight: Integer;
tmItalic: Byte;
tmUnderlined: Byte;
tmStruckOut: Byte;
tmFirstChar: Byte;
tmLastChar: Byte;
tmDefaultChar: Byte;
tmBreakChar: Byte;
tmPitchAndFamily: Byte;
tmCharSet: Byte;
tmOverhang: Integer;
tmDigitizedAspectX: Integer;
tmDigitizedAspectY: Integer;
end;

The TTEXTMETRIC record’s fields contain much of the same information we’ve already dis-
cussed about fonts. For example, it shows a font’s height, average character width, and whether
the font is underlined, italicized, struck out, and so on. Refer to the Win32 API online help for
detailed information on the TTEXTMETRIC structure. Listing 8.10 shows the code for the font
information form.

LisTING 8.10 Source to the Font Information Form

unit FontInfoFrm;
interface
uses

SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, ExtCtrls, StdCtrls;

type

TFontInfoForm = class(TForm)
1bFontInfo: TListBox;
procedure FormActivate(Sender: TObject);

private

{ Private declarations }
public

{ Public declarations }
end;

continues
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var
FontInfoForm: TFontInfoForm;

implementation
uses MainFrm;

{$R *.DFM}

procedure TFontInfoForm.FormActivate(Sender: TObject);
const
PITCH_MASK: byte = $0F; // Set the lower order four bits
FAMILY_MASK: byte = $F0; // Set to higher order four bits
var
TxMetric: TTextMetric;
FaceName: String;
PitchTest, FamilyTest: byte;
begin

// Allocate memory for FaceName string
SetLength(FaceName, 1f_ FaceSize+1);

/] First get the font information

with MainForm.pbxFont.Canvas do

begin
GetTextFace(Handle, 1f_faceSize-1, PChar(FaceName));
GetTextMetrics(Handle, TxMetric);

end;

// Now add the font information to the listbox from
// the TTEXTMETRIC structure.
with 1lbFontInfo.Items, TxMetric do

begin
Clear;
Add('Font face name: '+FaceName) ;
Add ('tmHeight: '+IntToStr(tmHeight));
Add ('tmAscent: '+IntToStr(tmAscent));
Add ('tmDescent: '+IntToStr(tmDescent));
Add('tmInternallLeading: '+IntToStr(tmInternallLeading));
Add ('tmExternallLeading: '+IntToStr(tmExternallLeading));
Add ('tmAveCharWidth: '+IntToStr(tmAveCharWidth));
Add (' tmMaxCharWidth: "+IntToStr(tmMaxCharWidth));
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Add ('tmWeight: "+IntToStr(tmWeight));

if tmItalic <> @ then
Add('tmItalic: YES')
else
Add('tmItalic: NO');

if tmUnderlined <> @ then
Add ('tmUnderlined: YES')
else
Add('tmUnderlined: NO');

if tmStruckOut <> @ then
Add ('tmStruckOut: YES')
else
Add ('tmStruckOut: NO');

// Check the font's pitch type

PitchTest := tmPitchAndFamily and PITCH_MASK;

if (PitchTest and TMPF_FIXED PITCH) = TMPF_FIXED_PITCH then
Add ('tmPitchAndFamily-Pitch: Fixed Pitch');

if (PitchTest and TMPF_VECTOR) = TMPF_VECTOR then
Add ('tmPitchAndFamily-Pitch: Vector');

if (PitchTest and TMPF_TRUETYPE) = TMPF_TRUETYPE then
Add ('tmPitchAndFamily-Pitch: True type');

if (PitchTest and TMPF_DEVICE) = TMPF_DEVICE then
Add ('tmPitchAndFamily-Pitch: Device');

if PitchTest = @ then
Add ('tmPitchAndFamily-Pitch: Unknown');

// Check the fonts family type

FamilyTest := tmPitchAndFamily and FAMILY_MASK;

if (FamilyTest and FF_ROMAN) = FF_ROMAN then
Add ('tmPitchAndFamily-Family: FF_ROMAN');

if (FamilyTest and FF_SWISS) = FF_SWISS then
Add ('tmPitchAndFamily-Family: FF_SWISS');

if (FamilyTest and FF_MODERN) = FF_MODERN then
Add ('tmPitchAndFamily-Family: FF_MODERN');

if (FamilyTest and FF_SCRIPT) = FF_SCRIPT then
Add ('tmPitchAndFamily-Family: FF_SCRIPT');

if (FamilyTest and FF_DECORATIVE) = FF_DECORATIVE then
Add ('tmPitchAndFamily-Family: FF_DECORATIVE');

CHAPTER 8
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if FamilyTest = @ then

Add ('tmPitchAndFamily-Family: Unknown');

Add ('tmCharSet: '+IntToStr(tmCharSet));
Add ( 'tmOverhang: "+IntToStr(tmOverhang));
Add ('tmDigitizedAspectX: '+IntToStr(tmDigitizedAspectX));
Add ('tmDigitizedAspectY: '+IntToStr(tmDigitizedAspectY));
end;
end;
end.

The FormActive () method first retrieves the font’s name with the Win32 API function
GetTextFace (), which takes a device context, a buffer size, and a null-terminated character
buffer as parameters. FormActivate() then uses GetTextMetrics() to fill TxMetric, a TTEXT-
METRIC record structure, for the selected font. The event handler then adds the values in
TxMetric to the list box as strings. For the tmPitchAndFamily value, you mask out the high- or
low-order bit, depending on the value you’re testing for, and add the appropriate values to the
list box. Figure 8.29 shows FontInfoForm displaying information about a font.

«i Font Information
Fontface name: Comic Sans MS
{ [tmHeight. 28

tmAscent. 22
|lmDescent: B
tminternalleading: 9
| tmExternalLeading: 0
tmAveCharwidth: 10
tmidaxCharvidth: 26
trveight 700

l_ tmitalic: NO

Comic Sar i nderlined: NO

Charset  |tmStruckOut NO

l_ tmPitchAndFamily-Pitch: Fixed Pitch

DEFALLT tmPitchAndFamily-Pitch: Yectar

tmPitchAndFamily-Pitch: True type

Fw_BOLL [tmPitchAndFamily-Family: FF_SCRIPT

Out Precisi tmCharSet. 0

lm tmOverhang: 0
tmDigitizedAspect<: 96

tmDigitizedAspecty: 96

Orientation

O

Clip Precision

DEFAULT_PRECIS =

FIGURE 8.29

The font information form.
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Summary

This chapter presented you with a lot of information about the Win32 Graphics Device
Interface. We discussed Delphi 5’s TCanvas, its properties, and its drawing methods. We also
discussed Delphi 5’s representation of images with its TImage component as well as mapping
modes and Win32 coordinates systems. You saw how you can use graphics programming tech-
niques to build a paint program and perform simple animation. Finally, we discussed fonts—
how to create them and how to display information about them. One of the nice things about
the GDI is that working with it can be a lot of fun. Entire books have been written on this sub-
ject alone. Take some time to experiment with the drawing routines, create your own fonts, or
just fool around with the mapping modes to see what type of effects you can get.
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This chapter discusses Win32 dynamic link libraries, otherwise known as DLLs. DLLs are a
key component to writing any Windows application. This chapter discusses several aspects of
using and creating DLLs. It gives you an overview of how DLLs work and discusses how to
create and use DLLs. You learn different methods of loading DLLs and linking to the proce-
dures and functions they export. This chapter also covers the use of callback functions and
illustrates how to share DLL data among different calling processes.

What Exactly Is a DLL?

Dynamic link libraries are program modules that contain code, data, or resources that can be
shared among many Windows applications. One of the primary uses of DLLs is to enable
applications to load code to execute at runtime instead of linking that code to the application at
compile time. Therefore, multiple applications can simultaneously use the same code provided
by the DLL. In fact, the files Kernel32.d11, User32.d11, and GDI32.d11 are three DLLs on
which Win32 relies heavily. Kernel32.d11 is responsible for memory, process, and thread
management. User32.d11 contains routines for the user interface that deal with the creation of
windows and the handling of Win32 messages. GDI32.d11 deals with graphics. You’ll also hear
of other system DLLs, such as AdvAPI32.d11 and ComD1g32.d11, which deal with object secu-
rity/Registry manipulation and common dialog boxes, respectively.

Another advantage to using DLLs is that your applications become modular. This simplifies
updating your applications because you need to replace only DLLs instead of replacing the
entire application. The Windows environment presents a typical example of this type of modu-
larity. Each time you install a new device, you also install a device driver DLL to enable that
device to communicate with Windows. The advantage to modularity becomes obvious when
you imagine having to reinstall Windows each time you install a new device to your system.

On disk, a DLL is basically the same as a Windows EXE file. One major difference is that a
DLL isn’t an independently executable file, although it may contain executable code. The most
common DLL file extension is .d11. Other file extensions are .drv for device drivers, .sys for
system files, and . fon for font resources, which contain no executable code.

NoTE

Delphi introduces a special-purpose DLL known as a package, which is used in the
Delphi and C++Builder environments. We'll go into greater depth on packages in
Chapter 21, “"Writing Delphi Custom Components.”

DLLs share their code with other applications through a process called dynamic linking, which
is discussed later in this chapter. In general, when an application uses a DLL, the Win32 sys-
tem ensures that only one copy of that DLL resides in memory. It does this by using memory-
mapped files. The DLL is first loaded into the Win32 system’s global heap. It’s then mapped
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into the address space of the calling process. In the Win32 system, each process is given its
own 32-bit linear address space. When the DLL is loaded by multiple processes, each process
receives its own image of the DLL. Therefore, processes don’t share the same physical code,
data, or resources, as was the case in 16-bit Windows. In Win32, the DLL appears as though
it’s actually code belonging to the calling process. For more information on Win32 constructs,
you can refer to Chapter 3, “The Win32 APL.”

This doesn’t mean that when multiple processes load a DLL, the physical memory is con-
sumed by each usage of the DLL. The DLL image is placed into each process’s address space
by mapping its image from the system’s global heap to the address space of each process that
uses the DLL, at least in the ideal scenario (see the sidebar “Setting a DLL’s Preferred Base
Address”).
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Setting a DLL's Preferred Base Address

DLL code is only shared between processes if the DLL can be loaded into the process
address space of all interested clients at the DLL's preferred base address. If the pre-
ferred base address and range of the DLL overlaps with something already allocated
in a process, the Win32 loader has to relocate the entire DLL image to some other
base address. When that happens, none of the relocated DLL image is shared with
any other process in the system—each relocated DLL instance consumes its own chunk
of physical memory and swap file space.

It's critical that you set the base address of every DLL you produce to a value that
doesn’t conflict with or overlap other address ranges used by your application by
using the $IMAGEBASE directive.

If your DLL will be used by multiple applications, choose a unique base address that’s
unlikely to collide with application addresses at the low end of the process virtual
address range or common DLLs (such as VCL packages) at the high end of the address
range. The default base address for all executable files (EXEs and DLLs) is $400000,
which means unless you change your DLL base address, it will always collide with the
base address of its host EXE and therefore never be shared between processes.

There's another side benefit to base address loading. Because the DLL doesn’t require
relocation or fixes (which is usually the case) and because it's stored on a local disk
drive, the DLL's memory pages are mapped directly onto the DLL file on disk. The DLL
code does not consume any space in the system'’s page file (as called a swap file). This
is why the system’s total committed page count and size statistics can be much larger
than the system swap file plus RAM.

You'll find detailed information on using the $IMAGEBASE directive by looking up
“Image Base Address” in the Delphi 5 online help.
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Following are some terms you’ll need to know in regard to DLLs:

e Application. A Windows program residing in an .exe file.

e Executable. A file containing executable code. Executable files include .d11 and .exe
files.

e Instance. When referring to applications and DLLs, an instance is the occurrence of an
executable. Each instance can be referred to by an instance handle, which is assigned by
the Win32 system. When an application is run twice, for example, there are two instances
of that application and, therefore, two instance handles. When a DLL is loaded, there’s
an instance of that DLL as well as a corresponding instance handle. The term instance,
as used here, should not be confused with the instance of a class.

* Module. In 32-bit Windows, module and instance can be used synonymously. This differs
from 16-bit Windows, in which the system maintains a database to manage modules and
provides a module handle for each module. In Win32, each instance of an application
gets its own address space; therefore, there’s no need for a separate module identifier.
However, Microsoft still uses the term in its own documentation. Just be aware that mod-
ule and instance are one and the same.

e Task. Windows is a multitasking (or task-switching) environment. It must be able to allo-
cate system resources and time to the various instances running under it. It does this by
maintaining a task database that maintains instance handles and other necessary informa-
tion to enable it to perform its task-switching functions. The fask is the element to which
Windows grants resources and time blocks.

Static Linking Versus Dynamic Linking

Static linking refers to the method by which the Delphi compiler resolves a function or proce-
dure call to its executable code. The function’s code can exist in the application’s .dpr file or
in a unit. When linking your applications, these functions and procedures become part of the
final executable file. In other words, on disk, each function will reside at a specific location in
the program’s . exe file.

A function’s location also is predetermined at a location relative to where the program is
loaded in memory. Any calls to that function cause program execution to jump to where the
function resides, execute the function, and then return to the location from which it was called.
The relative address of the function is resolved during the linking process.

This is a loose description of a more complex process that the Delphi compiler uses to perform
static linking. However, for the purpose of this book, you don’t need to understand the underly-
ing operations that the compiler performs to use DLLs effectively in your applications.
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Delphi implements a smart linker that automatically removes functions, procedures,
variables, and typed constants that never get referenced in the final project.
Therefore, functions that reside in large units that never get used don’t become a
part of your EXE file.

Suppose you have two applications that use the same function that resides in a unit. Both appli-
cations, of course, would have to include the unit in their uses statements. If you ran both
applications simultaneously in Windows, the function would exist twice in memory. If you had
a third application, there would be a third instance of the function in memory, and you would
be using up three times its memory space. This small example illustrates one of the primary
reasons for dynamic linking. Through dynamic linking, this function resides in a DLL. Then,
when an application loads the function into memory, all other applications that need to refer-
ence it can share its code by mapping the image of the DLL into their own process memory
space. The end result is that the DLL’s function exists only once in memory—theoretically.

With dynamic linking, the link between a function call and its executable code is resolved at
runtime by using an external reference to the DLL’s function. These references can be declared
in the application, but usually they’re placed in a separate import unit. The import unit
declares the imported functions and procedures and defines the various types required by DLL
functions.

For example, suppose you have a DLL named MaxLib.d11 that contains a function:
function Max (i1, I2: integer): integer;

This function returns the higher of the two integers passed to it. A typical import unit would
look like this:

unit MaxUnit;

interface

function Max(I1, I2: integer): integer;
implementation

function Max; external 'MAXLIB';

end.

You’ll notice that although this looks somewhat like a typical unit, it doesn’t define the func-
tion Max (). The keyword external simply says that the function resides in the DLL of the
name that follows it. To use this unit, an application would simply place MaxUnit in its uses
statement. When the application runs, the DLL is loaded into memory automatically, and any
calls to Max () are linked to the Max () function in the DLL.
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This illustrates one of two ways to load a DLL; it’s called implicit loading, which causes
Windows to automatically load the DLL when the application loads. Another method is to
explicitly load the DLL,; this is discussed later in this chapter.

Why Use DLLs?

There are several reasons for using DLLSs, some of which were mentioned earlier. In general,
you use DLLs to share code or system resources, to hide your code implementation or low-level
system routines, or to design custom controls. We discuss these topics in the following sections.

Sharing Code, Resources, and Data with Multiple
Applications

Earlier in this chapter, you learned that the most common reason for creating a DLL is to share
code. Unlike units, which enable you to share code with different Delphi applications, DLLs
enable you to share code with any Windows application that can call functions from DLLs.

Additionally, DLLs provide a way for you to share resources such as bitmaps, fonts, icons, and
so on that you normally would put into a resource file and link directly into your application. If
you place these resources into a DLL, many applications can make use of them without using
up the memory required to load them more often.

Back in 16-bit Windows, DLLs had their own data segment, so all applications that used a
DLL could access the same data-global and static variables. In the Win32 system, this is a dif-
ferent story. Because the DLL image is mapped to each process’s address space, all data in the
DLL belongs to that process. One thing worth mentioning here is that although the DLL’s data
isn’t shared between different processes, it’s shared by multiple threads within the same
process. Because threads execute independently of one another, you must take precautions not
to cause conflicts when accessing a DLL’s global data.

This doesn’t mean that there aren’t ways to make multiple processes share data made accessi-

ble through a DLL. One technique would be to create a shared memory area (using a memory-
mapped file) from within the DLL. Each application using that DLL would be able to read the
data stored in the shared memory area. This technique is shown later in the chapter.

Hiding Implementation

In some cases, you might want to hide the details of the routines that you make available from
a DLL. Regardless of your reason for deciding to hide your code’s implementation, a DLL pro-
vides a way for you to make your functions available to the public and not give away your
source code in doing so. All you need to do is provide an interface unit to enable others to
access your DLL. If you’re thinking that this is already possible with Delphi compiled units
(DCUgs), consider that DCUs apply only to other Delphi applications that are created with the
same version of Delphi. DLLs are language-independent, so you can create a DLL that can be
used by C++, VB, or any other language that supports DLLs.
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The Windows unit is the interface unit to the Win32 DLLs. The Win32 API unit source files are
included with Delphi 5. One of the files you get is Windows. pas, the source to the Windows unit.
In Windows. pas, you find function definitions such as the following in the interface section:

function ClientToScreen(Hwnd: HWND; var lpPoint: TPoint): BOOL; stdcall;

The corresponding link to the DLL is in the implementation section, as in the following
example:

function ClientToScreen; external user32 name 'ClientToScreen';

This basically says that the procedure ClientToScreen() exists in the dynamic link library
User32.dl1, and its name is ClientToScreen.

Custom Controls

Custom controls usually are placed in DLLs. These controls aren’t the same as Delphi custom
components. Custom controls are registered under Windows and can be used by any Windows
development environment. These types of custom controls are placed in DLLs to conserve
memory by having only one copy of the control’s code in memory when multiple copies of the
control are being used.
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The old custom control DLL mechanism is extremely crude and inflexible, which is
why Microsoft now uses OLE and ActiveX controls. These older forms of custom con-
trols are rare.

Creating and Using DLLs

The following sections take you through the process of actually creating a DLL with Delphi.
You’ll see how to create an interface unit so that you can make your DLLs available to other
programs. You’ll also learn how to incorporate Delphi forms into DLLs before going on to
using DLLs in Delphi.

Counting Your Pennies (A Simple DLL)

The following DLL example illustrates placing a routine that’s a favorite of many computer
science professors into a DLL. The routine converts a monetary amount in pennies to the mini-
mum number of nickels, dimes, or quarters needed to match the total number of pennies.

A Basic DLL
The library contains the PenniesToCoins () method. Listing 9.1 shows the complete DLL project.
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LisTING 9.1 PenniesLib.dpr, a DLL to Convert Pennies to Other Coins

library PenniesLib;
{$DEFINE PENNIESLIB}
uses

SysUtils,

Classes,

PenniesInt;

function PenniesToCoins(TotPennies: word;
CoinsRec: PCoinsRec): word; StdCall;
begin
Result := TotPennies; // Assign value to Result
{ Calculate the values for quarters, dimes, nickels, pennies }
with CoinsRec” do

begin
Quarters := TotPennies div 25;
TotPennies := TotPennies - Quarters * 25;
Dimes := TotPennies div 10;
TotPennies := TotPennies - Dimes * 10;
Nickels := TotPennies div 5;
TotPennies := TotPennies - Nickels * 5;
Pennies := TotPennies;

end;

end;

{ Export the function by name }
exports

PenniesToCoins;
end.

Notice that this library uses the unit PenniesInt. We’ll discuss this in more detail momentarily.

The exports clause specifies which functions or procedures in the DLL get exported and made
available to calling applications.

Defining an Interface Unit

Interface units enable users of your DLL to statically import your DLL’s routines into their
applications by just placing the import unit’s name in their module’s uses statement. Interface
units also allow the DLL writer to define common structures used by both the library and the
calling application. We demonstrate that here with the interface unit. Listing 9.2 shows the
source code to PenniesInt.pas



Dynamic Link Libraries

CHAPTER 9

LISTING 9.2 PenniesInt.pas, the interface Unit for PenniesLib.D11

unit PenniesInt;
{ Interface routine for PENNIES.DLL }

interface
type

{ This record will hold the denominations after the conversions have
been made }
PCoinsRec = "TCoinsRec;
TCoinsRec = record
Quarters,
Dimes,
Nickels,
Pennies: word;
end;

{$IFNDEF PENNIESLIB}
{ Declare function with export keyword }

function PenniesToCoins(TotPennies: word;
CoinsRec: PCoinsRec): word; StdCall;
{$ENDIF}

implementation

{$IFNDEF PENNIESLIB}

{ Define the imported function }

function PenniesToCoins; external 'PENNIESLIB.DLL' name 'PenniesToCoins';

{$ENDIF}

end.
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In the type section of this project, you declare the record TCoinsRec as well as a pointer to this
record. This record will hold the denominations that will make up the penny amount passed
into the PenniesToCoins () function. The function takes two parameters—the total amount of
money in pennies and a pointer to a TCoinsRec variable. The result of the function is the
amount of pennies passed in.

PenniesInt.pas declares the function that the PenniesLib.d11 exports in its interface sec-
tion. The definition of the PenniesToCoins () function is placed in the implementation section.
This definition specifies that the function is an external function existing in the DLL file

(o]

saMvHan
NI DINVNAQ



380

Advanced Techniques

PART Il

PenniesLib.d11. It links to the DLL function by the name of the function. Notice that you
used a compiler directive PENNIESLIB to conditionally compile the declaration of the
PenniesToCoins () function. You do this because it’s not necessary to link this declaration
when compiling the interface unit for the library. This allows you to share the interface unit’s
type definitions with both the library and any applications that intend to use the library. Any
changes to the structures used by both only have to be made in the interface unit.

Tip

To define an application-wide conditional directive, specify the conditional in the
Directories/Conditionals page of the Project, Options dialog box. Note that you must
rebuild your project for changes to conditional defines to take effect because Make
logic doesn’t reevaluate conditional defines.

NoTE

The following definition shows one of two ways to import a DLL function:
function PenniesToCoins; external 'PENNIESLIB.DLL' index 1;

This method is called importing by ordinal. The other method by which you can
import DLL functions is by name:

function PenniesToCoins; external 'PENNIESLIB.DLL' name 'PenniesToCoins';

The by-name method uses the name specified after the name keyword to determine
which function to link to in the DLL.

The by-ordinal method reduces the DLL's load time because it doesn’t have to look
up the function name in the DLL's name table. However, this method isn't the pre-
ferred method in Win32. Importing by name is the preferred technique so that appli-
cations won't be hypersensitive to relocation of DLL entry points as DLLs get updated
over time. When you import by ordinal, you are binding to a place in the DLL. When
you import by name, you're binding to the function name, regardless of where it
happens to be placed in the DLL.

If this were an actual DLL that you planned to deploy, you would provide both
PenniesLib.d1ll and PenniesInt.pas to your users. This would enable them to use the DLL
by defining the types and functions in PenniesInt.pas that PenniesLib.d11 requires.
Additionally, programmers using different languages, such as C++, could convert
PenniesInt.pas to their languages, thus enabling them to use your DLL in their development
environments. You’ll find a sample project that uses PenniesLib.d11l on the CD that accompa-
nies this book.
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Displaying Modal Forms from DLLs

This section shows you how to make modal forms available from a DLL. One reason why
placing commonly used forms in a DLL is beneficial is that it enables you to extend your
forms for use with any Windows application or development environment, such as C++ and
Visual Basic.

To do this, you remove your DLL-based form from the list of autocreated forms.

We’ve created such a form that contains a TCalendar component on the main form. The calling
application will call a DLL function that will invoke this form. When the user selects a day on
the calendar, the date will be returned to the calling application.

Listing 9.3 shows the source for CalendarLib.dpr, the DLL project file. Listing 9.4, in the
section, “Displaying Modeless Forms from DLLSs,” shows the source code for D11Frm.pas, the
DLL form’s unit, which illustrates how to encapsulate the form into a DLL.

LisTING 9.3 Library Project Source—CalendarLib.dpr

unit DLLFrm;

interface

uses
SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, Grids, Calendar;

type

TDLLForm = class(TForm)

calDl1lCalendar: TCalendar;

procedure calDllCalendarDblClick(Sender: TObject);
end;

{ Declare the export function }
function ShowCalendar (AHandle: THandle; ACaption: String):
TDateTime; StdCall;

implementation
{$R *.DFM}

function ShowCalendar (AHandle: THandle; ACaption: String): TDateTime;
var
DLLForm: TD11lForm;

continues

381

(o]

saMvHan
NI DINVNAQ



382

Advanced Techniques

PART Il

LisTING 9.3 Continued

begin
// Copy application handle to DLL's TApplication object
Application.Handle := AHandle;
DLLForm := TDLLForm.Create(Application);
try
DLLForm.Caption := ACaption;
DLLForm.ShowModal;
// Pass the date back in Result
Result := DLLForm.calDLLCalendar.CalendarDate;
finally
DLLForm.Free;
end;
end;

procedure TDLLForm.calDllCalendarDblClick(Sender: TObject);
begin

Close;
end;

end.

The main form in this DLL is incorporated into the exported function. Notice that the DLLForm
declaration was removed from the interface section and declared inside the function instead.

The first thing that the DLL function does is to assign the AHandle parameter to the
Application.Handle property. Recall from Chapter 4, “Application Frameworks and Design
Concepts,” that Delphi projects, including library projects, contain a global Application
object. In a DLL, this object is separate from the Application object that exists in the calling
application. For the form in the DLL to truly act as a modal form for the calling application,
you must assign the handle of the calling application to the DLL’s Application.Handle prop-
erty, as has been illustrated. Not doing so will result in erratic behavior, especially when you
start minimizing the DLL’s form. Also, as shown, you must make sure not to pass nil as the
owner of the DLL’s form.

After the form is created, you assign the ACaption string to the Caption of the DLL form. It’s
then displayed modally. When the form closes, the date selected by the user in the TCalendar
component is passed back to the calling function. The form closes after the user double-clicks
the TCalendar component.
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CAUTION

ShareMem must be the first unit in your library’s uses clause and your project’s (select
View, Project Source) uses clause if your DLL exports any procedures or functions
that pass strings or dynamic arrays as parameters or function results. This applies to
all strings passed to and from your DLL—even those nested in records and classes.
ShareMem is the interface unit to the Borlndmm.d11l shared memory manager, which
must be deployed along with your DLL. To avoid using Borlndmm.d1l, pass string
information using PChar or ShortString parameters.

ShareMem is only required when heap-allocated strings or dynamic arrays are passed
between modules, and such transfers also transfer ownership of that string memory.
Typecasting an internal string to a PChar and passing it to another module as a PChar
does not transfer ownership of the string memory to the calling module, so ShareMem
is not required.

Note that this ShareMem issue applies only to DelphiC++Builder DLLs that pass strings
or dynamic arrays to other Delphi/BCB DLLs or EXEs. You should never expose Delphi
strings or dynamic arrays (as parameters or function results of DLL exported func-
tions) to non-Delphi DLLs or host apps. They won’t know how to dispose of the
Delphi items correctly.

Also, ShareMem is never required between modules built with packages. The memory
allocator is implicitly shared between packaged modules.

This is all that’s required when encapsulating a modal form into a DLL. In the next section,
we’ll discuss displaying a modeless form in a DLL.

Displaying Modeless Forms from DLLs

To illustrate placing modeless forms in a DLL, we’ll use the same calendar form as the previ-
ous section.

When displaying modeless forms from a DLL, the DLL must provide two routines. The first
routine must take care of creating and displaying the form. A second routine is required to free
the form. Listing 9.4 displays the source code for the illustration of a modeless form in a DLL.

LisTING 9.4 A Modeless Form in a DLL
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unit DLLFrm;

interface

uses

continues

(o]

saMvHan
NI DINVNAQ



Advanced Techniques

384

PART Il

LisTING 9.4 Continued

SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, Grids, Calendar;

type

TDLLForm = class(TForm)
calDllCalendar: TCalendar;
end;

{ Declare the export function }

function ShowCalendar(AHandle: THandle; ACaption: String):
Longint; stdCall;

procedure CloseCalendar(AFormRef: Longint); stdcall;

implementation
{$R *.DFM}

function ShowCalendar (AHandle: THandle; ACaption: String): Longint;
var
DLLForm: TD11lForm;
begin
// Copy application handle to DLL's TApplication object
Application.Handle := AHandle;
DLLForm := TDLLForm.Create(Application);
Result := Longint(DLLForm);
DLLForm.Caption := ACaption;
DLLForm.Show;
end;

procedure CloseCalendar(AFormRef: Longint);
begin
if AFormRef > 0@ then
TDLLForm(AFormRef) .Release;
end;

end.

This listing displays the routines ShowCalendar() and CloseCalendar (). ShowCalendar() is
similar to the same function in the modal form example in that it makes the assignment of the
calling application’s application handle to the DLL’s application handle and creates the form.
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Instead of calling ShowModal (), however, this routine calls Show(). Notice that it doesn’t free
the form. Also, notice that the function returns a longint value to which you assign the
DLLForm instance. This is because a reference of the created form must be maintained, and it’s
best to have the calling application maintain this instance. This would take care of any issues
regarding other applications calling this DLL and creating another instance of the form.

In the CloseCalendar () procedure, you simply check for a valid reference to the form and
invoke its Release () method. Here, the calling application should pass back the same refer-
ence that was returned to it from ShowCalendar().

When using such a technique, you must be careful that your DLL never frees the form inde-
pendently of the host. If it does (for example, returning caFree in CanClose()), the call to
CloseCalendar () will crash.

Demos of both the modal and modeless forms are on the CD that accompanies this book.

Using DLLs in Your Delphi Applications

Earlier in this chapter, you learned that there are two ways to load or import DLLs: implicitly
and explicitly. Both techniques are illustrated in this section with the DLLs just created.

The first DLL created in this chapter included an interface unit. You’ll use this interface
unit in the following example to illustrate implicit linking of a DLL. The sample project’s main
form has a TMaskEdit, TButton, and nine TLabel components.

In this application, the user enters an amount of pennies. Then, when the user clicks the button,
the labels will show the breakdown of denominations of change adding up to that amount. This
information is obtained from the PenniesLib.d11 exported function PenniesToCoins().

The main form is defined in the unit MainFrm.pas shown in Listing 9.5.

LisTING 9.5 Main Form for the Pennies Demo

unit MainFrm;

interface

uses
SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls, Mask;

type

TMainForm = class(TForm)
1blTotal: TLabel;
1b1Qlbl: TLabel;

continues
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LisTING 9.5 Continued

1b1D1bl: TLabel;
1b1N1lbl: TLabel;
1b1P1bl: TLabel;
1blQuarters: TLabel;
1blDimes: TLabel;
1bINickels: TLabel;
1blPennies: TLabel;
btnMakeChange: TButton;
meTotalPennies: TMaskEdit;
procedure btnMakeChangeClick(Sender: TObject);
end;

var
MainForm: TMainForm;

implementation
uses PenniesInt; // Use an interface unit

{$R *.DFM}

procedure TMainForm.btnMakeChangeClick(Sender: TObject);
var
CoinsRec: TCoinsRec;
TotPennies: word;
begin
{ Call the DLL function to determine the minimum coins required
for the amount of pennies specified. }

TotPennies := PenniesToCoins(StrToInt(meTotalPennies.Text), @CoinsRec);
with CoinsRec do
begin

{ Now display the coin information }
1blQuarters.Caption := IntToStr(Quarters);

1blDimes.Caption := IntToStr(Dimes);

1blNickels.Caption := IntToStr(Nickels);

1blPennies.Caption := IntToStr(Pennies);
end

end;

end.
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Notice that MainFrm.pas uses the unit PenniesInt. Recall that PenniesInt.pas includes the
external declarations to the functions existing in PenniesLib.dpr. When this application runs,
the Win32 system automatically loads PenniesLib.d11 and maps it to the process address
space for the calling application.

Usage of an import unit is optional. You can remove PenniesInt from the uses statement and
place the external declaration to PenniesToCoins() in the implementation section of
MainFrm.pas, as in the following code:

implementation

function PenniesToCoins(TotPennies: word; ChangeRec: PChangeRec): word;
=StdCall external 'PENNIESLIB.DLL';

You also would have to define PChangeRec and TChangeRec again in MainFrm.pas, or you can

compile your application using the compiler directive PENNIESLIB. This technique is fine in the
case where you only need access to a few routines from a DLL. In many cases, you’ll find that
you require not only the external declarations to the DLL’s routines but also access to the types
defined in the interface unit.
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Many times, when using another vendor’s DLL, you won't have a Pascal interface
unit; instead, you'll have a C/C++ import library. In this case, you have to translate the
library to a Pascal equivalent interface unit.

You’ll find this demo on the accompanying CD.

Loading DLLs Explicitly

Although loading DLLs implicitly is convenient, it isn’t always the most desired method.
Suppose you have a DLL that contains many routines. If it’s likely that your application will
never call any of the DLL’s routines, it would be a waste of memory to load the DLL every
time your application runs. This is especially true when using multiple DLLs with one applica-
tion. Another example is when using DLLs as large objects: a standard list of functions that are
implemented by multiple DLLs but do slightly different things, such as printer drivers and file
format readers. In this situation, it would be beneficial to load the DLL when specifically
requested to do so by the application. This is referred to as explicitly loading a DLL.

To illustrate explicitly loading a DLL, we return to the sample DLL with a modal form. Listing
9.6 shows the code for the main form of the application that demonstrates explicitly loading
this DLL. The project file for this application is on the accompanying CD.
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LISTING 9.6 Main Form for Calendar DLL Demo Application

unit MainFfm;

interface

uses

SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,

Forms, Dialogs, StdCtrls;

type
{ First, define a procedural data type, this should reflect the
procedure that is exported from the DLL. }
TShowCalendar = function (AHandle: THandle; ACaption: String):
TDateTime; StdCall;

{ Create a new exception class to reflect a failed DLL load }
EDLLLoadError = class(Exception);

TMainForm = class(TForm)

1blDate: TLabel;

btnGetCalendar: TButton;

procedure btnGetCalendarClick(Sender: TObject);
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

procedure TMainForm.btnGetCalendarClick(Sender: TObject);
var

LibHandle : THandle;
ShowCalendar: TShowCalendar;
begin

{ Attempt to load the DLL }
LibHandle := LoadLibrary('CALENDARLIB.DLL");
try
{ If the load failed, LibHandle will be zero.
If this occurs, raise an exception. }



Dynamic Link Libraries

CHAPTER 9

if LibHandle = @ then
raise EDLLLoadError.Create('Unable to Load DLL');
{ If the code makes it here, the DLL loaded successfully, now obtain
the link to the DLL's exported function so that it can be called. }
@ShowCalendar := GetProcAddress(LibHandle, 'ShowCalendar');
{ If the function is imported successfully, then set
1blDate.Caption to reflect the returned date from
the function. Otherwise, show the return raise an exception. }
if not (@ShowCalendar = nil) then
1blDate.Caption := DateToStr(ShowCalendar(Application.Handle, Caption))
else
RaiselLastWin32Error;
finally
FreeLibrary(LibHandle); // Unload the DLL.
end;
end;

end.

This unit first defines a procedural data type, TShowCalendar, that reflects the definition of the
function it will be using from CalendarLib.d11. It then defines a special exception, which is
raised when there’s a problem loading the DLL. In the btnGetCalendarClick() event handler,
you’ll notice the use of three Win32 API functions: LoadLibrary (), FreeLibrary(), and
GetProcAddress().

LoadLibrary () is defined this way:
function LoadLibrary(lpLibFileName: PChar): HMODULE; stdcall;

This function loads the DLL module specified by 1pLibFileName and maps it into the address
space of the calling process. If this function succeeds, it returns a handle to the module. If it
fails, it returns the value 0, and an exception is raised. You can look up LoadLibrary() in the
online help for detailed information on its functionality and possible return error values.

FreeLibrary () is defined like this:
function FreeLibrary(hLibModule: HMODULE): BOOL; stdcall;

FreeLibrary() decrements the instance count of the library specified by LibModule. It
removes the library from memory when the library’s instance count is zero. The instance count
keeps track of the number of tasks using the DLL.

Here’s how GetProcAddress () is defined:

function GetProcAddress(hModule: HMODULE; lpProcName: LPCSTR):
FARPROC; stdcall
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GetProcAddress () returns the address of a function within the module specified in its first
parameter, hModule. hModule is the THandle returned from a call to LoadLibrary(). If
GetProcAddress () fails, it returns nil. You must call GetLastError() for extended error
information.

In Button1’s OnClick event handler, LoadLibrary () is called to load CALDLL. If it fails to load,
an exception is raised. If the call is successful, a call to the window’s GetProcAddress() is
made to get the address of the function ShowCalendar (). Prepending the procedural data type
variable ShowCalendar with the address of operator (@) character prevents the compiler from
issuing a type mismatch error due to its strict type-checking. After obtaining the address of
ShowCalendar (), you can use it as defined by TShowCalendar. Finally, FreeLibrary() is
called within the finally block to ensure that the library is freed from memory when no
longer required.

You can see that the library is loaded and freed each time this function is called. If this func-
tion was called only once during the run of an application, it becomes apparent how explicit
loading can save much-needed and often limited memory resources. On the other hand, if this
function were called frequently, the DLL loading and unloading would add a lot of overhead.

The Dynamically Linked Library Entry/Exit
Function

You can provide optional entry and exit code for your DLLs when required under various ini-
tialization and shutdown operations. These operations can occur during process or thread ini-
tialization/termination.

Process/Thread Initialization and Termination Routines

Typical initialization operations include registering Windows classes, initializing global vari-
ables, and initializing an entry/exit function. This occurs during the method of entry for the
DLL, which is referred to as the DLLEntryPoint function. This function is actually represented
by the begin. .end block of the DLL project file. This is the location where you would set up
an entry/exit procedure. This procedure must take a single parameter of the type DWord.

The global DLLProc variable is a procedural pointer to which you can assign the entry/exit pro-
cedure. This variable is initially nil unless you set up your own procedure. By setting up an
entry/exit procedure, you can respond to the events listed in Table 9.1.

TABLE 9.1 DLL Entry/Exit Events

Event Purpose

DLL_PROCESS_ATTACH The DLL is attaching to the address space of the current process
when the process starts up or when a call to LoadLibrary() is
made. DLLs initialize any instance data during this event.
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Event

Purpose

DLL_PROCESS_DETACH

DLL_THREAD_ATTACH

DLL_THREAD_DETACH

The DLL is detaching from the address space of the calling
process. This occurs during a clean process exit or when a call to
FreeLibrary () is made. The DLL can uninitialize any instance
data during this event.

This event occurs when the current process creates a new thread.
When this occurs, the system calls the entry-point function of any
DLLs attached to the process. This call is made in the context of
the new thread and can be used to allocate any thread-specific
data.

This event occurs when the thread is exiting. During this event,
the DLL can free any thread-specific initialized data.

391

CAUTION

Threads terminated abnormally—by calling TerminateThread ()—are not guaranteed

to call DLL_THREAD_DETACH.

DLL Entry/Exit Example

Listing 9.7 illustrates how you would install an entry/exit procedure to the DLL’s DLLProc

variable.

LisTING 9.7 The Source Code for D11Entry.dpr

library DllEntry;
uses
SysUtils,
Windows,
Dialogs,
Classes;

procedure DLLEntryPoint(dwReason: DWord);

begin
case dwReason of
DLL_PROCESS_ATTACH:
DLL_PROCESS_DETACH:
DLL_THREAD_ATTACH:
DLL_THREAD_DETACH:
end;

ShowMessage ( 'Attaching to process');
ShowMessage ( 'Detaching from process');
MessageBeep(0);

MessageBeep(0);

continues
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LisTING 9.7 Continued

end;
begin
{ First, assign the procedure to the DLLProc variable }
D11Proc := @DLLEntryPoint;
{ Now invoke the procedure to reflect that the DLL is attaching to the
process }
DLLEntryPoint (DLL_PROCESS_ATTACH) ;
end.

The entry/exit procedure is assigned to the DLL’s DLLProc variable in the begin. .end block of
the DLL project file. This procedure, DLLEntryPoint (), evaluates its word parameter to deter-

mine which event is being called. These events correspond to the events listed in Table 9.1. For
illustration purposes, we have each event display a message box when the DLL is being loaded
or destroyed. When a thread in the calling application is being created or destroyed, a message
beep occurs.

To illustrate the use of this DLL, examine the code shown in Listing 9.8.

LisTING 9.8 Sample Code for DLL Entry/Exit Demo

unit MainFrm;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls, ComCtrls, Gauges;

type
{ Define a TThread descendant }

TTestThread = class(TThread)
procedure Execute; override;
procedure SetCaptionData;

end;

TMainForm = class(TForm)
btnLoadLib: TButton;
btnFreeLib: TButton;
btnCreateThread: TButton;
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btnFreeThread: TButton;

1blCount: TLabel;

procedure btnLoadLibClick(Sender: TObject);
procedure btnFreeLibClick(Sender: TObject);
procedure btnCreateThreadClick(Sender: TObject);
procedure btnFreeThreadClick(Sender: TObject);
procedure FormCreate(Sender: TObject);

private
LibHandle : THandle;
TestThread : TTestThread;
Counter : Integer;
GoThread : Boolean;
end;
var

MainForm: TMainForm;

implementation

{$R *.DFM}

procedure TTestThread.Execute;
begin
while MainForm.GoThread do
begin
Synchronize(SetCaptionData);
Inc (MainForm.Counter);
end;
end;

procedure TTestThread.SetCaptionData;
begin

MainForm.1lblCount.Caption := IntToStr(MainForm.Counter);
end;

procedure TMainForm.btnLoadLibClick(Sender: TObject);
{ This procedure loads the library DllEntryLib.DLL }

begin
if LibHandle = @ then
begin
LibHandle := LoadLibrary('DLLENTRYLIB.DLL');

if LibHandle = @ then

continues
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raise Exception.Create('Unable to Load DLL');
end
else
MessageDlg( 'Library already loaded', mtWarning, [mbok], 0);
end;

procedure TMainForm.btnFreeLibClick(Sender: TObject);
{ This procedure frees the library }
begin
if not (LibHandle = 0) then
begin
FreeLibrary(LibHandle);
LibHandle := 0;
end;
end;

procedure TMainForm.btnCreateThreadClick(Sender: TObject);
{ This procedure creates the TThread instance. If the DLL is loaded a
message beep will occur. }

begin
if TestThread = nil then
begin
GoThread = True;
TestThread := TTestThread.Create(False);
end;
end;

procedure TMainForm.btnFreeThreadClick(Sender: TObject);
{ In freeing the TThread a message beep will occur if the DLL is loaded.
begin

if not (TestThread = nil) then

begin
GoThread := False;
TestThread.Free;
TestThread := nil;
Counter = 0;
end;

end;
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procedure TMainForm.FormCreate(Sender: TObject);

begin
LibHandle = 0;
TestThread := nil;
end;
end.

This project consists of a main form with four TButton components. BtnLoadLib loads the
DLL D11EntryLib.d1l. BtnFreelLib frees the library from the process. BtnCreateThread cre-
ates a TThread descendant object, which in turn creates a thread. BtnFreeThread destroys the
TThread object. The 1blCount is used just to show the thread execution.

The btnLoadLibClick () event handler calls LoadLibrary () to load D11EntryLib.d11. This
causes the DLL to load and be mapped to the process’s address space. Additionally, the initial-
ization code in the DLL gets executed. Again, this is the code that appears in the begin. .end
block of the DLL, which performs the following to set up an entry/exit procedure for the DLL:

begin
{ First, assign the procedure to the DLLProc variable }
D11Proc := @DLLEntryPoint;
{ Now invoke the procedure to reflect that the DLL is attaching to the
process }
DLLEntryPoint (DLL_PROCESS_ATTACH) ;
end.

This initialization section will only be called once per process. If another process loads this
DLL, this section will be called again, except in the context of the separate process—processes
don’t share DLL instances.

The btnFreeLibClick () event handler unloads the DLL by calling FreeLibrary(). When this
happens, the procedure to which the DLLProc points, DLLEntryProc(), gets called with the
value of DLL_PROCESS_DETACH passed as the parameter.

The btnCreateThreadClick () event handler creates the TThread descendant object. This
causes the DLLEntryProc () to get called, and the DLL_THREAD_ATTACH value is passed as the
parameter. The btnFreeThreadClick () event handler invokes DLLEntryProc again but passes
DLL_THREAD_DETACH as the value to the procedure.

Although you invoke only a message box when the events occur, you’ll use these events to per-
form any process or thread initialization or cleanup that might be necessary for your applica-
tion. Later, you’ll see an example of using this technique to set up sharable DLL global data.
You can look at the demo of this DLL in the project DLLEntryTest.dpr on the CD.

395

(o]

saMvHan
NI DINVNAQ



Advanced Techniques

396

PART Il

Exceptions in DLLs

This section discusses issues regarding DLLs and Win32 exceptions.

Capturing Exceptions in 16-Bit Delphi

Back in the 16-bit days with Delphi 1, Delphi exceptions were language specific. Therefore, if
exceptions were raised in a DLL, you were required to capture the exception before it escaped
from the DLL so that it wouldn’t creep up the calling modules stack, causing it to crash. You
had to wrap every DLL entry point with an exception handler, like this:

procedure SomeDLLProc;
begin
try
{ Do your stuff }
except
on Exception do
{ Don't let it get away, handle it and don't re-raise it }
end;
end;

This is no longer the case as of Delphi 2. Delphi 5 exceptions map themselves to Win32 excep-
tions. Exceptions raised in DLLs are no longer a compiler/language feature of Delphi but
rather a feature of the Win32 system.

For this to work, however, you must make sure that SysUtils is included in the DLL’s uses
clause. Not including SysUtils disables Delphi’s exception support inside the DLL.

CAUTION

Most Win32 applications are not designed to handle exceptions, so even though
Delphi language exceptions get turned into Win32 exceptions, exceptions that you let
escape from a DLL into the host application are likely to shut down the application.

If the host application is built with Delphi or C++Builder, this shouldn’t be much of
an issue, but there’s still a lot of raw C and C++ code out there that doesn’t like
exceptions.

Therefore, to make your DLLs bulletproof, you might still consider using the 16-bit
method of protecting DLL entry points with try..except blocks to capture excep-
tions raised in your DLLs.
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When a non-Delphi application uses a DLL written in Delphi, it won't be able to uti-
lize the Delphi language-specific exception classes. However, it can be handled as a
Win32 system exception given the exception code of $0EEDFACE. The exception
address will be the first entry in the ExceptionInformation array of the Win32 sys-
tem EXCEPTION_RECORD. The second entry contains a reference to the Delphi excep-
tion object. Look up EXCEPTION_RECORD in the Delphi online help for additional
information.

Exceptions and the Safecall Directive

Safecall functions are used for COM and exception handling. They guarantee that any excep-
tion will propagate to the caller of the function. A Safecall function converts an exception
into an HResult return value. Safecall also implies the StdCall calling convention. Therefore,
a Safecall function declared as

function Foo(i: integer): string; Safecall;
really looks like this according to the compiler:
function Foo(i: integer): string; HResult; StdCall;

The compiler then inserts an implicit try. .except block that wraps the entire function con-
tents and catches any exceptions raised. The except block invokes a call to
SafecallExceptionHandler () to convert the exception into an HResult. This is somewhat
similar to the 16-bit method of capturing exceptions and passing back error values.

Callback Functions

A callback function is a function in your application called by Win32 DLLs or other DLLs.
Basically, Windows has several API functions that require a callback function. When calling
these functions, you pass in an address of a function defined by your application that Windows
can call. If you’re wondering how this all relates to DLLs, remember that the Win32 API is
really several routines exported from system DLLs. Essentially, when you pass a callback func-
tion to a Win32 function, you’re passing this function to a DLL.

One such function is the EnumWindows () API function, which enumerates through all top-
level windows. This function passes the handle of each window in the enumeration to your
application-defined callback function. You’re required to define and pass the callback func-
tion’s address to the EnumWindows () function. The callback function that you must provide to
EnumWindows () is defined this way:

function EnumWindowsProc (Hw: HWnd; 1lp: 1Param): Boolean; stdcall;
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We illustrate the use of the EnumWindows () function in the CallBack.dpr project on the CD
accompanying this book and shown in Listing 9.9.

LIsTING 9.9 MainForm.pas, Source to Callback Example

unit MainFrm;
interface
uses

Windows, Messages, SysUtils, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls, ComCtrls;

type
{ Define a record/class to hold the window name and class name for

each window. Instances of this class will get added to ListBox1 }
TWindowInfo = class

WindowName, // The window name
WindowClass: String; // The window's class name
end;

TMainForm = class(TForm)
1bWinInfo: TListBox;
btnGetWinInfo: TButton;
hdWinInfo: THeaderControl;
procedure btnGetWinInfoClick(Sender: TObject);
procedure FormDestroy(Sender: TObject);
procedure lbWinInfoDrawItem(Control: TWinControl; Index: Integer;
Rect: TRect; State: TOwnerDrawState);
procedure hdWinInfoSectionResize(HeaderControl: THeaderControl;
Section: THeaderSection);
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

function EnumWindowsProc (Hw: HWnd; AMainForm: TMainForm):
Boolean; stdcall;
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{ This procedure is called by the User32.DLL library as it enumerates
through windows active in the system. }
var
WinName, CName: array[0..144] of char;
WindowInfo: TWindowInfo;
begin
{ Return true by default which indicates not to stop enumerating
through the windows }
Result := True;
GetWindowText (Hw, WinName, 144); // Obtain the current window text
GetClassName (Hw, CName, 144); // Obtain the class name of the window

{ Create a TWindowInfo instance and set its fields with the values of
the window name and window class name. Then add this object to
ListBox1's Objects array. These values will be displayed later by
the listbox }

WindowInfo := TWindowInfo.Create;
with WindowInfo do
begin

SetLength(WindowName, strlen(WinName));
SetLength(WindowClass, StrLen(CName));

WindowName := StrPas(WinName);
WindowClass := StrPas(CName);
end;

// Add to Objects array
MainForm.1lbWinInfo.Items.AddObject('', WindowInfo); end;

procedure TMainForm.btnGetWinInfoClick(Sender: TObject);
begin
{ Enumerate through all top-level windows being displayed. Pass in the
call back function EnumWindowsProc which will be called for each
window }
EnumWindows (@EnumWindowsProc, 0);
end;

procedure TMainForm.FormDestroy(Sender: TObject);
var

i: integer;
begin

{ Free all instances of TWindowInfo }

for i := 0 to lbWinInfo.Items.Count - 1 do

TWindowInfo(lbWinInfo.Items.Objects[i]).Free

end;

continues
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procedure TMainForm.lbWinInfoDrawItem(Control: TWinControl;

Index: Integer;Rect: TRect; State: TOwnerDrawState);

begin

{ First, clear the rectangle to which drawing will be performed }

1bWinInfo.Canvas.FillRect (Rect);

{ Now draw the strings of the TWindowInfo record stored at the
Index'th position of the listbox. The sections of HeaderControl
will give positions to which to draw each string }

with TWindowInfo(lbWinInfo.Items.Objects[Index]) do

begin
DrawText (1lbWinInfo.Canvas.Handle, PChar(WindowName),

Length(WindowName), Rect,dt_Left or dt_VCenter);

{ Shift the drawing rectangle over by using the size
HeaderControli's sections to determine where to draw the next
string }

Rect.Left := Rect.Left + hdWinInfo.Sections[Q].Width;

DrawText (1lbWinInfo.Canvas.Handle, PChar(WindowClass),
Length(WindowClass), Rect, dt_Left or dt_VCenter);

end;

end;

procedure TMainForm.hdWinInfoSectionResize (HeaderControl:
THeaderControl; Section: THeaderSection);
begin
1bWinInfo.Invalidate; // Force ListBox1 to redraw itself.
end;

end.

This application uses the EnumwWindows () function to extract the window name and class name
of all top-level windows and adds them to the owner-draw list box on the main form. The main
form uses an owner-draw list box to make both the window name and window class name
appear in a columnar fashion. First we’ll explain the use of the callback function. Then we’ll
explain how we created the columnar list box.

Using the Callback Function

You saw in Listing 9.9 that we defined a procedure, EnumWindowsProc (), that takes a window
handle as its first parameter. The second parameter is user-defined data, so you may pass what-
ever data you deem necessary as long as its size is the equivalent to an integer data type.
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EnumWindowsProc () is the callback procedure that you’ll pass to the EnumWindows () Win32 API
function. It must be declared with the StdCall directive to specify that it uses the Win32 calling
convention. When passing this procedure to EnumWindows (), it will get called for each top-level
window whose window handle gets passed as the first parameter. You use this window handle to
obtain both the window name and class name of each window. You then create an instance of
the TwindowInfo class and set its fields with this information. The TWindowInfo class instance is
then added to the 1bWinInfo.Objects array. The data in this list box will be used when the list
box is drawn to show this data in a columnar fashion.

Notice that, in the main form’s OnDestroy event handler, you make sure to clean up any allo-
cated instances of the TWindowInfo class.

The btnGetWinInfoClick()event handler calls the EnumWindows () procedure and passes
EnumWindowsProc () as its first parameter.

When you run the application and click the button, you’ll see that the information is obtained
from each window and is shown in the list box.

Drawing an Owner-Draw List Box

The window names and class names of top-level windows are drawn in a columnar fashion in
lbwinInfo from the previous project. This was done by using a TListBox with its Style prop-
erty set to 1bOwnerDraw. When this style is set as such, the TListBox.OnDrawItem event is
called each time the TListBox is to draw one of its items. You're responsible for drawing the
items as illustrated in the example.

In Listing 9.9, the event handler 1bwinInfoDrawItem() contains the code that performs the
drawing of list box items. Here, you draw the strings contained in the TWindowInfo class
instances, which are stored in the 1bWinInfo.Objects array. These values are obtained from
the callback function EnumWindowsProc (). You can refer to the code commentary to determine
what this event handler does.

Calling Callback Functions from Your DLLs

Just as you can pass callback functions to DLLs, you can also have your DLLs call callback
functions. This section illustrates how you can create a DLL whose exported function takes a
callback procedure as a parameter. Then, based on whether the user passes in a callback proce-
dure, the procedure gets called. Listing 9.10 contains the source code to this DLL.

LisTinG 9.10 Calling a Callback Demo: Source Code for StrSrchLib.d11l

library StrSrchLib;

uses
Wintypes,
WinProcs,

continues
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SysUtils,
Dialogs;

type
{ declare the callback function type }
TFoundStrProc = procedure(StrPos: PChar); StdCall;

function SearchStr(ASrcStr, ASearchStr: PChar; AProc: TFarProc):
Integer; StdCall;

{ This function looks for ASearchStr in ASrcStr. When founc ASearchStr,
the callback procedure referred to by AProc is called if one has been
passed in. The user may pass nil as this parameter. }

var
FindStr: PChar;

begin
FindStr := ASrcStr;

FindStr := StrPos(FindStr, ASearchStr);
while FindStr <> nil do
begin
if AProc <> nil then
TFoundStrProc (AProc) (FindStr);
FindStr := FindStr + 1;
FindStr := StrPos(FindStr, ASearchStr);
end;
end;

exports
SearchStr;
begin

end.

The DLL also defines a procedural type, TFoundStrProc, for the callback function, which will
be used to typecast the callback function when it’s called.

The exported procedure SearchStr () is where the callback function is called. The commentary
in the listing explains what this procedure does.

An example of this DLL’s usage is given in the project CallBackDemo.dpr in the \DLLCallBack
directory on the CD. The source for the main form of this demo is shown in Listing 9.11.



Dynamic Link Libraries

CHAPTER 9

LisTING 9.11 The Main Form for the DLL Callback Demo
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unit MainFrm;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls;

type
TMainForm = class(TForm)
btnCallDLLFunc: TButton;
edtSearchStr: TEdit;
1b1lSrchWrd: TLabel;
memStr: TMemo;
procedure btnCallDLLFuncClick(Sender: TObject);
end;

var
MainForm: TMainForm;
Count: Integer;

implementation
{$R *.DFM}

{ Define the DLL's exported procedure }

function SearchStr(ASrcStr, ASearchStr: PChar; AProc: TFarProc):
Integer; StdCall external
'STRSRCHLIB.DLL"';

{ Define the callback procedure, make sure to use the StdCall directive }
procedure StrPosProc(AStrPsn: PChar); StdCall;
begin
inc(Count); // Increment the Count variable.
end;

procedure TMainForm.btnCallDLLFuncClick(Sender: TObject);

var
S: String;
S2: String;
begin

continues
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Count := @; // Initialize Count to zero.

{ Retrieve the length of the text on which to search. }

SetLength(S, memStr.GetTextLen);

{ Now copy the text to the variable S }

memStr.GetTextBuf (PChar(S), memStr.GetTextLen);

{ Copy Edit1's Text to a string variable so that it can be passed to
the DLL function }

S2 := edtSearchStr.Text;

{ Call the DLL function }

SearchStr(PChar(S), PChar(S2), @StrPosProc);

{ Show how many times the word occurs in the string. This has been
stored in the Count variable which is used by the callback function }

ShowMessage (Format('%s %s %d %s', [edtSearchStr.Text,
'occurs', Count, 'times.']));

end;

end.

This application contains a TMemo control. EdtSearchStr.Text contains a string that will be
searched for in memStr’s contents. memStr’s contents are passed as the source string to the DLL
function SearchStr(), and edtSearchStr.Text is passed as the search string.

The function StrPosProc () is the actual callback function. This function increments the value
of the global variable Count, which you use to hold the number of times the search string
occurs in memStr’s text.

Sharing DLL Data Across Different Processes

Back in the world of 16-bit Windows, DLL memory was handled differently than it is in the
32-bit world of Win32. One often-used trait of 16-bit DLLs is that they share global memory
among different applications. In other words, if you declare a global variable in a 16-bit DLL,
any application that uses that DLL will have access to that variable, and changes made to that
variable by an application will be seen by other applications.

In some ways, this behavior can be dangerous because one application can overwrite data on
which another application is dependent. In other ways, developers have made use of this char-
acteristic.

In Win32, this sharing of DLL global data no longer exists. Because each application process

maps the DLL to its own address space, the DLL’s data also gets mapped to that same address
space. This results in each application getting its own instance of DLL data. Changes made to
the DLL global data by one application won’t be seen from another application.
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If you’re planning on porting a 16-bit application that relies on the sharable behavior of DLL
global data, you can still provide a means for applications to share data in a DLL with other
applications. The process isn’t automatic, and it requires the use of memory-mapped files to
store the shared data. Memory-mapped files are covered in Chapter 12, “Working with Files.
We’ll use them here to illustrate this method; however, you’ll probably want to return to and
review this section when you have a more thorough understanding of memory-mapped files
after reading Chapter 12.

’

Creating a DLL with Shared Memory

Listing 9.12 shows a DLL project file that contains the code to allow applications using this
DLL to share its global data. This global data is stored in the variable appropriately named
GlobalData.

LisTING 9.12 SharelLib: A DLL That Illustrates Sharing Global Data
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library SharelLib;

uses
ShareMem,
Windows,
SysUtils,
Classes;
const

cMMFileName: PChar = 'SharedMapData’;

{$I DLLDATA.INC}

var
GlobalData : PGlobalDLLData;
MapHandle : THandle;

{ GetDLLData will be the exported DLL function }

procedure GetDLLData(var AGlobalData: PGlobalDLLData); StdCall;

begin
{ Point AGlobalData to the same memory address referred to by GlobalData. }
AGlobalData := GlobalData;

end;

procedure OpenSharedData;
var
Size: Integer;

continues
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begin

{ Get the size of the data to be mapped. }
Size := SizeOf(TGlobalDLLData);

{ Now get a memory-mapped file object. Note the first parameter passes
the value $FFFFFFFF or DWord(-1) so that space is allocated from
the system's paging file. This requires that a name for the memory-mapped
object get passed as the last parameter. }

MapHandle := CreateFileMapping(DWord(-1), nil, PAGE_READWRITE, 0,
Size, cMMFileName);

if MapHandle = 0 then
RaiselLastWin32Error;
{ Now map the data to the calling process's address space and get a
pointer to the beginning of this address }
GlobalData := MapViewOfFile(MapHandle, FILE_MAP_ALL_ACCESS, 0, 0, Size);
{ Initialize this data }
GlobalData~.S := 'SharelLib’;
GlobalData~.I := 1;
if GlobalData = nil then
begin
CloseHandle (MapHandle);
RaiselLastWin32Error;
end;

end;

procedure CloseSharedData;
{ This procedure un-maps the memory-mapped file and releases the memory-mapped

file handle }

begin

UnmapViewOfFile(GlobalData);
CloseHandle (MapHandle);

end;

procedure DLLEntryPoint(dwReason: DWord);
begin

case dwReason of
DLL_PROCESS_ATTACH: OpenSharedData;
DLL_PROCESS_DETACH: CloseSharedData;
end;
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end;

exports
GetDLLData;

begin
{ First, assign the procedure to the DLLProc variable }
D11Proc := @DLLEntryPoint;
{ Now invoke the procedure to reflect that the DLL is attaching
to the process }
DLLEntryPoint (DLL_PROCESS_ATTACH) ;
end.

GlobalData is of the type PGlobalDLLData, which is defined in the include file D11Data.inc.
This include file contains the following type definition (note that the include file is linked by
using the include directive $I):

type

PGlobalDLLData = ~“TGlobalDLLData;
TGlobalDLLData = record

S: String[50];

I: Integer;
end;

In this DLL, you use the same process discussed earlier in the chapter to add entry and exit
code to the DLL in the form of an entry/exit procedure. This procedure is called
DLLEntryPoint (), as shown in the listing. When a process loads the DLL, the
OpenSharedData() method gets called. When a process detaches from the DLL, the
CloseSharedData() method is called.

We won’t go into too much detail here about memory-mapped file usage because we cover it
in more detail in Chapter 12, “Working with Files.” However, we’ll explain the basics of
what’s going on so that you understand the purpose of this DLL.

Memory-mapped files provide a means for you to reserve a region of address space in the
Win32 system to which physical storage gets committed. This is similar to allocating memory
and referring to that memory with a pointer. With memory-mapped files, however, you can
map a disk file to this address space and refer to the space within the file as though you were
just referencing an area of memory with a pointer.

With memory-mapped files, you must first get a handle to an existing file on disk to which a
memory-mapped object will be mapped. You then map the memory-mapping object to that file.
At the beginning of the chapter, we told you how the system shares DLLs with multiple appli-
cations by first loading the DLL into memory and then giving each application its own image
of the DLL so that it appears that each application has loaded a separate instance of the DLL.

407

(o]

saMvHan
NI DINVNAQ



408

Advanced Techniques

PART Il

In reality, however, the DLL exists in memory only once. This is done by using memory-
mapped files. You can use the same process to give access to data files. You just make neces-
sary Win32 API calls that deal with creating and accessing memory-mapped files.

Now, consider this scenario: Suppose an application, which we’ll call App1, creates a memory-
mapped file that gets mapped to a file on disk, MyFile.dat. App1 can now read and write data
in that file. If, while App1 is running, App2 also maps to that same file, changes made to the file
by App1 will be seen by App2. Actually, it’s a bit more complex; certain flags must be set so
that changes to the file are immediately set and so forth. For this discussion, it suffices to say
that changes will be realized by both applications because this is possible.

One of the ways in which memory-mapped files can be used is to create a file mapping from
the Win32 paging file rather than an existing file. This means that instead of mapping to an
existing file on disk, you can reserve an area of memory to which you can refer as though it
were a disk file. This prevents you from having to create and destroy a temporary file if all you
want to do is to create an address space that can be accessed by multiple processes. The Win32
system manages its paging file, so when memory is no longer required of the paging file, this
memory gets released.

In the preceding paragraphs, we presented a scenario that illustrated how two applications can
access the same file data by using a memory-mapped file. The same can be done between an
application and a DLL. In fact, if the DLL creates the memory-mapped file when it’s loaded by
an application, it will use the same memory-mapped file when loaded by another application.
There will be two images of the DLL, one for each calling application, both of which use the
same memory-mapped file instance. The DLL can make the data referred to by the file map-
ping available to its calling application. When one application makes changes to this data, the
second application will see these changes because they’re referring to the same data, mapped
by two different memory-mapped object instances. We use this technique in the example.

In Listing 9.12, OpenSharedData() is responsible for creating the memory-mapped file. It uses
the CreateFileMapping() function to first create the file-mapping object, which it then passes
to the MapviewOfFile() function. The MapviewOfFile () function maps a view of the file into
the address space of the calling process. The return value of this function is the beginning of
that address space. Now remember, this is the address space of the calling process. For two dif-
ferent applications using this DLL, this address location might be different, although the data
to which they refer will be the same.

NoTE

The first parameter to CreateFileMapping() is a handle to a file to which the memory-
mapped file gets mapped. However, if you're mapping to an address space of the sys-
tem paging file, pass the value $FFFFFFFF (which is the same as DWord(-1)) as this
parameter value. You must also supply a name for the file-mapping object as the last
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parameter to CreateFileMapping(). This is the name that the system uses to refer to
this file mapping. If multiple processes create a memory-mapped file using the same
name, the mapping objects will refer to the same system memory.

After the call to MapviewOfFile (), the variable GlobalData refers to the address space for the
memory-mapped file. The exported function GetDLLData() assigns that memory to which
GlobalData refers to the AGlobalData parameter. AGlobalData is passed in from the calling
application; therefore, the calling application has read/write access to this data.

The CloseSharedData() procedure is responsible for unmapping the view of the file from the
calling process and releasing the file-mapping object. This doesn’t affect other file-mapping
objects or file mappings from other applications.

Using a DLL with Shared Memory

To illustrate the use of the shared memory DLL, we’ve created two applications that make use
of it. The first application, App1.dpr, allows you to modify the DLL’s data. The second appli-
cation, App2.dpr, also refers to the DLL’s data and continually updates a couple of TLabel
components by using a TTimer component. When you run both applications, you’ll be able to
see the sharable access to the DLL data—App2 will reflect changes made by App1.

Listing 9.13 shows the source code for the APP1 project.

LisTiNnG 9.13 The Main Form for App1.dpr

unit MainFrmAi;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls,
Forms, Dialogs, StdCtrls, ExtCtrls, Mask;

{$I DLLDATA.INC}

type

TMainForm = class(TForm)
edtGlobDataStr: TEdit;
btnGetDl1lData: TButton;
meGlobDataInt: TMaskEdit;
procedure btnGetDllDataClick(Sender: TObject);

continues
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LisTING 9.13 Continued

procedure edtGlobDataStrChange(Sender: TObject);
procedure meGlobDataIntChange(Sender: TObject);
procedure FormCreate(Sender: TObject);

public
GlobalData: PGlobalDLLData;

end;

var
MainForm: TMainForm;

{ Define the DLL's exported procedure }
procedure GetDLLData(var AGlobalData: PGlobalDLLData);
StdCall External 'SHARELIB.DLL';

implementation

{$R *.DFM}

procedure TMainForm.btnGetDl1lDataClick(Sender: TObject);
begin
{ Get a pointer to the DLL's data }
GetDLLData(GlobalData);
{ Now update the controls to reflect GlobalData's field values }
edtGlobDataStr.Text := GlobalData".S;
meGlobDataInt.Text := IntToStr(GlobalData".I);
end;

procedure TMainForm.edtGlobDataStrChange(Sender: TObject);
begin

{ Update the DLL data with the changes }

GlobalData".S := edtGlobDataStr.Text;
end;

procedure TMainForm.meGlobDataIntChange(Sender: TObject);
begin
{ Update the DLL data with the changes }
if meGlobDataInt.Text = EmptyStr then
meGlobDataInt.Text := 'Q';
GlobalData”~.I := StrToInt(meGlobDataInt.Text);
end;
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procedure TMainForm.FormCreate(Sender: TObject);
begin

btnGetDllDataClick(nil);
end;

end.

This application also links in the include file D11Data.inc, which defines the TGlobalDLLData
data type and its pointer. The btnGetDl1lDataClick () event handler gets a pointer to the DLL’s
data, which is accessed by a memory-mapped file in the DLL. It does this by calling the DLL’s
GetDLLData() function. It then updates its controls with the value of this pointer, GlobalData.
The onChange event handlers for the edit controls change the values of GlobalData. Because
GlobalData refers to the DLL’s data, it modifies the data referred to by the DLL’s memory-
mapped file.

Listing 9.14 shows the source code for the main form for App2.dpr.

LiSTING 9.14 The Source Code for Main Form for App2.dpr

unit MainFrmA2;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
ExtCtrls, StdCtrls;

{$I DLLDATA.INC}

type

TMainForm = class(TForm)

1blGlobDataStr: TLabel;

tmTimer: TTimer;

1blGlobDataInt: TLabel;

procedure tmTimerTimer (Sender: TObject);
public

GlobalData: PGlobalDLLData;
end;

{ Define the DLL's exported procedure }
procedure GetDLLData(var AGlobalData: PGlobalDLLData);

continues
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LisTING 9.14 Continued

StdCall External 'SHARELIB.DLL';

var
MainForm: TMainForm;

implementation

{$R *.DFM}

procedure TMainForm.tmTimerTimer (Sender: TObject);
begin
GetDllData(GlobalData); // Get access to the data
{ Show the contents of GlobalData's fields.}
1blGlobDataStr.Caption := GlobalData".S;
1blGlobDataInt.Caption := IntToStr(GlobalData".I);
end;

end.

This form contains two TLabel components, which get updated during the tmTimer’s OnTimer
event. When the user changes the values of the DLL’s data from App1, App2 will reflect these
changes.

You can run both applications to experiment with them. You’ll find them on this book’s CD.

Exporting Objects from DLLs

It’s possible to access an object and its methods even if that object is contained within a DLL.
There are some requirements, however, to how that object is defined within the DLL as well as
some limitations as to how the object can be used. The technique we illustrate here is useful in
very specific situations. Typically, you can achieve the same functionality by using packages or
interfaces.

The following list summarizes the conditions and limitations to exporting an object from a DLL:
 The calling application can only use methods of the object that have been declared as
virtual.
* The object instances must be created only within the DLL.

e The object must be defined in both the DLL and calling application with methods
defined in the same order.

* You cannot create a descendant object from the object contained within the DLL.
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Some additional limitations might exist, but the ones listed are the primary limitations.

To illustrate this technique, we’ve created a simple, yet illustrative example of an object that
we export. This object contains a function that returns the uppercase or lowercase value of a
string based on the value of a parameter indicating either uppercase or lowercase. This object
is defined in Listing 9.15.

LisTING 9.15 Object to Be Exported from a DLL

type
TConvertType = (ctUpper, ctLower);

TStringConvert = class(TObject)
{$IFDEF STRINGCONVERTLIB}
private
FPrepend: String;
FAppend : String;
{$ENDIF}
public
function ConvertString(AConvertType: TConvertType; AString: String):
String;
virtual; stdcall; {$IFNDEF STRINGCONVERTLIB} abstract; {$ENDIF}
{$IFDEF STRINGCONVERTLIB}
constructor Create(APrepend, AAppend: String);
destructor Destroy; override;
{$ENDIF}
end;

{ For any application using this class, STRINGCONVERTLIB is not defined and
therefore, the class definition will be equivalent to:

TStringConvert = class(TObject)
public
function ConvertString(AConvertType: TConvertType; AString: String):
String;

virtual; stdcall; abstract;
end;

Listing 9.15 is actually an include file named StrConvert.inc. The reason for placing this
object in an include file is to meet the third requirement in the preceding list—that the object
be equally defined in both the DLL and in the calling application. By placing the object in an
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include file, both the calling application and DLL can include this file. If changes are made to
the object, you only have to compile both projects instead of typing the changes twice—once
in the calling application and once in the DLL—which is error prone.

Observe the following definition of the ConvertSring() method:

function ConvertString(AConvertType: TConvertType; AString: String):
=»String; virtual; stdcall;

The reason you declare this method as virtual is not so that one can create a descendant object
that can then override the ConvertString() method. Instead, it’s declared as virtual so that an
entry to the ConvertString() method is made in the Virtual Method Table (VMT). We won’t
go into detail on the VMT here; it’s discussed in Chapter 13, “Hard-Core Techniques.” For
now, think of the VMT as a block of memory that holds pointers to virtual methods of an
object. Because of the VMT, the calling application can obtain a pointer to the method of the
object. Without declaring the method as virtual, the VMT would not have an entry for the
method, and the calling application would have no way of obtaining the pointer to the method.
So really, what you have in the calling application is a pointer to the function. Because you’ve
based this pointer on a method type defined in an object, Delphi automatically handles any fix-
ups, such as passing the implicit self parameter to the method.

Note the conditional define STRINGCONVERTLIB. When you’re exporting the object, the only
methods that need redefinition in the calling application are the methods to be accessed exter-
nally from the DLL. Also, these methods can be defined as abstract methods to avoid generat-
ing a compile-time error. This is valid because at runtime, these methods will be implemented
in the DLL code. The commentary shows what the TStringConvert object looks like on the
application side.

Listing 9.16 shows the implementation of the TStringConvert object.

LisTING 9.16 Implementation of the TStringConvert Object

unit StringConvertImp;
{$DEFINE STRINGCONVERTLIB}

interface

uses SysUtils;

{$I StrConvert.inc}

function InitStrConvert(APrepend, AAppend: String): TStringConvert; stdcall;

implementation

constructor TStringConvert.Create(APrepend, AAppend: String);
begin
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inherited Create;

FPrepend := APrepend;

FAppend AAppend;
end;

destructor TStringConvert.Destroy;
begin

inherited Destroy;
end;

function TStringConvert.ConvertString(AConvertType:
TConvertType; AString: String): String;

begin
case AConvertType of

ctUpper: Result := Format('%s%s%s', [FPrepend, UpperCase(AString),
FAppend]);
ctLower: Result := Format('%s%s%s', [FPrepend, LowerCase(AString),
FAppend]);

end;

end;

function InitStrConvert(APrepend, AAppend: String): TStringConvert;
begin

Result := TStringConvert.Create(APrepend, AAppend);
end;

end.

As stated in the conditions, the object must be created in the DLL. This is done in a standard
DLL exported function InitStrConvert (), which takes two parameters that are passed to the
constructor. We added this to illustrate how you would pass information to an object’s con-
structor through an interface function.

Also, notice that in this unit you declare the conditional directive STRINGCONVERTLIB. The rest
of this unit is self-explanatory. Listing 9.17 shows the DLL’s project file.

LisTING 9.17 The Project File for StringConvertLib.d11l

415

library StringConvertLib;
uses

ShareMem,

SysUtils,

Classes,

continues
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LisTING 9.17 Continued

StringConvertImp in 'StringConvertImp.pas’;

exports
InitStrConvert;
end.

Generally, this library doesn’t contain anything we haven’t already covered. Do note, however,
that you used the ShareMem unit. This unit must be the first unit declared in the library project
file as well as in the calling application’s project file. This is an extremely important thing to
remember.

Listing 9.18 shows an example of how to use the exported object to convert a string to both
uppercase and lowercase. You’ll find this demo project on the CD as StrConvertTest.dpr.

LisTING 9.18 The Demo Project for the String Conversion Object

unit MainFrm;

interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls;

{$I strconvert.inc}

type

TMainForm = class(TForm)
btnUpper: TButton;
edtConvertStr: TEdit;
btnLower: TButton;
procedure btnUpperClick(Sender: TObject);
procedure btnLowerClick(Sender: TObject);
private
public
end;
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function InitStrConvert(APrepend, AAppend: String): TStringConvert; stdcall;

external 'STRINGCONVERTLIB.DLL';
implementation
{$R *.DFM}
procedure TMainForm.btnUpperClick(Sender: TObject);
var

ConvStr: String;
FStrConvert: TStringConvert;

begin
FStrConvert := InitStrConvert('Upper ', ' end');
try
ConvStr := edtConvertStr.Text;

if ConvStr <> EmptyStr then
edtConvertStr.Text := FStrConvert.ConvertString(ctUpper,
finally
FStrConvert.Free;
end;
end;

procedure TMainForm.btnLowerClick(Sender: TObject);
var

ConvStr: String;

FStrConvert: TStringConvert;

begin
FStrConvert := InitStrConvert('Lower ', ' end');
try
ConvStr := edtConvertStr.Text;
if ConvStr <> EmptyStr then
edtConvertStr.Text := FStrConvert.ConvertString(ctLower,
finally
FStrConvert.Free;
end;
end;

end.

ConvStr);

ConvStr);
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Summary

DLLs are an essential part of creating Windows applications while focusing in on code

reusability. This chapter covered the reasons for creating or using DLLs. The chapter illustrated
how to create and use DLLs in your Delphi applications and showed different methods of load-
ing DLLs. The chapter discussed some of the special considerations you must take when using
DLLs with Delphi and showed you how to make DLL data sharable with different applications.

With this knowledge under your belt, you should be able to create DLLs with Delphi and use
them in your Delphi applications with ease. You’ll learn more about DLLs in other chapters.
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Printing in Windows has been the bane of many a Windows programmer. However, don’t be
discouraged; Delphi simplifies most of what you need to know for printing. You can write sim-
ple printing routines to output text or bitmapped images with little effort. For more complex
printing, a few concepts and techniques are all you really need to enable you to perform any
type of custom printing. When you have that, printing isn’t so difficult.

NoTE

You'll find a set of reporting components by QuSoft on the QReport page of the
Component Palette. The documentation for this tool is located in the help file
QuickRpt.hlp.

QuSoft’s tools are suitable for applications that generate complex reports. However,
they limit you from getting to the nuts and bolts of printing at the source-code level,
where you have more control over what gets printed. This chapter doesn’t cover
QuickReports; instead, it covers creating your own reports in Delphi.

Delphi’s TPrinter object, which encapsulates the Windows printing engine, does a great deal
for you that you would otherwise have to handle yourself.

This chapter teaches you how to perform a whole range of printing operations by using
TPrinter. You learn the simple tasks that Delphi has made much easier for generating print-
outs. You also learn the techniques for creating advanced printing routines that should start you
on your way to becoming a printing guru.

The TPrinter Object

The TPrinter object encapsulates the Windows printing interface, making most of the printing
management invisible to you. TPrinter’s methods and properties enable you to print onto its
canvas as though you were drawing your output to a form’s surface. The function Printer()
returns a global TPrinter instance the first time it’s called. TPrinter’s properties and methods
are listed in Tables 10.1 and 10.2.

TaBLE 10.1 TPrinter Properties

Property Purpose

Aborted Boolean variable that determines whether the user has aborted the print job.
Canvas The printing surface for the current page.

Fonts Contains a list of fonts supported by the printer.

Handle A unique number representing the printer’s device handle. See the sidebar

“Handles” in Chapter 20, “Key Elements of the Visual Component Library.”
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Property Purpose

Orientation Determines horizontal (poLandScape) or vertical (poPortrait) printing.

PageHeight Height, in pixels, of the printed page’s surface.

PageNumber Indicates the page being printed. This is incremented with each subsequent call
to TPrinter.NewPage().

PageWidth Width, in pixels, of the printed page’s surface.

PrinterIndex Indicates the selected printer from the available printers on the user’s system.

Printers A list of the available printers on the system.

Printing Determines whether a print job is printing.

Title Text appearing in the Print Manager and on networked pages.

TaBLE 10.2 TPrinter Methods

Method Purpose

Abort Terminates a print job.

BeginDoc Begins a print job.

EndDoc Ends a print job. (EndDoc ends a print job when printing is finished; Abort
can terminate the job before printing is complete.)

GetPrinter Retrieves the current printer.

NewPage Forces the printer to start printing on a new page and increments the
PageCount property.

SetPrinter Specifies a printer as a current printer.

TPrinter.Canvas

TPrinter.Canvas is much like the canvas for your form; it represents the drawing surface on
which text and graphics are drawn. The difference is that TPrinter.Canvas represents the
drawing surface for your printed output as opposed to your screen. Most of the routines you
use to draw text, to draw shapes, and to display images are used in the same manner for
printed output. When printing, however, you must take into account some differences:

* Drawing to the screen is dynamic—you can erase what you’ve placed on the screen’s
output. Drawing to the printer isn’t so flexible. What’s drawn to the TPrinter.Canvas is
printed to the printer.

» Drawing text or graphics to the screen is nearly instantaneous, whereas drawing to the
printer is slow, even on some high-performance laser printers. You therefore must allow

421

-
o

G IHd13Qg
NI ONILNI¥g



422

Advanced Techniques

PART Il

users to abort a print job either by using an Abort dialog box or by some other method
that enables them to terminate the print job.

e Because your users are running Windows, you can assume that their display supports
graphics output. However, you can’t assume the same for their printers. Different printers
have different capabilities. Some printers may be high-resolution printers; other printers
may be very low resolution and may not support graphics printing at all. You must take
this into account in your printing routines.

¢ You’ll never see an error message like this:
Display ran out of screen space,
please insert more screen space into your display.
But you can bet that you’ll see an error telling you that the printer ran out of paper.
Windows NT/2000 and Windows 95/98 both provide error handling when this occurs.
However, you should provide a way for the user to cancel the printout when this occurs.

e Text and graphics on your screen don’t look the same on hard copy. Printers and displays
have very different resolutions. That 300x300 bitmap might look spectacular on a
640x480 display, but it’s a mere 1x1-inch square blob on your 300 dpi (dots per inch)
laser printer. You’re responsible for making adjustments to your drawing routines so that
your users won’t need a magnifying glass to read their printed output.

Simple Printing

In many cases, you want to send a stream of text to your printer without any regard for special
formatting or placement of the text. Delphi facilitates simple printing, as the following sections
illustrate.

Printing the Contents of a TMemo Component

Printing lines of text is actually quite simple using the AssignPrn() procedure. The AssignPrn()
procedure enables you to assign a text file variable to the current printer. It’s used with the
Rewrite() and CloseFile() procedures. The following lines of code illustrate this syntax:

var
f: TextFile;
begin
AssignPrn(f);
try
Rewrite(f);
writeln(f,
finally

'Print the output');
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CloseFile(f);
end;
end;

Printing a line of text to the printer is the same as printing a line of text to a file. You use this
syntax:

writeln(f, 'This is my line of text');

In Chapter 16, “MDI Applications,” you add menu options for printing the contents of the
TMdiEditForm form. Listing 10.1 shows you how to print the contents from TMdiEditForm.
You’ll use this same technique for printing text from just about any source.

LisTinG 10.1 Printing Code for TMdiEditForm

423

procedure TMdiEditForm.mmiPrintClick(Sender: TObject);
var
i: integer;
PText: TextFile;
begin
inherited;
if PrintDialog.Execute then
begin
AssignPrn(PText);
Rewrite (PText);
try
Printer.Canvas.Font := memMainMemo.Font;
for i := @ to memMainMemo.Lines.Count -1 do
writeln(PText, memMainMemo.Lines[1i]);
finally
CloseFile(PText);
end;
end;
end;

Notice that the memo’s font also was assigned to the Printer’s font, causing the output to
print with the same font as memMainMemo.

CAUTION

Be aware that the printer will print with the font specified by Printer.Font only if
the printer supports that font. Otherwise, the printer will use a font that approxi-
mates the characteristics of the specified font.
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Printing a Bitmap
Printing a bitmap is simple as well. The MdiApp example in Chapter 16, “MDI Applications,”

shows how to print the contents of a bitmap in TMdiBmpForm. This event handler is shown in
Listing 10.2.

LisTING 10.2 Printing Code for TMdiBmpForm

procedure TMdiBMPForm.mmiPrintClick(Sender: TObject);
begin
inherited;

with ImgMain.Picture.Bitmap do
begin
Printer.BeginDoc;
Printer.Canvas.StretchDraw(Canvas.ClipRect, imgMain.Picture.Bitmap);
Printer.EndDoc;
end; { with }
end;

Only three lines of code are needed to print the bitmap using the TCanvas.StretchDraw()
method. This vast simplification of printing a bitmap is made possible by the fact that since
Delphi 3, bitmaps are in DIB format by default, and DIBs are what the printer driver requires.
If you happen to have a handle to a bitmap that isn’t in DIB format, you can copy (Assign) it
into a temporary TBitmap, force the temporary bitmap into DIB format by assigning bmDIB to
the TBitmap.HandleType property, and then print from the new DIB.

NoTE

One of the keys to printing is to be able to print images as they appear onscreen at
approximately the same size. A 3x3-inch image on a 640x480 pixel screen uses fewer
pixels than it would on a 300 dpi printer, for example. Therefore, stretch the image
to TPrinter’s canvas as was done in the example in the call to StretchDIBits().
Another technique is to draw the image using a different mapping mode, as
described in Chapter 8, “Graphics Programming with GDI and Fonts.” Keep in mind
that some older printers may not support the stretching of images. You can obtain
valuable information about the printer’s capabilities by using the Win32 API function
GetDeviceCaps().



Printing in Delphi 5

CHAPTER 10

Printing Rich Text-Formatted Data

Printing the contents of a TRichEdit component is a matter of one method call. The following
code shows how to do this (this is also the code for printing TMdiRtfForm in the MdiApp exam-
ple in Chapter 16, “MDI Applications”):

procedure TMdiRtfForm.mmiPrintClick(Sender: TObject);
begin

inherited;

reMain.Print(Caption);
end;

Printing a Form

Conceptually, printing a form can be one of the more difficult tasks to perform. However, this
task has been simplified greatly thanks to VCL’s Print () method of TForm. The following one-
line procedure prints your form’s client areas as well as all components residing in the client
area:

procedure TForm1.PrintMyForm(Sender: TObject);
begin

Print;
end;

NoTE

Printing your form is a quick-and-dirty way to print graphical output. However, only
what'’s visible onscreen will be printed, due to Windows' clipping. Also, the bitmap is
created at screen pixel density and then stretched to printer resolution. Text on the
form is not drawn at printer resolution; it's drawn at screen resolution and stretched,
so overall the form will be noticeably jagged and blocky. You must use more elabo-
rate techniques to print complex graphics; these techniques are discussed later in this
chapter.

Advanced Printing

Often you need to print something very specific that isn’t facilitated by the development tool
you’re using or a third-party reporting tool. In this case, you need to perform the low-level
printing tasks yourself. The next several sections show you how to write such printing routines
and present a methodology you can apply to all your printing tasks.
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NoTE

Although this section covers printing, you should know that at the time of this writing,
several third-party printing components are available that should handle most of your
printing needs. You'll find demos of some of these tools on the CD with this book.

Printing a Columnar Report

Many applications, particularly those using databases, print some type of report. One common
report style is the columnar report.

The next project prints a columnar report from one of the tables in Delphi’s demo directories.
Each page contains a header, column titles, and then the record list. Each subsequent page also
has the header and column titles preceding the record list.

Figure 10.1 shows the main form for this project. The TEdit/TUpDown pairs enable the user to
specify the column widths in tenths of inches. By using the TUpDown components, you can
specify minimum and maximum values. The TEdit1 control, edtHeaderFont, contains a
header that can be printed using a font that differs from the one used for the rest of the report.

i Delphi 5 Developer's Guide Columnar Report Example [_[CIx] |

File

Colurnn widths in Tenths of Inches

Header Header Font

LastMame [0 =~ cip [0 =
[fdtHeade Fort P =

FistName [0 = state [0 =]

T E=C
r‘ i Address o Hz A

LAST_NAME [FIRST_NAME ACCT_NBR [ADDRESS_1 [oiTy ﬂ
¥|Davie Jennifer 1023495 100 Cranbeny St Wellesley
I |Jones Arthur 2094056 10 Hunnewsl| 5t Los Altos
| Parker Debra 1209395 | 74 South 5t Atherton
| samer Dave 3094095 101 Oakland 5t Los Altos
[ Jwhite Cindy 1024034 |1 Wentwarth Dr Los Altos
I H

FiIGURe 10.1

Columnar report main form.
Listing 10.3 shows the source code for the project. The mmiPrintClick() event handler basi-

cally performs the following steps:

1. Initiates a print job.
2. Prints a header.

3. Prints column names.
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4. Prints a page.
5. Continues steps 2, 3, and 4 until printing finishes.

6. Ends the print job.

ListiING 10.3 Columnar Report Demo

unit MainFrm;
interface

uses
SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,
Forms, Dialogs, Grids, DBGrids, DB, DBTables, Menus, StdCtrls, Spin,
Gauges, ExtCtrls, ComCtrls;

type

TMainForm = class(TForm)

{ components not included in listing,
please refer to CD source }

procedure mmiPrintClick(Sender: TObject);
procedure btnHeaderFontClick(Sender: TObject);

private
PixelsInInchx: integer;
LineHeight: Integer;
{ Keeps track of vertical space in pixels, printed on a page }
AmountPrinted: integer;
{ Number of pixels in 1/10 of an inch. This is used for line spacing }
TenthsOfInchPixelsY: integer;
procedure PrintLine(Items: TStringlList);
procedure PrintHeader;
procedure PrintColumnNames;

end;

var
MainForm: TMainForm;

implementation
uses printers, AbortFrm;

{$R *.DFM}

procedure TMainForm.PrintLine(Items: TStringList);
var

OutRect: TRect;

Inches: double;

i: integer;

continues
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LisTiINnG 10.3 Continued

begin
// First position the print rect on the print canvas
OutRect.Left := 0;
OutRect.Top := AmountPrinted;
OutRect.Bottom := OutRect.Top + LineHeight;
With Printer.Canvas do
for i := @ to Items.Count - 1 do
begin
Inches := longint(Items.Objects[i]) * 0.1;
// Determine Right edge
OutRect.Right := OutRect.Left + round(PixelsInInchx*Inches);
if not Printer.Aborted then
// Print the line
TextRect (OutRect, OutRect.Left, OutRect.Top, Items[i]);
// Adjust right edge
OutRect.Left := OutRect.Right;
end;
{ As each line prints, AmountPrinted must increase to reflect how
much of a page has been printed on based on the line height. }
AmountPrinted := AmountPrinted + TenthsOfInchPixelsY*2;
end;

procedure TMainForm.PrintHeader;
var
SaveFont: TFont;
begin
{ Save the current printer's font, then set a new print font based
on the selection for Edit1 }
SaveFont := TFont.Create;
try
Savefont.Assign(Printer.Canvas.Font);
Printer.Canvas.Font.Assign(edtHeaderFont.Font);
// First print out the Header
with Printer do
begin
if not Printer.Aborted then
Canvas.TextOut((PageWidth div 2) - (Canvas.TextWidth(edtHeaderFont.Text)
div 2),0, edtHeaderFont.Text);
// Increment AmountPrinted by the LineHeight
AmountPrinted := AmountPrinted + LineHeight+TenthsOfInchPixelsY;
end;
// Restore the old font to the Printer's Canvas property
Printer.Canvas.Font.Assign(SaveFont);
finally
SaveFont.Free;



Printing in Delphi 5

CHAPTER 10

end;
end;

procedure TMainForm.PrintColumnNames;
var
ColNames: TStringList;
begin
{ Create a TStringList to hold the column names and the
positions where the width of each column is based on values
in the TEdit controls. }
ColNames := TStringList.Create;

try
// Print the column headers using a bold/underline style
Printer.Canvas.Font.Style := [fsBold, fsUnderline];

with ColNames do

begin
// Store the column headers and widths in the TStringlList object
AddObject('LAST NAME', pointer(StrToInt(edtLastName.Text)));

AddObject('FIRST NAME', pointer(StrToInt(edtFirstName.Text)));
AddObject('ADDRESS', pointer(StrToInt(edtAddress.Text)));
AddObject('CITY"', pointer(StrToInt(edtCity.Text)));
AddObject('STATE', pointer(StrToInt(edtState.Text)));
AddObject('ZIP', pointer(StrToInt(edtZip.Text)));

end;

PrintLine (ColNames);

Printer.Canvas.Font.Style := [];
finally

ColNames.Free; /! Free the column name TStringlList instance
end;

end;

procedure TMainForm.mmiPrintClick(Sender: TObject);
var
Items: TStringlList;
begin
{ Create a TStringList instance to hold the fields and the widths
of the columns in which they'll be drawn based on the entries in
the edit controls }
Items := TStringList.Create;
try
// Determine pixels per inch horizontally
PixelsInInchx := GetDeviceCaps(Printer.Handle, LOGPIXELSX);
TenthsOfInchPixelsY := GetDeviceCaps(Printer.Handle,
LOGPIXELSY) div 10;

continues
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LisTiINnG 10.3 Continued

AmountPrinted := 0;
MainForm.Enabled := False; // Disable the parent form
try
Printer.BeginDoc;
AbortForm.Show;
Application.ProcesshMessages;
{ Calculate the line height based on text height using the
currently rendered font }
LineHeight := Printer.Canvas.TextHeight('X')+TenthsOfInchPixelsY;
if edtHeaderFont.Text <> '' then
PrintHeader;
PrintColumnNames;
tblClients.First;
{ Store each field value in the TStringList as well as its
column width }
while (not tblClients.Eof) or Printer.Aborted do
begin

Application.ProcessMessages;
with Items do
begin
AddObject(tblClients.FieldByName('LAST_NAME') .AsString,
pointer (StrToInt(edtLastName.Text)));
AddObject(tblClients.FieldByName('FIRST_NAME').AsString,
pointer(StrToInt(edtFirstName.Text)));
AddObject(tblClients.FieldByName ('ADDRESS_1').AsString,
pointer(StrToInt(edtAddress.Text)));
AddObject(tblClients.FieldByName('CITY').AsString,
pointer(StrToInt(edtCity.Text)));
AddObject(tblClients.FieldByName('STATE').AsString,
pointer(StrToInt(edtState.Text)));
AddObject(tblClients.FieldByName('ZIP').AsString,
pointer(StrTolInt(edtZip.Text)));
end;
PrintLine(Items);
{ Force print job to begin a new page if printed output has
exceeded page height }
if AmountPrinted + LineHeight > Printer.PageHeight then
begin
AmountPrinted := 0;
if not Printer.Aborted then
Printer.NewPage;
PrintHeader;
PrintColumnNames;
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end;
Items.Clear;
tblClients.Next;
end;
AbortForm.Hide;
if not Printer.Aborted then
Printer.EndDoc;
finally
MainForm.Enabled := True;
end;
finally
Items.Free;
end;
end;

procedure TMainForm.btnHeaderFontClick(Sender: TObject);
begin
{ Assign the font selected with FontDialogl to Edit1. }
FontDialog.Font.Assign(edtHeaderFont.Font);
if FontDialog.Execute then
edtHeaderFont.Font.Assign(FontDialog.Font);
end;

end.

mmiPrintClick () first creates a TStringList instance to hold the strings for a line to be
printed. Then the number of pixels per inch along the vertical axis is determined in
PixelsPerInchX, which is used to calculate column widths. TenthsOfInchPixelsY is used to
space each line by 0.1 inch. AmountPrinted holds the total amount of pixels along the printed
surface’s vertical axis for each line printed. This is required to determine whether to start a new
page when AmountPrinted exceeds Printer.PageHeight.

If a header exists in edtHeaderFont.Text, it’s printed in PrintHeader (). PrintColumnNames ()
prints the names of the columns for each field to be printed. (These two procedures are dis-
cussed later in this section.) Finally, the table’s records are printed.

The following loop increments through tb1Clients records and prints selected fields within
each of the records:

while (not tblClients.Eof) or Printer.Aborted do begin

Within the loop, the field values are added to the TStringList using the AddObject () method.
Here, you store both the string and the column width. The column width is added to the
Items.Objects array property. Items is then passed to the PrintLine() procedure, which
prints the strings in a columnar format.
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In much of the previous code, you saw references to Printer.Aborted. This is a test to deter-
mine whether the user has aborted the print job, which is covered in the next section.

Tip

The TStrings and TStringlList’'s Objects array properties are a convenient place to
store integer values. Using AddObject () or InsertObject(), you can hold any num-
ber up to MaxLongInt. Because AddObject() expects a TObject reference as its second
parameter, you must typecast that parameter as a pointer, as shown in the following
code:

MyList.AddObject('SomeString', pointer(Somelnteger));
To retrieve the value, use a Longint typecast:

MyInteger := Longint(MyList.Objects[Index]);

The event handler then determines whether printing a new line will exceed the page height:
if AmountPrinted + LineHeight > Printer.PageHeight then

If this evaluates to True, AmountPrinted is set back to @, Printer.NewPage is invoked to print
a new page, and the header and column names are printed again. Printer.EndDoc is called to
end the print job after the tb1Clients records have printed.

The PrintHeader () procedure prints the header centered at the top of the report using
edtHeaderFont.Text and edtHeaderFont.Font. AmountPrinted is then incremented and
Printer’s font is restored to its original style.

As the name implies, PrintColumnNames () prints the column names of the report. In this
method, names are added to a TStringList object, ColNames, which then is passed to
PrintLine (). Notice that the column names are printed in a bold, underlined font. Setting
Printer.Canvas.Font accordingly does this.

The PrintLine() procedure takes a TStringlList argument called Items and prints each string
in Items on a single line in a columnar manner. The variable OutRect holds values for a bind-
ing rectangle at a location on Printer’s canvas to which the text is drawn. OutRect is passed
to TextRect (), along with the text to draw. By multiplying Items.Object[i] by 0.1,
OutRect.Right’s value is obtained because Items.Objects[i] is in tenths of inches. Inside the
for loop, OutRect is recalculated along the same X-axis to position it to the next column and
draw the next text value. Finally, AmountPrinted is incremented by LineHeight +
TenthsOfInchPixelsY.

Although this report is fully functional, you might consider extending it to include a footer,
page numbers, and even margin settings.
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Aborting the Printing Process

Earlier in this chapter, you learned that your users need a way to terminate printing after
they’ve initiated it. The TPrinter.Abort () procedure and the Aborted property help you do
this. The code in Listing 10.3 contains such logic. To add abort logic to your printing routines,
your code must meet these three conditions:

* You must establish an event that, when activated, calls Printer.Abort, thus aborting the
printing process.

* You must check for TPrinter.Aborted = True before calling any of TPrinter’s print
functions, such as TextOut (), NewPage (), and EndDoc ().

* You must end your printing logic by checking the value of TPrinter.Aborted for True.

A simple Abort dialog box can satisfy the first condition. You used such a dialog box in the
preceding example. This dialog box should contain a button that will invoke the abort process.

This button’s event handler should simply call TPrinter.Abort, which terminates the print job
and cancels any printing requests made to TPrinter.

In the unit MainForm.pas, examine the code to show AbortForm shortly after calling
TPrinter.Begindoc():

Printer.BeginDoc;
AbortForm.Show;
Application.ProcessMessages;

Because AbortForm is shown as a modeless dialog box, the call to
Application.ProcessMessages ensures that it’s drawn properly before any processing of the
printing logic continues.

To satisfy the second condition, the test for Printer.Aborted = True is performed before
calling any TPrinter methods. The Aborted property is set to True when the Abort () method
is called from AbortForm. As an example, before you call Printer.TextRect, check for
Aborted = True:

if not Printer.Aborted then
TextRect (OutRect, OutRect.Left, OutRect.Top, Items[i]);

Also, you shouldn’t call EndDoc () or any of TPrinter.Canvas’s drawing routines after calling
Abort (), because the printer has been effectively closed.

To satisfy the third condition in this example, while not Table.Eof also checks whether the
value of Printer.Aborted is True, which causes execution to jump out of the loop where the
print logic is executed.
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Printing Envelopes

The preceding example showed you a method for printing a columnar report. Although this
technique was somewhat more complicated than sending a series of writeln() calls to the
printer, it’s still, for the most part, a line-by-line print. Printing envelopes introduces a few fac-
tors that complicate things a bit further and are common to most types of printing you’ll do in
Windows. First, the objects (items) you must print probably need to be positioned at some spe-
cific location on the printed surface. Second, the items’ metrics, or units of measurement, can
be completely different from those of the printer canvas. Taking these two factors into account,
printing becomes much more than just printing a line and keeping track of how much print
space you’ve used.

This envelope-printing example shows you a step-by-step process you can use to print just
about anything. Keep in mind that everything drawn on the printer’s canvas is drawn within
some bounding rectangle on the canvas or to specific points on the printer canvas.

Printing in the Abstract

Think of the printing task in a more abstract sense for a moment. In all cases, two things are
certain: You have a surface on which to print, and you have one or more elements to plot onto
that surface. Take a look at Figure 10.2.

Plane B

Plane A

[ |PlaneC

FiGure 10.2

Three planes.

In Figure 10.2, Plane A is your destination surface. Planes B and C are the elements you want
to superimpose (print) onto Plane A. Assume a coordinate system for each plane where the unit
of measurement increases as you travel east along the X-axis and south along the Y-axis—that
is, unless you live in Australia. Figure 10.3 depicts this coordinate system. The result of com-
bining the planes is shown in Figure 10.4.
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Ficure 10.3

The Plane A, B, and C coordinate system.

—r—Plane B

B—— Plane C

——Plane A

Ficure 10.4
Planes B and C superimposed on Plane A.

Notice that Planes B and C were rotated by 90 degrees to achieve the final result. So far, this
doesn’t appear to be too bad. Given that your planes are measured using the same unit of mea-
surement, you can easily draw out these rectangles to achieve the final result with some simple
geometry. But what if they’re not the same unit of measurement?

Suppose that Plane A represents a surface for which the measurements are given in pixels. Its
dimensions are 2,550x3,300 pixels. Plane B is measured in inches: 6%x3% inches. Suppose
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that you don’t know the dimensions for Plane C; you do know, however, that it’s measured
in pixels, and you’ll know its measurements later. These measurements are illustrated in
Figure 10.5.

2550 pixels
6-1/2in
3-%4in
3300
pixels ?
1~
Pixels

FiGUure 10.5

Plane measurements.

This abstraction illustrates the problem associated with printing. In fact, it illustrates the very
task of printing an envelope. Plane A represents a printer’s page size on a 300 dpi printer (at
300 dpi, 8%2x11 inches equals 2,550x3,300 pixels). Plane B represents the envelope’s size in
inches, and Plane C represents the bounding rectangle for the text making up the address. Keep
in mind, however, that this abstraction isn’t tied to just envelopes. Planes B and C might repre-
sent TImage components measured in millimeters.

By looking at this task in its abstraction, you’ve achieved the first three steps to printing in
Windows: Identify each element to print, identify the unit of measurement for the destination
surface, and identify the units of measurement for each individual element to be plotted onto
the destination surface.

Now consider another twist—literally. When you’re printing an envelope in a vertical fashion,
the text must rotate vertically.

A Step-by-Step Process for Printing
The following list summarizes the process you should follow when laying out your printed out-
put in code:

1. Identify each element to be printed to the destination surface.

2. Identify the unit of measurement for the destination surface or printer canvas.
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3. Identify the units of measurement for each individual element to be plotted onto the des-
tination surface.

4. Decide on the common unit of measurement with which to perform all drawing routines.
Almost always, this will be the printer canvas’s units—pixels.

5. Write the translation routines to convert the other units of measurement to that of the
common unit of measurement.

6. Write the routines to calculate the size for each element to print in the common unit of
measurement. In Object Pascal, this can be represented by a TPoint structure. Keep in
mind dependencies on other values. For example, the address’s bounding rectangle is
dependent on the envelope’s position. Therefore, the envelope’s data must be calculated
first.

7. Write the routines to calculate the position of each element as it will appear on the
printer canvas, based on the printer canvas’s coordinate system and the sizes obtained
from step 6. In Object Pascal, this can be represented by a TRect structure. Again, keep
dependencies in mind.

8. Write your printing function, using the data gathered from the previous steps, to position
items on the printed surface.

NoTE

Steps 5 and 6 can be achieved by using a technique of performing all drawing in a
specific mapping mode. Mapping modes are discussed in Chapter 8, “Graphics
Programming with GDI and Fonts."”

Getting Down to Business

Given the step-by-step process, your task of printing an envelope should be much clearer.
You’ll see this in the envelope-printing project. The first step is to identify the elements to print
or represent. The elements for the envelope example are the envelope, itself, and the address.

In this example, you learn how to print two standard envelope sizes: a size 10 and a size 6%.
The following record holds the envelope sizes:

type

TEnvelope = record
Kind: string; /] Stores the envelope type's name
Width: double; // Holds the width of the envelope
Height: double; // Holds the height of the envelope
end;
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const
// This constant array stores envelope types
EnvArray: array[1..2] of TEnvelope =
((Kind:'Size 10';Width:9.5;Height:4.125), /] 9-1/2 x 4-1/8
(Kind:'Size 6-3/4';Width:6.5;Height:3.625)); // 6-1/2 x 3-3/4

Steps 2 and 3 are covered: You know that the destination surface is the TPrinter.Canvas,
which is represented in pixels. The envelopes are represented in inches, and the address is rep-
resented in pixels. Step 4 requires you to select a common unit of measurement. For this pro-
ject, you use pixels as the common unit of measurement.

For step 5, the only units you need to convert are from inches to pixels. The GetDeviceCaps ()
Win32 API function can return the amount of pixels per one inch along the horizontal and ver-
tical axis for Printer.Canvas:

PixPerInX := GetDeviceCaps(Printer.Handle, LOGPIXELSX);
PixPerInY := GetDeviceCaps(Printer.Handle, LOGPIXELSY);

To convert the envelope’s size to pixels, you just multiply the number of inches by PixPerInX
or PixPerInY to get the horizontal or vertical measurement in pixels:

EnvelopeWidthInPixels := trunc(EnvelopeWidthValue * PixPerInX);
EnvelopeHeightInPixels := trunc(EnvelopeHeightValue * PixPerlInY);

Because the envelope width or height can be a fractional value, it’s necessary to use the
Trunc () function to return the integer portion of the floating-point type rounded toward zero.

The sample project demonstrates how you would implement steps 6 and 7. The main form for
this project is shown in Figure 10.6; Listing 10.4 shows the source code for the envelope-
printing project.

#i Delphi 5 Developer's Guide Print Envelope Example
Erint It

Feed Type
& Left Horizontal

C Left Vertical

~Envelope Sz
& Szeld € Right Horizontal

C Size 6374 " Right Vertical

Addiessee:

This Person

123 First Street
This City, 5T 95353

e

FiGUure 10.6

The main form for the envelope demo.
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unit MainFrm;

interface

uses

SysUtils, WinTypes, WinProcs, Messages, Classes, Graphics, Controls,

Forms, Dialogs, printers, StdCtrls, ExtCtrls, Menus, ComCtrls;

type

TEnvelope = record
Kind: string; /| Stores the envelope type's name
Width: double; // Holds the width of the envelope
Height: double; // Holds the height of the envelope
end;

const

// This constant array stores envelope types
EnvArray: array[1..2] of TEnvelope =

((Kind:'Size 10';Width:9.5;Height:4.125), /] 9-1/2 x 4-1/8
(Kind:'Size 6-3/4';Width:6.5;Height:3.625)); // 6-1/2 x 3-3/4

type

// This enumerated type represents printing positions.

TFeedType = (epLHorz, epLVert, epRHorz, epRVert);

TPrintPrevPanel = class(TPanel)
public

property Canvas; // Publicize the Canvas property
end;

TMainForm = class(TForm)
gbEnvelopeSize: TGroupBox;
rbSize10: TRadioButton;
rbSize6: TRadioButton;
mmMain: TMainMenu;
mmiPrintIt: TMenulItem;
1blAdressee: TLabel;
edtName: TEdit;
edtStreet: TEdit;
edtCityState: TEdit;
rgFeedType: TRadioGroup;
PrintDialog: TPrintDialog;

continues
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LisTiING 10.4 Continued

procedure FormCreate(Sender: TObject);
procedure rgFeedTypeClick(Sender: TObject);
procedure mmiPrintItClick(Sender: TObject);

private
PrintPrev: TPrintPrevPanel; // Print preview panel
EnvSize: TPoint; // Stores the envelope's size
EnvPos: TRect; // Stores the envelope's position
ToAddrPos: TRect; // Stores the address's position

FeedType: TFeedType; // Stores the feed type from TEnvPosition
function GetEnvelopeSize: TPoint;
function GetEnvelopePos: TRect;
function GetToAddrSize: TPoint;
function GetToAddrPos: TRect;
procedure Drawlt;
procedure RotatePrintFont;
procedure SetCopies(Copies: Integer);
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

function TMainForm.GetEnvelopeSize: TPoint;
// Gets the envelope's size represented by a TPoint
var
EnvW, EnvH: integer;
PixPerInX,
PixPerInY: integer;
begin
// Pixels per inch along the horizontal axis
PixPerInX := GetDeviceCaps(Printer.Handle, LOGPIXELSX) ;
// Pixels per inch along the vertical axis
PixPerInY := GetDeviceCaps(Printer.Handle, LOGPIXELSY);

/] Envelope size differs depending on the user's selection
if RBSize1@.Checked then

begin
EnvW := trunc(EnvArray[1].Width * PixPerInX);
EnvH := trunc(EnvArray[1].Height * PixPerInY);
end
else begin

EnvW := trunc(EnvArray[2].Width * PixPerInX);
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EnvH := trunc(EnvArray[2].Height * PixPerInY);
end;

// return Result as a TPoint record
Result := Point(EnvW, EnvH)
end;

function TMainForm.GetEnvelopePos: TRect;
{ Returns the envelope's position relative to its feed type. This
function requires that the variable EnvSize be initialized }
begin
// Determine feed type based on user's selection.
FeedType := TFeedType(rgFeedType.ItemIndex);

{ Return a TRect structure indicating the envelope's
position as it is ejected from the printer. }
case FeedType of

epLHorz:

Result := Rect(@, 0, EnvSize.X, EnvSize.Y);
epLVert:

Result := Rect(@, 0, EnvSize.Y, EnvSize.X);
epRHorz:

Result := Rect(Printer.PageWidth - EnvSize.X, 0O,
=Printer.PageWidth, EnvSize.Y);
epRVert:
Result := Rect(Printer.PageWidth - EnvSize.Y, 0,
=wPrinter.PageWidth, EnvSize.X);
end; // Case
end;

function MaxLn(V1, V2: Integer): Integer;
// Returns the larger of the two. If equal, returns the first
begin
Result := Vi; // Default result to V1 }
if V1 < V2 then
Result := V2
end;

function TMainForm.GetToAddrSize: TPoint;

var
TempPoint: TPoint;

begin
// Calculate the size of the longest line using the MaxLn() function
TempPoint.x := Printer.Canvas.TextWidth(edtName.Text);
TempPoint.x := MaxLn(TempPoint.x, Printer.Canvas.TextWidth(edtStreet.Text));
TempPoint.x := MaxLn(TempPoint.x,

continues
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LisTiING 10.4 Continued

Printer.Canvas.TextWidth(edtCityState.Text))+10;

// Calculate the height of all the address lines
TempPoint.y := Printer.Canvas.TextHeight(edtName.Text)+
=Printer.Canvas.TextHeight(edtStreet.Text)+
=Printer.Canvas.TextHeight (edtCityState.Text)+10;
Result := TempPoint;
end;

function TMainForm.GetToAddrPos: TRect;
// This function requires that EnvSize, and EnvPos be initialized
Var
TempSize: TPoint;
LT, RB: TPoint;
begin

// Determine the size of the Address bounding rectangle

TempSize := GetToAddrSize;

{ Calculate two points, one representing the Left Top (LT) position
and one representing the Right Bottom (RB) position of the
address's bounding rectangle. This depends on the FeedType }

case FeedType of
epLHorz:

begin
LT := Point((EnvSize.x div 2) - (TempSize.x div 2),
((EnvSize.y div 2) - (TempSize.y div 2)));
RB := Point(LT.x + TempSize.x, LT.y + TempSize.Y);
end;
epLVert:
begin
LT := Point((EnvSize.y div 2) - (TempSize.y div 2),
((EnvSize.x div 2) - (TempSize.x div 2)));
RB := Point(LT.x + TempSize.y, LT.y + TempSize.x);
end;
epRHorz:
begin
LT := Point((EnvSize.x div 2) - (TempSize.x div 2) + EnvPos.Left,
((EnvSize.y div 2) - (TempSize.y div 2)));
RB := Point(LT.x + TempSize.x, LT.y + TempSize.Y);
end;
epRVert:
begin
LT := Point((EnvSize.y div 2) - (TempSize.y div 2) + EnvPos.Left,
((EnvSize.x div 2) - (TempSize.x div 2)));
RB := Point(LT.x + TempSize.y, LT.y + TempSize.x);
end;
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end; // End Case

Result := Rect(LT.x, LT.y, RB.x, RB.y);
end;

procedure TMainForm.DrawIt;
// This procedure assumes that EnvPos and EnvSize have been initialized
begin
PrintPrev.Invalidate; // Erase contents of Panel
PrintPrev.Update;
// Set the mapping mode for the panel to MM_ISOTROPIC
SetMapMode (PrintPrev.Canvas.Handle, MM_ISOTROPIC);
// Set the TPanel's extent to match that of the printer boundaries.
SetWindowExtEx (PrintPrev.Canvas.Handle,
Printer.PageWidth, Printer.PageHeight, nil);
// Set the viewport extent to that of the PrintPrev TPanel size.
SetViewPortExtEx(PrintPrev.Canvas.Handle,
PrintPrev.Width, PrintPrev.Height, nil);
// Set the origin to the position at 0, 0
SetViewportOrgex(PrintPrev.Canvas.Handle, 0, 0, nil);
PrintPrev.Brush.Style := bsSolid;

with EnvPos do
// Draw a rectangle to represent the envelope
PrintPrev.Canvas.Rectangle(Left, Top, Right, Bottom);

with ToAddrPos, PrintPrev.Canvas do
case FeedType of
epLHorz, epRHorz:
begin
Rectangle(Left, Top, Right, Top+2);
Rectangle(Left, Top+(Bottom-Top) div 2, Right,
=Top+(Bottom-Top) div 2+2);
Rectangle(Left, Bottom, Right, Bottom+2);
end;
epLVert, epRVert:
begin
Rectangle(Left, Top, Left+2, Bottom);
Rectangle(Left + (Right-Left)div 2, Top,
=l eft + (Right-Left)div 2+2, Bottom);
Rectangle(Right, Top, Right+2, Bottom);
end;
end; // case
end;

procedure TMainForm.FormCreate(Sender: TObject);

continues
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var
Ratio: double;

begin
// Calculate a ratio of PageWidth to PageHeight
Ratio := Printer.PageHeight / Printer.PageWidth;

// Create a new TPanel instance

with TPanel.Create(self) do

begin
SetBounds (15, 15, 203, trunc(203*Ratio));
Color := clBlack;

BevelInner := bvNone;
BevelQuter := bvNone;
Parent := self;

end;

// Create a Print preview panel
PrintPrev := TPrintPrevPanel.Create(self);

with PrintPrev do

begin
SetBounds (10, 10, 200, trunc(200*Ratio));
Color := clWhite;

BevelInner := bvNone;
BevelQuter := bvNone;
BorderStyle := bsSingle;
Parent := self;

end;

end;

procedure TMainForm.rgFeedTypeClick(Sender: TObject);

begin
EnvSize := GetEnvelopeSize;
EnvPos := GetEnvelopePos;
ToAddrPos := GetToAddrPos;
DrawIt;

end;

procedure TMainForm.SetCopies(Copies: Integer);
var

ADevice, ADriver, APort: String;

ADeviceMode: THandle;

DevMode: PDeviceMode;
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begin

SetLength(ADevice, 255);
SetLength(ADriver, 255);
SetLength(APort, 255);

{ If ADeviceMode is zero, a printer driver is not loaded.

setting PrinterIndex forces the driver to load. }
if ADeviceMode = 0 then
begin
Printer.PrinterIndex := Printer.PrinterIndex;
Printer.GetPrinter (PChar (ADevice), PChar(ADriver),
=PChar (APort), ADeviceMode);
end;

if ADeviceMode <> @ then

begin
DevMode := GloballLock(ADeviceMode);
try
DevMode”.dmFields := DevMode”.dmFields or DM_Copies;
DevMode”.dmCopies := Copies;
finally
GlobalUnlock (ADeviceMode) ;
end;
end
else

raise Exception.Create('Could not set printer copies');

end;

procedure TMainForm.mmiPrintItClick(Sender: TObject);
var
TempHeight: integer;
SaveFont: TFont;
begin
if PrintDialog.Execute then
begin
/] Set the number of copies to print
SetCopies(PrintDialog.Copies);
Printer.BeginDoc;
try
// Calculate a temporary line height

CHAPTER 10

Therefore,

TempHeight := Printer.Canvas.TextHeight(edtName.Text);

with ToAddrPos do
begin

{ When printing vertically, rotate the font such that it paints

at a 90 degree angle. }

if (FeedType = eplVert) or (FeedType = epRVert) then

continues
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begin
SaveFont := TFont.Create;
try
// Save the original font
SaveFont.Assign(Printer.Canvas.Font);
RotatePrintFont;
// Write out the address lines to the printer's Canvas
Printer.Canvas.TextOut(Left, Bottom, edtName.Text);
Printer.Canvas.TextOut (Left+TempHeight+2, Bottom,
wedtStreet.Text);
Printer.Canvas.TextOut (Left+TempHeight*2+2, Bottom,
wedtCityState.Text);
// Restore the original font
Printer.Canvas.Font.Assign(SaveFont);
finally
SaveFont.Free;
end;
end
else begin
{ If the envelope is not printed vertically, then
just draw the address lines normally. }
Printer.Canvas.TextOut(Left, Top, edtName.Text);
Printer.Canvas.TextOut(Left, Top+TempHeight+2, edtStreet.Text);
Printer.Canvas.TextOut(Left, Top+TempHeight*2+2,
wedtCityState.Text);
end;
end;
finally
Printer.EndDoc;
end;
end;
end;

procedure TMainForm.RotatePrintFont;

var
LogFont: TLogFont;
begin
with Printer.Canvas do
begin
with LogFont do
begin

1fHeight := Font.Height; // Set to Printer.Canvas.font.height
1fwidth := 0; // let font mapper choose width
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1fEscapement := 900; // tenths of degrees so 900 = 90 degrees
1fOrientation := 1fEscapement; // Always set to value of 1fEscapement
1fWeight := FW_NORMAL; /| default
1fItalic := 0; // no italics
1fUnderline := 0; // no underline
1fStrikeOut := 0; // no strikeout

1fCharSet := ANSI_CHARSET; //default

StrPCopy(1fFaceName, Font.Name); // Printer.Canvas's font's name
1fQuality := PROOF_QUALITY;

1fOutPrecision := OUT_TT_ONLY_PRECIS; // force TrueType fonts
1fClipPrecision := CLIP_DEFAULT PRECIS; // default

1fPitchAndFamily := Variable Pitch; // default
end;
end;
Printer.Canvas.Font.Handle := CreateFontIndirect(LogFont);
end;
end.

When the user clicks one of the radio buttons in gbEnvelopeSize or gbFeedType, the
FeedTypeClick() event handler is called. This event handler calls the routines to calculate the
envelope’s size and position based on the radio button choices.

The address rectangle’s size and position also are calculated in these event handlers. This rec-
tangle’s width is based on the longest text width of the text in each of the three TEdit compo-
nents. The rectangle’s height consists of the combined height of the three TEdit components.

All calculations are based on Printer.Canvas’s pixels. mmiPrintItClick() contains logic to
print the envelope based on the choices selected. Additional logic to handle font rotation when
the envelope is positioned vertically is also provided. Additionally, a pseudo—print preview is
created in the FormCreate () event handler. This print preview is updated as the user selects the
radio buttons.

The TFeedType enumerated type represents each position of the envelope as it may feed out of
the printer:

TFeedType = (epLHorz, epLVert, epRHorz, epRVert);

TMainForm contains variables to hold the envelope’s size and position, the address’s TRect size
and position, and the current TFeedType.

TMainForm declares the methods GetEnvelopeSize (), GetEnvelopePos(), GetToAddrSize(),
and GetToAddrPos () to determine the various measurements for elements to be printed, as
specified in steps 6 and 7 of this chapter’s model.
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In GetEnvelopeSize (), the GetDeviceCaps () function is used to convert the envelope size in
inches to pixels, based on the selection from gbEnvelopeSize. GetEnvelopPos() determines the
position of the envelope on TPrinter.Canvas, based on Printer.Canvas’s coordinate system.

GetToAddrSize () calculates the size of the address’s bounding rectangle, based on the mea-
surements of text contained in the three TEdit components. Here, Printer.Canvas’s
TextHeight () and TextWidth () methods are used to determine these sizes. The function
MaxLn () is a helper function used to determine the longest text line of the three TEdit compo-
nents, which is used as the rectangle’s width. You can also use the Max () function from the
Math.pas unit to determine the longest text line.

GetToAddrPos () calls GetToAddrSize() and uses the returned value to calculate the address’s
bounding rectangle’s position on Printer.Canvas. Note that the envelope’s size and placement
are needed for this function to position the address rectangle properly.

The mmiPrintItClick () event handler performs the actual printing logic. First, it initializes
printing with the BeginDoc () method. Then it calculates a temporary line height used for text
positioning. It determines the TFeedType, and if it’s one of the vertical types, saves the printer’s
font and calls the method RotatePrintFont (), which rotates the font 90 degrees. When it
returns form RotatePrintFont (), it restores Printer.Canvas’s original font. If the TFeedType
is one of the horizontal types, it performs the TextOut () calls to print the address. Finally,
mmiPrintItClick() ends printing with the EndDoc () method.

RotatePrintFont() creates a TLogFont structure and initializes its various values obtained
from Printer.Canvas and other default values. Notice the assignment to its 1fEscapement
member. Remember from Chapter 8, “Graphics Programming with GDI and Fonts,” that
1fEscapement specifies an angle in tenths of degrees at which the font is to be drawn. Here,
you specify to print the font at a 90-degree angle by assigning 900 to 1fEscapement. One thing
to note here is that only TrueType fonts can be rotated.

A Simple Print Preview

Often, a good way to help your users not make a mistake by choosing the wrong selection is to
enable them to view what the printed output would look like before actually printing. The pro-
ject in this section contains a print preview panel. You did this by constructing a descendant
class of TPanel and publicizing its Canvas property:

TPrintPrevPanel = class(TPanel)
public

property Canvas; // Publicize this property
end;

The FormCreate () event handler performs the logic to instantiate a TPrintPrevPanel. The fol-
lowing line determines the ratio of the printer’s width to its height:
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Ratio := Printer.PageHeight / Printer.PageWidth;
This ratio is used to calculate the width and height for the TPrintPrevPanel instance.

Before the TPrintPrevPanel is created, however, a regular TPanel with a black color is created
to serve as a shadow to the TPrintPrevPanel instance, PrintPrev. Its boundaries are adjusted
so that they’re slightly to the right of and below the PrintPrev’s boundaries. The effect is that it
gives PrintPrev a three-dimensional look with a shadow behind it. PrintPrev is used primarily
to show how the envelope would be printed. The routine DrawIt () performs this logic.

TEnvPrintForm.DrawIt () calls PrintPrev.Invalidate to erase its previous contents. Then it
calls PrintPrev.Update() to ensure that the paint message is processed before executing the
remaining code. It then sets PrintPrev’s mapping mode to MM_ISOTROPIC to allow it to accept
arbitrary extents along the X- and Y-axes. SetWindowExt () sets PrintPrev’s windows’ extents
to those of Printer.Canvas, and SetViewPortExt() sets PrintPrev’s viewport extents to its
own height and width (see Chapter 8, “Graphics Programming with GDI and Fonts,” for a dis-
cussion on mapping modes).

This enables DrawIt () to use the same metric values used for the Printer.Canvas, the enve-
lope, the address rectangle, and the PrintPrev panel. This routine also uses rectangles to rep-
resent text lines. The effect is shown in Figure 10.7.

ot Delphi 5 Developer's Guide Print Envelope Example M= B
Print It

Feed Typr
& Left Horizantal

" Left Vertical

& See il " Right Harizantal
€ Size 5-3/4 " Right Vertical

"Envelupe Size——— |

Addressee
[This Person

[123 Fist Street

|Tms City, ST 95959

Ficure 10.7

An envelope-printing form with a print preview feature.
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An alternative and better print preview can be created with metafiles. Create the
metafile using the printer handle as the reference device, then draw into the
metafile canvas just as you would the printer canvas, and then draw the metafile on
the screen. No scaling or viewport extent tweaking is required.
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Miscellaneous Printing Tasks

Occasionally, you’ll need to perform a printing task that isn’t available through the TPrinter
object, such specifying the print quality of your print job. To perform these tasks, you must
resort to the Win32 API method. However, this isn’t too difficult. First, you must understand
the TDeviceMode structure. The next section discusses this. The following sections show you
how to use this structure to perform these various printing tasks.

The TDeviceMode Structure

The TDeviceMode structure contains information about a printer driver’s initialization and envi-
ronment data. Programmers use this structure to retrieve information about or set various
attributes of the current printer. This structure is defined in the Windows.pas file.

You’ll find definitions for each of the fields in Delphi’s online help. The following sections
cover some of the more common fields of this structure, but it would be a good idea to take a
look at the online help and read what some of the other fields are used for. In some cases, you
might need to refer to these fields, and some of them are used differently in Windows NT/2000
than in Windows 95/98.

To obtain a pointer to the current printer’s TDeviceMode structure, you can first use
TPrinter.GetPrinter() to obtain a handle to the memory block that the structure occupies.
Then use the Globallock () function to retrieve a pointer to this structure. Listing 10.5 illus-
trates how to get the pointer to the TDeviceMode structure.

LisTing 10.5 Obtaining a Pointer to a TDeviceMode Structure

var

ADevice, ADriver, APort: array [0..255] of Char;

DeviceHandle: THandle;

DevMode: PDeviceMode; // A Pointer to a TDeviceMode structure

begin

{ First obtain a handle to the TPrinter's DeviceMode structure }

Printer.GetPrinter (ADevice, ADriver, APort, DeviceHandle);

{ If DeviceHandle is still @, then the driver was not loaded. Set
the printer index to force the printer driver to load making the
handle available }

if DeviceHandle = 0@ then

begin
Printer.PrinterIndex := Printer.PrinterlIndex;
Printer.GetPrinter (ADevice, ADriver, APort, DeviceHandle);
end;

{ If DeviceHandle is still @, then an error has occurred. Otherwise,
use GloballLock() to get a pointer to the TDeviceMode structure }
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if DeviceHandle = @ then
Raise Exception.Create('Could Not Initialize TDeviceMode structure')
else
DevMode := GloballLock(DeviceHandle);
{ Code to use the DevMode structure goes here }
{1y
if not DeviceHandle = @ then
GlobalUnlock(DeviceHandle);
end;
The comments in the preceding listing explain the steps required to obtain the pointer to the
TDeviceMode structure. After you’ve obtained this pointer, you can perform various printer rou-
tines, as illustrated in the following sections. First, however, notice this comment in the preced-
ing listing:
{ Code to use the DevMode structure goes here }
{1y
It’s here that you place the code examples to follow.
Before you can initialize any of the members of the TDeviceMode structure, however, you must
specify which member you’re initializing by setting the appropriate bit in the dmFields bit
flags. Table 10.3 lists the various bit flags of dmFields and also specifies to which
TDeviceMode member they pertain.
TaBLE 10.3 TDeviceMode.dmFields Bit Flags
dmField Value Corresponding Field
DM_ORIENTATION dmOrientation
DM_PAPERSIZE dmPaperSize
DM_PAPERLENGTH dmPaperLength
DM_PAPERWIDTH dmPaperWidth
DM_SCALE dmScale
DM_COPIES dmCopies
DM_DEFAULTSOURCE dmDefaultSource
DM_PRINTQUALITY dmPrintQuality
DM_COLOR dmColor 10
DM_DUPLEX dmDuplex
DM_YRESOLUTION dmYResolution v}
DM_TTOPTION dmTTOption E
DM_COLLATE dmCollate ul

continues
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TaBLE 10.3 Continued

dmField Value Corresponding Field
DM_FORMNAME dmFormName
DM_LOGPIXELS dmLogPixels
DM_BITSPERPEL dmBitsPerPel
DM_PELSWIDTH dmPelsWidth
DM_PELSHEIGHT dmPelsHeight
DM_DISPLAYFLAGS dmDisplayFlags
DM_DISPLAYFREQUENCY dmDisplayFrequency

DM_ICMMETHOD
DM_ICMINTENT
DM_MEDIATYPE
DM_DITHERTYPE

dmICMMethod (Windows 95 only)
dmICMIntent (Windows 95 only)
dmMediaType (Windows 95 only)
dmDitherType (Windows 95 only)

In the examples that follow, you’ll see how to set the appropriate bit flag as well as the corre-
sponding TDeviceMode member.

Specifying Copies to Print
You can tell a print job how many copies to print by specifying the number of copies in the
dmCopies field of the TDeviceMode structure. The following code illustrates how to do this:

with DevMode” do

begin
dmFields := dmFields or DM_COPIES;
dmCopies := Copies;

end;

First, you must set the appropriate bit flag of the dmFields field to indicate which member of
the TDeviceMode structure has been initialized. The preceding code is what you would insert
into the code in Listing 10.6 where specified. Then, whenever you start your print job, the
number of copies specified should be sent to the printer. It’s worth mentioning that although
this examples illustrates how to set the copies to print using the TDeviceMode structure, the
TPrinter.Copies property does the same.

Specifying Printer Orientation
Specifying printer orientation is similar to specifying copies except that you initialize a differ-
ent TDeviceMode structure:
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with DevMode” do
begin
dmFields := dmFields or DM_ORIENTATION;
dmOrientation := DMORIENT_LANDSCAPE;
end;

The two options for dmOrientation are DMORIENT_LANDSCAPE and DMORIENT_PORTRAIT. You
might also look at the TPrinter.Orientation property.

Specifying Paper Size
To specify a paper size, you initialize TDeviceMode’s dmPaperSize member:

with DevMode” do
begin

dmFields := dmFields or DM_PAPERSIZE;

dmPaperSize := DMPAPER_LETTER; // Letter, 8-1/2 by 11 inches
end;

Several predefined values exist for the dmPaperSize member, which you can look up in the
online help under TDeviceMode. The dmPaperSize member can be set to zero if the paper size
is specified by the dmPaperWidth and dmPaperHeight members.

Specifying Paper Length
You can specify the paper length in tenths of a millimeter for the printed output by setting the

dmPaperLength field. This overrides any settings applied to the dmPaperSize field. The follow-
ing code illustrates setting the paper length:

with DevMode”~ do

begin
dmFields := dmFields or DM_PAPERLENGTH;
dmPaperLength := SomelLength;

end;

Specifying Paper Width
Paper width is also specified in tenths of a millimeter. To set the paper width, you must initial-
ize the dmPaperWwidth field of the TDeviceMode structure. The following code illustrates this
setting:
with DevMode” do
begin

dmFields := dmFields or DM_PAPERWIDTH;

dmPaperWidth := SomeWidth;
end;

This also overrides the settings for the dmPaperSize field.
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Specifying Print Scale

The print scale is the factor by which the printed output is scaled. Therefore, the resulting page
size is scaled from the physical page size by a factor of TDeviceMode.dmScale divided by 100.
Therefore, to shrink the printed output (graphics and text) by half their original size, you would
assign the value of 50 to the dmScale field. The following code illustrates how to set the print
scale:

with DevMode” do

begin
dmFields := dmFields or DM_SCALE;
dmScale := 50;

end;

Specifying Print Color
For printers that support color printing, you can specify whether the printer is to render color

or monochrome printing by initializing the dmColor field, as shown here:

with DevMode” do

begin
dmFields := dmFields or DM_COLOR;
dmColor := DMCOLOR_COLOR;

end;

Another value that can be assigned to the dmColor field is DMCOLOR_MONOCHROME.

Specifying Print Quality
Print quality is the resolution at which the printer prints its output. Four predefined values exist
for setting the print quality, as shown in the following list:

* DMRES_HIGH. High-resolution printing

* DMRES_MEDIUM. Medium-resolution printing

* DMRES_LOW. Low-resolution printing

* DMRES_DRAFT. Draft-resolution printing
To change the quality of print, you initialize the dmPrintQuality field of the TDeviceMode
structure:

with DevMode” do

begin
dmFields := dmFields or DM_PRINTQUALITY;
dmPrintQuality := DMRES_DRAFT;

end;
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Specifying Duplex Printing
Some printers are capable of duplex printing—printing on both sides of the paper. You can tell
the printer to perform double-sided printing by initializing the dmDuplex field of the
TDeviceMode structure to one of these values:

* DMDUP_SIMPLEX

* DMDUP_HORIZONTAL

e DMDUP_VERTICAL

Here’s an example:

with DevMode” do

begin
dmFields := dmFields or DM_DUPLEX;
dmDuplex := DMDUP_HORIZONTAL;

end;

Changing the Default Printer

Although it’s possible to change the default printer by launching the printer folder, you might
want to change the default printer at runtime. This is possible as illustrated in the sample pro-
ject shown in Listing 10.6.

ListiNg 10.6 Changing the Default Printer

unit MainFrm;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls;

type
TMainForm = class(TForm)
cbPrinters: TComboBox;
1blPrinter: TLabel;
procedure FormCreate(Sender: TObject);
procedure cbPrintersChange(Sender: TObject);

private

{ Private declarations }
public

{ Public declarations }
end;

continues
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var
MainForm: TMainForm;

implementation
uses IniFiles, Printers;

{$R *.DFM}

procedure TMainForm.FormCreate(Sender: TObject);
begin
{ Copy the printer names to the combobox and set the combobox to
show the currently selected default printer }
cbPrinters.Items.Assign(Printer.Printers);

cbPrinters.Text := Printer.Printers[Printer.PrinterIndex];

// Update the label to reflect the default printer

1blPrinter.Caption := Printer.Printers[Printer.PrinterIndex];
end;

procedure TMainForm.cbPrintersChange(Sender: TObject);
var

IniFile: TIniFile;

TempStr1, TempStr2: String;

begin
with Printer do
begin
// Set the new printer based on the ComboBox's selected printer
PrinterIndex := cbPrinters.ItemIndex;
/| Store the printer name into a temporary string
TempStr1 := Printers[PrinterIndex];

// Delete the unnecessary portion of the printer name
System.Delete(TempStri, Pos(' on ', TempStr1), Length(TempStri));
// Create a TIniFile class

IniFile := TIniFile.Create('WIN.INI');

try
// Retrieve the device name of the selected printer
TempStr2 := IniFile.ReadString('Devices', TempStri, '');
// Change the default printer to that chosen by the user
IniFile.WriteString('windows', ‘'device', TempStri1 + ',' + TempStr2);
finally
IniFile.Free;
end;
end;
// Update the label to reflect the new printer selection
1blPrinter.Caption := Printer.Printers[Printer.PrinterIndex];

end;

end.
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The preceding project consists of a main form with a TComboBox and a TLabel component.
Upon form creation, the TComboBox component is initialized with the string list of printer names
obtained from the Printer.Printers property. The TLabel component is then updated to reflect
the currently selected printer. The cbPrintersChange () event handler is where we placed the
code to modify the system-wide default printer. What this entails is changing the [device] entry
in the [windows] section of the WIN. INI file, located in the Windows directory. The comments in
the preceding code go on to explain the process of making these modifications.

Obtaining Printer Information

This section illustrates how you can retrieve information about a printer device such as physi-
cal characteristics (number of bins, paper sizes supported, and so on) as well as the printer’s
text- and graphics-drawing capabilities.

You might want to get information about a particular printer for several reasons. For example,
you might need to know whether the printer supports a particular capability. A typical example
is to determine whether the current printer supports banding. Banding is a process that can
improve printing speed and disk space requirements for printers with memory limitations. To
use banding, you must make API calls specific to this capability. On a printer that doesn’t sup-
port this capability, these calls wouldn’t function. Therefore, you can first determine whether the
printer will support banding (and use it, if so); otherwise, you can avoid the banding API calls.

GetDeviceCaps() and DeviceCapabilities()

The Win32 API function GetDeviceCaps() allows you to obtain information about devices
such as printers, plotters, screens, and so on. Generally, these are devices that have a device
context. You use GetDeviceCaps () by supplying it a handle to a device context and an index
that specifies the information you want to retrieve.

DeviceCapabilities() is specific to printers. In fact, the information obtained from
DeviceCapabilities() is provided by the printer driver for a specified printer.

Use DeviceCapabilities() by supplying it with strings identifying the printer device as well
as an index specifying the data you want to retrieve. Sometimes two calls to
DeviceCapabilities() are required to retrieve certain data. The first call is made to determine
how much memory you must allocate for the data to be retrieved. The second call stores the
data in the memory block you’ve allocated. This section illustrates how to do this.

One thing you should know is that most of the drawing capabilities that aren’t supported by a
particular printer will still work if you use them. For example, when GetDeviceCaps() or
DeviceCapabilities() indicates that BitB1lt (), StretchBlt(), or printing TrueType fonts
isn’t supported, you can still use any of these functions; GDI will simulate these functions for
you. Note, however, that GDI cannot simulate BitB1t () on a device that doesn’t support raster
scanline pixels; BitB1t () will always fail on a pen plotter, for example.
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Printer Information Sample Program

Figure 10.8 shows the main form for the sample program. This program contains eight pages,
each of which lists different printer capabilities for the printer selected in the combo box.

0

i Delphi 5 Developer's Guide Printer Information

-

Curve Caps | Line Caps | Polyganal Caps | Text Caps |
General Data |  PeperTupes | DevicsCaps | RasterCaps

Desciiption [ Value |

FiGcure 10.8

The main form for the printer information example.

Declaring the DeviceCapabilitiesA Function

If you attempt to use the function DeviceCapabilities() defined in Windows.pas, you won’t
be able to run your program because this function isn’t defined in GDI32.DLL as Windows.pas
indicates. Instead, this function in GDI32.DLL is DeviceCapabilitiesEx (). However, even if
you define this function’s prototype as follows, the function won’t work as expected and
returns erroneous results:

function DeviceCapabilitiesEx(pDevice, pPort: Pchar; fwCapability: Word;
pOutput: Pchar; DevMode: PdeviceMode):
Integer; stdcall; external 'Gdi32.dll';

It turns out that two functions—DeviceCapabilitiesA() for ANSI strings and
DeviceCapabilitiesW() for wide strings—are defined in WINSPOOL . DRV, which is the Win32
print spooler interface. This function is the correct one to use as indicated in the Microsoft
Developer’s Network CD (MSDN). The correct definition for the function prototype that’s
used in the sample program in Listing 10.8 (shown in the following section) is as follows:
function DeviceCapabilitiesA(pDevice, pPort: Pchar; fwCapability: Word;

pOutput: Pchar; DevMode: PdeviceMode):
Integer; stdcall; external ‘'winspool.drv';

Note that the preceding declaration can be found in WINSPOOL . PAS in Delphi 5.
Sample Program Functionality

Listing 10.8 (shown at the end of this section) contains the source for the Printer Information
sample program. The main form’s OnCreate event handler simply populates the combo box
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with the list of available printers on the system. The OnChange event handler for the combo box
is the central point of the application where the methods to retrieve the printer information are
called.

The first page on the form General Data contains general information about the printer device.
You’ll see that the printer’s device name, driver, and port location are obtained by calling the
TPrinter.GetPrinter() method. This method also retrieves a handle to a TDeviceMode struc-
ture for the currently selected printer. This information is then added to the General Data page.
To retrieve the printer driver version, you use the DeviceCapabilitiesA() function and pass
the DC_DRIVER index. The rest of the PrinterComboChange event handler calls the various rou-
tines to populate the list boxes on the various pages of the main form.

The GetBinNames () method illustrates how to use the DeviceCapabilitiesA() function to
retrieve the bin names for the selected printer. This method first gets the number of bin names
available by calling DeviceCapabilitiesA(), passing the DC_BINNAMES index, and passing nil
as the pOutput and DevMode parameters. The result of this function call specifies how much
memory must be allocated to hold the bin names. According to the documentation on
DeviceCapabilitiesA(), each bin name is defined as an array of 24 characters. We defined a
TBinName data type like this:

TBinName = array[0..23] of char;
We also defined an array of TBinName:
TBinNames = array[0..0] of TBinName;

This type is used to typecast a pointer as an array of TBinName data types. To access an ele-
ment at some index into the array, you must disable range checking, because this array is
defined to have a range of 0. .0, as illustrated in the GetBinNames () method. The bin names
are added to the appropriate list box.

This same technique of determining the amount of memory required and allocating this mem-
ory dynamically is also used in the methods GetDevCapsPaperNames () and
GetResolutions().

The methods GetDuplexSupport(), GetCopies(), and GetEMFStatus() all use the
DeviceCapabilitiesA() function to return a value of the requested information. For example,
the following code determines whether the selected printer supports duplex printing by return-
ing a value of 1 if duplex printing is supported or 0 if not:

DeviceCapabilitiesA(Device, Port, DC_DUPLEX, nil, nil);
Also, the following statement returns the maximum number of copies the device can print:

DeviceCapabilitiesA(Device, Port, DC_COPIES, nil, nil);
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The remaining methods use the GetDeviceCaps () function to determine the various capabilities
of the selected device. In some cases, GetDeviceCaps () returns the specific value requested.
For example, the following statement returns the width, in millimeters, of the printer device:

GetDeviceCaps(Printer.Handle, HORZSIZE);

In other cases, GetDeviceCaps () returns an integer value whose bits are masked to determine a
particular capability. For example, the GetRasterCaps () method first retrieves the integer
value that contains the bitmasked fields:

RCaps := GetDeviceCaps(Printer.Handle, RASTERCAPS);

Then, to determine whether the printer supports banding, you must mask out the RC_BANDING
field by performing an AND operation whose result should equal the value of RC_BANDING:

(RCaps and RC_BANDING) = RC_BANDING

This evaluation is passed to one of the helper functions, BoolToYesNoStr (), which returns the
string Yes or No, based on the result of the evaluation. Other fields are masked in the same
manner. This same technique is used in other areas where bitmasked fields are returned from
GetDeviceCaps() as well as from the DeviceCapabilitiesA() function, such as in the
GetTrueTypeInfo() method.

You’ll find both functions, DeviceCapabilties() and GetDeviceCaps(), well documented in
the online Win32 API help.

LisTING 10.7 Printer Information Sample Program

unit MainFrm;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
StdCtrls, ComCtrls, ExtCtrls;

type

TMainForm = class(TForm)
pgcPrinterInfo: TPageControl;
tbsPaperTypes: TTabSheet;
tbsGeneralData: TTabSheet;
1bPaperTypes: TListBox;
tbsDeviceCaps: TTabSheet;
tbsRasterCaps: TTabSheet;
tbsCurveCaps: TTabSheet;
tbsLineCaps: TTabSheet;
tbsPolygonalCaps: TTabSheet;
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tbsTextCaps: TTabSheet;
lvGeneralData: TListView;
lvCurveCaps: TListView;
Splitter1: TSplitter;
lvDeviceCaps: TListView;
lvRasterCaps: TListView;
pnlTop: TPanel;
cbPrinters: TComboBox;
lvLineCaps: TListView;
1vPolyCaps: TListView;
lvTextCaps: TListView;

procedure FormCreate(Sender: TObject);

procedure cbPrintersChange(Sender: TObject);

private

Device, Driver, Port: array[0..255] of char;

ADevMode: THandle;

public
procedure GetBinNames;
procedure GetDuplexSupport;
procedure GetCopies;
procedure GetEMFStatus;
procedure GetResolutions;
procedure GetTrueTypelInfo;
procedure GetDevCapsPaperNames;
procedure GetDevCaps;
procedure GetRasterCaps;
procedure GetCurveCaps;
procedure GetLineCaps;
procedure GetPolyCaps;
procedure GetTextCaps;

end;

var
MainForm: TMainForm;

implementation
uses
Printers, WinSpool;

const
NoYesArray: array[Boolean] of String =
type

/] Types for holding bin names
TBinName = array[0..23] of char;
// Where used set $R- to prevent error

("No',

'Yes');

CHAPTER 10

continues
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TBinNames = array[0..0] of TBinName;

/] Types for holding paper names
TPName = array[0..63] of char;

// Where used set $R- to prevent error
TPNames = array[0..0] of TPName;

/] Types for holding resolutions
TResolution = array[0..1] of integer;

// Where used set $R- to prevent error
TResolutions = array[0..0] of TResolution;

// Type for holding array of pages sizes (word types)
TPageSizeArray = Array[0..0] of word;

var
Rslt: Integer;

{$R *.DFM}

(*

function BoolToYesNoStr(avVal: Boolean): String;

// Returns the string "YES" or "NO" based on the boolean value

begin
if avVal then
Result := 'Yes'
else
Result := 'No';
end;

*)
procedure AddListViewItem(const aCaption, aValue: String; aLV: TListView);
// This method is used to add a TListItem to the TListView, aLV

var
NewItem: TListItem;

begin
NewItem := alLV.Items.Add;
NewItem.Caption := aCaption;
NewItem.SubItems.Add(aValue);

end;

procedure TMainForm.GetBinNames;
var

BinNames: Pointer;

i: integer;
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begin
{$R-} // Range checking must be turned off here.
// First determine how many bin names are available.
Rslt := DeviceCapabilitiesA(Device, Port, DC_BINNAMES, nil, nil);
if Rslt > @ then
begin
{ Each bin name is 24 bytes long. Therefore, allocate Rslt*24 bytes to hold
the bin names. }
GetMem(BinNames, Rslt*24);
try
// Now retrieve the bin names in the allocated block of memory.
if DeviceCapabilitiesA(Device, Port, DC_BINNAMES, BinNames, nil) = -1

then
raise Exception.Create('DevCap Error');
//{ Add the information to the appropriate list box.
AddListViewItem('BIN NAMES', EmptyStr, lvGeneralData);
for i := 0 to Rslt - 1 do
begin
AddListViewItem(Format(' Bin Name %d', [i]),
StrPas(TBinNames (BinNames~)[1i]), lvGeneralData);
end;
finally
FreeMem(BinNames, Rslt*24);
end;
end;
{$R+} // Turn range checking back on.
end;

procedure TMainForm.GetDuplexSupport;
begin
{ This function uses DeviceCapabilitiesA to determine whether or not the
printer device supports duplex printing. }
Rslt := DeviceCapabilitiesA(Device, Port, DC_DUPLEX, nil, nil);
AddListViewItem( 'Duplex Printing', NoYesArray[Rslt = 1], lvGeneralData);
end;

procedure TMainForm.GetCopies;
begin
{ This function determines how many copies the device can be set to print.
If the result is not greater than 1 then the print logic must be
executed multiple times }
Rslt := DeviceCapabilitiesA(Device, Port, DC_COPIES, nil, nil);
AddListViewItem('Copies that printer can print',
InttoStr(Rslt), lvGeneralData);

end;

continues
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procedure TMainForm.GetEMFStatus;

begin
// This function determines if the device supports the enhanced metafiles.
Rslt := DeviceCapabilitiesA(Device, Port, DC_EMF_COMPLIANT, nil, nil);
AddListViewItem('EMF Compliant', NoYesArray[Rslt=1], lvGeneralData);

end;

procedure TMainForm.GetResolutions;
var
Resolutions: Pointer;
i: integer;
begin
{$R-} // Range checking must be turned off.
// Determine how many resolutions are available.
Rslt := DeviceCapabilitiesA(Device, Port, DC_ENUMRESOLUTIONS, nil, nil);
if Rslt > @ then begin
{ Allocate the memory to hold the different resolutions which are
represented by integer pairs, ie: 300, 300 }
GetMem(Resolutions, (SizeOf(Integer)*2)*Rslt);
try
// Retrieve the different resolutions.
if DeviceCapabilitiesA(Device, Port, DC_ENUMRESOLUTIONS,
Resolutions, nil) = -1 then
Raise Exception.Create('DevCaps Error');
// Add the resolution information to the appropriate list box.
AddListViewItem('RESOLUTION CONFIGURATIONS', EmptyStr, lvGeneralData);

for i := 0 to Rslt - 1 do
begin
AddListViewItem(' Resolution Configuration',
IntToStr(TResolutions(Resolutions™)[1i][0Q])+
" '+IntToStr(TResolutions(Resolutions”~)[i][1]), lvGeneralData);

end;
finally
FreeMem(Resolutions, SizeOf(Integer)*Rslt*2);
end;
end;
{$R+} // Turn range checking back on.
end;

procedure TMainForm.GetTrueTypeInfo;

begin
// Get the TrueType font capabilities of the device represented as bitmasks
Rslt := DeviceCapabilitiesA(Device, Port, DC_TRUETYPE, nil, nil);
if Rslt <> @ then
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{ Now mask out the individual TrueType capabilities and indicate the
result in the appropriate list box. }
AddListViewItem('TRUE TYPE FONTS', EmptyStr, lvGeneralData);
with lvGeneralData.Items do
begin
AddListViewItem(' Prints TrueType fonts as graphics',
NoYesArray[ (Rslt and DCTT_BITMAP) = DCTT_BITMAP], lvGeneralData);

AddListViewItem("' Downloads TrueType fonts',
NoYesArray[ (Rslt and DCTT_DOWNLOAD) = DCTT_DOWNLOAD],
= ]vGeneralData);

AddListViewItem(' Downloads outline TrueType fonts',
NoYesArray[ (Rslt and DCTT_DOWNLOAD_OUTLINE) =
=DCTT_DOWNLOAD_OUTLINE],
lvGeneralData);

AddListViewItem(' Substitutes device for TrueType fonts',
NoYesArray[ (Rslt and DCTT_SUBDEV) = DCTT_SUBDEV], lvGeneralData);
end;
end;

procedure TMainForm.GetDevCapsPaperNames;
{ This method gets the paper types available on a selected printer from the
DeviceCapabilitiesA function. }
var
PaperNames: Pointer;
i: integer;
begin
{$R-} // Range checking off.
1bPaperTypes.Items.Clear;
// First get the number of paper names available.
Rslt := DeviceCapabilitiesA(Device, Port, DC_PAPERNAMES, nil, nil);
if Rslt > @ then begin
{ Now allocate the array of paper names. Each paper name is 64 bytes.
Therefore, allocate Rslt*64 of memory. }
GetMem(PaperNames, Rslt*64);
try
// Retrieve the list of names into the allocated memory block.
if DeviceCapabilitiesA(Device, Port, DC_PAPERNAMES,
PaperNames, nil) = - 1 then
raise Exception.Create('DevCap Error');
// Add the paper names to the appropriate list box.
for i := @ to Rslt - 1 do
1bPaperTypes.Items.Add(StrPas(TPNames (PaperNames~)[1i]));
finally

continues
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FreeMem(PaperNames, Rslt*64);
end;
end;
{$R+} // Range checking back on.
end;

procedure TMainForm.GetDevCaps;

{ This method retrieves various capabilities of the selected printer device by
using the GetDeviceCaps function. Refer to the Online API help for the
meaning of each of these items. }

begin
with lvDeviceCaps.Items do
begin

Clear;
AddListViewItem('Width in millimeters',
IntToStr(GetDeviceCaps(Printer.Handle, HORZSIZE)), lvDeviceCaps);
AddListViewItem('Height in millimeter',
IntToStr(GetDeviceCaps(Printer.Handle, VERTSIZE)), lvDeviceCaps);
AddListViewItem('Width in pixels',
IntToStr(GetDeviceCaps(Printer.Handle, HORZRES)), lvDeviceCaps);
AddListViewItem('Height in pixels',
IntToStr(GetDeviceCaps(Printer.Handle, VERTRES)), lvDeviceCaps);
AddListViewItem('Pixels per horizontal inch',
IntToStr(GetDeviceCaps(Printer.Handle, LOGPIXELSX)), lvDeviceCaps);
AddListViewItem('Pixels per vertical inch',
IntToStr(GetDeviceCaps(Printer.Handle, LOGPIXELSY)), lvDeviceCaps);
AddListViewItem('Color bits per pixel',
IntToStr(GetDeviceCaps(Printer.Handle, BITSPIXEL)), lvDeviceCaps);
AddListViewItem( 'Number of color planes',
IntToStr(GetDeviceCaps(Printer.Handle, PLANES)), lvDeviceCaps);
AddListViewItem('Number of brushes',
IntToStr(GetDeviceCaps(Printer.Handle, NUMBRUSHES)), lvDeviceCaps);
AddListViewItem('Number of pens',
IntToStr(GetDeviceCaps(Printer.Handle, NUMPENS)), lvDeviceCaps);
AddListViewItem( 'Number of fonts',
IntToStr(GetDeviceCaps(Printer.Handle, NUMFONTS)), lvDeviceCaps);
Rslt := GetDeviceCaps(Printer.Handle, NUMCOLORS);
if Rslt = -1 then
AddListViewItem('Number of entries in color table', ' > 8', lvDeviceCaps)
else AddListViewItem('Number of entries in color table',
IntToStr(Rslt), lvDeviceCaps);
AddListViewItem('Relative pixel drawing width',
IntToStr(GetDeviceCaps(Printer.Handle, ASPECTX)), lvDeviceCaps);
AddListViewItem('Relative pixel drawing height',
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IntToStr(GetDeviceCaps(Printer.Handle, ASPECTY)), lvDeviceCaps);

AddListViewItem('Diagonal pixel drawing width',
IntToStr(GetDeviceCaps(Printer.Handle, ASPECTXY)), lvDeviceCaps);

if GetDeviceCaps(Printer.Handle, CLIPCAPS) = 1 then
AddListViewItem('Clip to rectangle', 'Yes', lvDeviceCaps)

else AddListViewItem('Clip to rectangle', 'No', lvDeviceCaps);

end;
end;

procedure TMainForm.GetRasterCaps;

{ This method gets the various raster capabilities of the selected printer
device by using the GetDeviceCaps function with the RASTERCAPS index. Refer
to the online help for information on each capability. }

var
RCaps: Integer;

begin
with lvRasterCaps.Items do
begin

Clear;
RCaps := GetDeviceCaps(Printer.Handle, RASTERCAPS);
AddListViewItem( 'Banding',
NoYesArray[ (RCaps and RC_BANDING) = RC_BANDING], lvRasterCaps);
AddListViewItem('BitBlt Capable',
NoYesArray[ (RCaps and RC_BITBLT) = RC_BITBLT], lvRasterCaps);
AddListViewItem('Supports bitmaps > 64K',
NoYesArray[ (RCaps and RC_BITMAP64) = RC_BITMAP64], lvRasterCaps);
AddListViewItem('DIB support',
NoYesArray[ (RCaps and RC_DI_BITMAP)
AddListViewItem('Floodfill support',
NoYesArray[ (RCaps and RC_FLOODFILL) = RC_FLOODFILL], lvRasterCaps);
AddListViewItem('Windows 2.0 support',
NoYesArray[ (RCaps and RC_GDI20_OUTPUT) = RC_GDI2@ OUTPUT],
=]vRasterCaps);
AddListViewItem('Palette based device',
NoYesArray[ (RCaps and RC_PALETTE) = RC_PALETTE], lvRasterCaps);
AddListViewItem('Scaling support',
NoYesArray[ (RCaps and RC_SCALING) = RC_SCALING], lvRasterCaps);
AddListViewItem('StretchBlt support',
NoYesArray[ (RCaps and RC_STRETCHBLT)
=]vRasterCaps);
AddListViewItem('StretchDIBits support',
NoYesArray[ (RCaps and RC_STRETCHDIB) = RC_STRETCHDIB],
= ]vRasterCaps);
end;
end;

RC_DI_BITMAP], 1lvRasterCaps);

RC_STRETCHBLT],

continues
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procedure TMainForm.GetCurveCaps;

{ This method gets the various curve capabilities of the selected printer
device by using the GetDeviceCaps function with the CURVECAPS index. Refer
to the online help for information on each capability. }

var
CCaps: Integer;

begin
with lvCurveCaps.Items do
begin

Clear;
CCaps := GetDeviceCaps(Printer.Handle, CURVECAPS);

AddListViewItem( 'Curve support’,
NoYesArray|[ (CCaps and CC_NONE) = CC_NONE], lvCurveCaps);

AddListViewItem('Circle support',
NoYesArray|[ (CCaps and CC_CIRCLES) = CC_CIRCLES], lvCurveCaps);

AddListViewItem('Pie support',
NoYesArray|[ (CCaps and CC_PIE) = CC_PIE], lvCurveCaps);

AddListViewItem('Chord arc support',
NoYesArray|[ (CCaps and CC_CHORD) = CC_CHORD], lvCurveCaps);

AddListViewItem('Ellipse support',
NoYesArray[ (CCaps and CC_ELLIPSES) = CC_ELLIPSES], 1lvCurveCaps);

AddListViewItem('Wide border support',
NoYesArray|[ (CCaps and CC_WIDE) = CC_WIDE], 1lvCurveCaps);

AddListViewItem('Styled border support',
NoYesArray|[ (CCaps and CC_STYLED) = CC_STYLED], 1lvCurveCaps);

AddListViewItem('Round rectangle support',
NoYesArray[ (CCaps and CC_ROUNDRECT) = CC_ROUNDRECT], 1lvCurveCaps);

end;
end;

procedure TMainForm.GetLineCaps;
{ This method gets the various line drawing capabilities of the selected
printer device by using the GetDeviceCaps function with the LINECAPS index.
Refer to the online help for information on each capability. }
var

LCaps: Integer;
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begin
with lvLineCaps.Items do
begin
Clear;
LCaps := GetDeviceCaps(Printer.Handle, LINECAPS);

AddListViewItem('Line support',
NoYesArray|[ (LCaps and LC_NONE) = LC_NONE], lvLineCaps);

AddListViewItem('Polyline support',
NoYesArray[ (LCaps and LC_POLYLINE) = LC_POLYLINE], lvLineCaps);

AddListViewItem('Marker support',
NoYesArray|[ (LCaps and LC_MARKER) = LC_MARKER], lvLineCaps);

AddListViewItem('Multiple marker support',
NoYesArray[ (LCaps and LC_POLYMARKER) = LC_POLYMARKER], lvLineCaps);

AddListViewItem('Wide line support',
NoYesArray|[ (LCaps and LC_WIDE) = LC_WIDE], lvLineCaps);

AddListViewItem('Styled line support',
NoYesArray|[ (LCaps and LC_STYLED) = LC_STYLED], lvLineCaps);

AddListViewItem('Wide and styled line support',
NoYesArray|[ (LCaps and LC_WIDESTYLED) = LC_WIDESTYLED], 1lvLineCaps);

AddListViewItem('Interior support',
NoYesArray[ (LCaps and LC_INTERIORS) = LC_INTERIORS], lvLineCaps);
end;
end;

procedure TMainForm.GetPolyCaps;
{ This method gets the various polygonal capabilities of the selected printer
device by using the GetDeviceCaps function with the POLYGONALCAPS index.
Refer to the online help for information on each capability. }
var
PCaps: Integer;
begin
with 1lvPolyCaps.Items do
begin
Clear;
PCaps := GetDeviceCaps(Printer.Handle, POLYGONALCAPS);

AddListViewItem('Polygon support',
NoYesArray[ (PCaps and PC_NONE) = PC_NONE], 1lvPolyCaps);

continues
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AddListViewItem('Alternate fill polygon support',
NoYesArray[ (PCaps and PC_POLYGON) = PC_POLYGON], 1lvPolyCaps);

AddListViewItem('Rectangle support',
NoYesArray[ (PCaps and PC_RECTANGLE) = PC_RECTANGLE], 1lvPolyCaps);

AddListViewItem('Winding-fill polygon support',
NoYesArray[ (PCaps and PC_WINDPOLYGON) = PC_WINDPOLYGON], lvPolyCaps);

AddListViewItem('Single scanline support',
NoYesArray[ (PCaps and PC_SCANLINE) = PC_SCANLINE], 1lvPolyCaps);

AddListViewItem('Wide border support',
NoYesArray[ (PCaps and PC_WIDE) = PC_WIDE], 1lvPolyCaps);

AddListViewItem('Styled border support',
NoYesArray[ (PCaps and PC_STYLED) = PC_STYLED], 1lvPolyCaps);

AddListViewItem('Wide and styled border support',
NoYesArray[ (PCaps and PC_WIDESTYLED) = PC_WIDESTYLED], 1lvPolyCaps);

AddListViewItem('Interior support',
NoYesArray[ (PCaps and PC_INTERIORS) = PC_INTERIORS], 1lvPolyCaps);
end;
end;

procedure TMainForm.GetTextCaps;

{ This method gets the various text drawing capabilities of the selected
printer device by using the GetDeviceCaps function with the TEXTCAPS index.
Refer to the online help for information on each capability. }

var
TCaps: Integer;

begin
with lvTextCaps.Items do
begin

Clear;
TCaps := GetDeviceCaps(Printer.Handle, TEXTCAPS);

AddListViewItem('Character output precision',
NoYesArray[ (TCaps and TC_OP_CHARACTER) = TC_OP_CHARACTER], 1lvTextCaps);

AddListViewItem('Stroke output precision',
NoYesArray[ (TCaps and TC_OP_STROKE) = TC_OP_STROKE], lvTextCaps);

AddListViewItem('Stroke clip precision',
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NoYesArray[ (TCaps and TC_CP_STROKE) = TC_CP_STROKE], 1lvTextCaps);

AddListViewItem('90 degree character rotation',
NoYesArray[ (TCaps and TC_CR_90) = TC_CR_90], lvTextCaps);

AddListViewItem('Any degree character rotation',
NoYesArray[ (TCaps and TC_CR_ANY) = TC_CR_ANY], lvTextCaps);

AddListViewItem('Independent scale in X and Y direction',
NoYesArray[ (TCaps and TC_SF_X_YINDEP) = TC_SF_X_YINDEP], 1lvTextCaps);

AddListViewItem( 'Doubled character for scaling',
NoYesArray[ (TCaps and TC_SA_DOUBLE) = TC_SA DOUBLE], 1lvTextCaps);

AddListViewItem('Integer multiples only for character scaling',
NoYesArray[ (TCaps and TC_SA_INTEGER) = TC_SA_ INTEGER], lvTextCaps);

AddListViewItem('Any multiples for exact character scaling',
NoYesArray[ (TCaps and TC_SA_CONTIN) = TC_SA CONTIN], 1lvTextCaps);

AddListViewItem( 'Double weight characters',
NoYesArray[ (TCaps and TC_EA_DOUBLE) = TC_EA DOUBLE], lvTextCaps);

AddListViewItem('Italicized characters',
NoYesArray[ (TCaps and TC_IA_ABLE) = TC_IA_ABLE], lvTextCaps);

AddListViewItem('Underlined characters',
NoYesArray[ (TCaps and TC_UA_ABLE) = TC_UA_ABLE], lvTextCaps);

AddListViewItem('Strikeout characters',
NoYesArray[ (TCaps and TC_SO_ABLE) = TC_SO_ABLE], lvTextCaps);

AddListViewItem('Raster fonts',
NoYesArray[ (TCaps and TC_RA_ABLE)

TC_RA_ABLE], lvTextCaps);

AddListViewItem('Vector fonts',
NoYesArray[ (TCaps and TC_VA_ABLE) = TC_VA_ABLE], lvTextCaps);

AddListViewItem('Scrolling using bit-block transfer',
NoYesArray[ (TCaps and TC_SCROLLBLT) = TC_SCROLLBLT], lvTextCaps);

end;

procedure TMainForm.FormCreate(Sender: TObject);
begin

continues
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// Store the printer names in the combo box.
cbPrinters.Items.Assign(Printer.Printers);
// Display the default printer in the combo box.
cbPrinters.ItemIndex := Printer.PrinterIndex;
/! Invoke the combo's OnChange event
cbPrintersChange(nil);

end;

procedure TMainForm.cbPrintersChange(Sender: TObject);
begin
Screen.Cursor := crHourGlass;
try
// Populate combo with available printers
Printer.PrinterIndex := cbPrinters.ItemIndex;
with Printer do
GetPrinter(Device, Driver, Port, ADevMode);
// Fill the general page with printer information
with lvGeneralData.Items do
begin
Clear;
AddListViewItem('Port', Port, lvGeneralData);
AddListViewItem('Device', Device, lvGeneralData);

Rslt := DeviceCapabilitiesA(Device, Port, DC_DRIVER, nil, nil);
AddListViewItem('Driver Version', IntToStr(Rslt), lvGeneralData);
end;

// The functions below make use of the GetDeviceCapabilitiesA function.
GetBinNames;

GetDuplexSupport;

GetCopies;

GetEMFStatus;

GetResolutions;

GetTrueTypelnfo;

// The functions below make use of the GetDeviceCaps function.
GetDevCapsPaperNames;
GetDevCaps; // Fill Device Caps page.
GetRasterCaps; // Fill Raster Caps page.
GetCurveCaps; // Fill Curve Caps page.
GetLineCaps; // Fill Line Caps page.
GetPolyCaps; // Fill Polygonal Caps page.
GetTextCaps; // Fill Text Caps page.
finally
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Screen.Cursor := crDefault;
end;
end;

end.

Summary

This chapter teaches the techniques you need to know in order to program any type of custom
printing, from simple printing to more advanced techniques. You also learned a methodology
that you can apply to any printing task. Additionally, you learned about the TDeviceMode struc-
ture and how to perform common printing tasks. You’ll use more of this knowledge in upcom-
ing chapters, where you build even more powerful printing methods.
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The Win32 operating system provides you with the capability to have multiple threads of exe-
cution in your applications. Arguably the single most important benefit Win32 has over 16-bit
Windows, this feature provides the means for performing different types of processing simulta-
neously in your application. This is one of the primary reasons for upgrading to a 32-bit ver-
sion of Delphi, and this chapter gives you all the details on how to get the most out of threads
in your applications.

Threads Explained

As discussed in Chapter 3, “The Win32 APL” a thread is an operating system object that repre-
sents a path of code execution within a particular process. Every Win32 application has at least
one thread—often called the primary thread or default thread—but applications are free to cre-
ate other threads to perform other tasks.

Threads provide a means for running many distinct code routines simultaneously. Of course,
unless you have more than one CPU in your computer, two threads can’t truly run simultane-
ously. However, each thread is scheduled in fractions of seconds of time by the operating sys-
tem in such a way as to give the feeling that many threads are running simultaneously.

Tip

Threads are not and never will be supported under 16-bit Windows. This means that
any 32-bit Delphi code you write using threads will never be backward-compatible to
Delphi 1.0. Keep this in mind if you develop applications for both platforms.

A New Type of Multitasking

The notion of threads is much different from the style of multitasking supported under 16-bit
Windows platforms. You might hear people talk about Win32 as a preemptive multitasking
operating system, whereas Windows 3.1 is a cooperative multitasking environment.

The key difference here is that under a preemptive multitasking environment the operating sys-
tem is responsible for managing which thread executes when. When execution of thread one is
stopped in order for thread two to receive some CPU cycles, thread one is said to have been
preempted. If the code that one thread is executing happens to put itself into an infinite loop,
it’s usually not a tragic situation because the operating system will continue to schedule time
for all the other threads.

Under Windows 3.1, the application developer is responsible for giving control back to
Windows at points during the application’s execution. Failure of an application to do so causes
the operating environment to appear locked up, and we all know what a painful experience that
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can be. If you take a moment to think about it, it’s slightly amusing that the very foundation of
16-bit Windows depends on all applications behaving themselves and not putting themselves
into infinite loops, a recursion, or any other unneighborly situation. It’s because all applications
must cooperate for Windows to work correctly that this type of multitasking is referred to as
cooperative.

Using Multiple Threads in Delphi Applications

It’s no secret that threads represent a serious boon for Windows programmers. You can create
secondary threads in your applications anywhere that it’s appropriate to do some sort of back-
ground processing. Calculating cells in a spreadsheet or spooling a word processing document
to the printer are examples of situations where a thread would commonly be used. The goal of
the developer will most often be to perform necessary background processing while still pro-
viding the best possible response time for the user interface.

Most of VCL has a built-in assumption that it’s being accessed by only one thread at any given
time. While this limitation is especially apparent in the user interface portions of VCL, it’s
important to note that even many non-UI portions of VCL are not thread-safe.

Non-Ul VCL

There are actually very few areas of VCL that are guaranteed to be thread-safe. Perhaps the
most notable among these thread-safe areas is VCL’s property streaming mechanism, which
ensures that component streams can be effectively read and written by multiple threads.
Remember that even very basic classes in VCL, such as TList, are not designed to be manipu-
lated from multiple simultaneous threads. In some cases, VCL provides thread-safe alternatives
that you can use in cases where you need them. For example, use a TThreadList in place of a
TList when the list will be subject to manipulation by multiple threads.

Ul VCL

VCL requires that all user-interface control happens within the context of an application’s pri-
mary thread (the exception is the thread-safe TCanvas, which is explained later in this chapter).
Of course, techniques are available to update the user interface from a secondary thread (which
we discuss later), but this limitation essentially forces you to use threads a bit more judiciously
than you might do otherwise. The examples given in this chapter show some ideal uses for
multiple threads in Delphi applications.

Misuse of Threads

Too much of a good thing can be bad, and that’s definitely true in the case of threads. Even
though threads can help to solve some of the problems you may have from an application
design standpoint, they do introduce a whole new set of problems. For example, suppose
you’re writing an integrated development environment, and you want the compiler to execute
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in its own thread so the programmer will be free to continue work on the application while the
program compiles. The problem here is this: What if the programmer changes a file that the
compiler is in the middle of compiling? There are a number of solutions to this problem, such
as making a temporary copy of the file while the compile continues or preventing the user from
editing not-yet-compiled files. The point is simply that threads are not a panacea; although they
solve some development problems, they invariably introduce others. What’s more, bugs due to
threading problems are also much, much harder to debug because threading problems are often
time-sensitive. Designing and implementing thread-safe code is also more difficult because you
have a lot more factors to consider.

The TThread Object

Delphi encapsulates the API thread object into an Object Pascal object called TThread.
Although TThread encapsulates almost all the commonly used thread API functions into one
discrete object, there are some points—particularly those dealing with thread synchroniza-
tion—where you have to use the APL In this section, you learn how the TThread object works
and how to use it in your applications.

TThread Basics

The TThread object is found in the Classes unit and is defined as follows:

type
TThread = class
private
FHandle: THandle;
FThreadID: THandle;
FTerminated: Boolean;
FSuspended: Boolean;
FFreeOnTerminate: Boolean;
FFinished: Boolean;
FReturnValue: Integer;
FOnTerminate: TNotifyEvent;
FMethod: TThreadMethod;
FSynchronizeException: TObject;
procedure CallOnTerminate;
function GetPriority: TThreadPriority;
procedure SetPriority(Value: TThreadPriority);
procedure SetSuspended(Value: Boolean);
protected
procedure DoTerminate; virtual;
procedure Execute; virtual; abstract;
procedure Synchronize(Method: TThreadMethod);
property ReturnValue: Integer read FReturnValue write FReturnValue;
property Terminated: Boolean read FTerminated;
public
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constructor Create(CreateSuspended: Boolean);

destructor Destroy; override;

procedure Resume;

procedure Suspend;

procedure Terminate;

function WaitFor: Integer;

property FreeOnTerminate: Boolean read FFreeOnTerminate
write FFreeOnTerminate;

property Handle: THandle read FHandle;

property Priority: TThreadPriority read GetPriority write
SetPriority;

property Suspended: Boolean read FSuspended write SetSuspended;

property ThreadID: THandle read FThreadID;

property OnTerminate: TNotifyEvent read FOnTerminate write
FOnTerminate;

end;

As you can tell from the declaration, TThread is a direct descendant of TObject and is there-
fore not a component. You might also notice that the TThread.Execute () method is abstract.
This means that the TThread class itself is abstract, meaning that you will never create an
instance of TThread itself. You will only create instances of TThread descendants. Speaking of
which, the most straightforward way to create a TThread descendant is to select Thread Object
from the New Items dialog box provided by the File, New menu option. The New Items dialog
box is shown in Figure 11.1.

Projects | Data Modules | Business |
New | Acivex | Mukiier | Project! | Foms | Dislogs
=] AL |
|

Control Panel  Data Module DLL Faorm Frame.

Module

Project Group Feport

P
Resource DLL Service
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FIGURE 11.1

The Thread Object item in the New Items dialog box.

After choosing Thread Object from the New Items dialog box, you’ll be presented with a dia-
log box that prompts you to enter a name for the new object. You could enter TTestThread, for
example. Delphi will then create a new unit that contains your object. Your object will initially

be defined as follows:
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type
TTestThread = class(TThread)
private
{ Private declarations }
protected
procedure Execute; override;
end;

As you can see, the only method that you must override in order to create a functional descen-
dant of TThread is the Execute () method. Suppose, for example, that you want to perform a
complex calculation within TTestThread. In that case, you could define its Execute () method
as follows:

procedure TTestThread.Execute;
var
i: integer;
begin
for i := 1 to 2000000 do
inc(Answer, Round(Abs(Sin(Sqrt(i)))));
end;

Admittedly, the equation is contrived, but it still illustrates the point in this case because the
sole purpose of this equation is to take a relatively long time to execute.

You can now execute this sample thread by calling its Create () constructor. For now, you can
do this from a button click in the main form, as shown in the following code (remember to
include the unit containing TTestThread in the uses clause of the unit containing TForm1 to
avoid a compiler error):

procedure TForm1.ButtoniClick(Sender: TObject);

var

NewThread: TTestThread;
begin

NewThread := TTestThread.Create(False);
end;

If you run the application and click the button, you’ll notice that you can still manipulate the
form by moving it or resizing it while the calculation goes on in the background.

NoTE

The single Boolean parameter passed to TThread’s Create () constructor is called
CreateSuspended, and it indicates whether to start the thread in a suspended state.
If this parameter is False, the object’s Execute () method will automatically be called
following Create (). If this parameter is True, you must call TThread’s Resume ()
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method at some point to actually start the thread running. This will cause the
Execute () method to be invoked at that time. You would set CreateSuspended to
True if you need to set additional properties on your thread object before allowing
it to run. Setting the properties after the thread is running would be asking for
trouble.

To go a little deeper, the constructor of Create() calls the BeginThread() Delphi
Runtime Library (RTL) function, which calls the CreateThread() API function in order
to create the new thread. The value of the CreateSuspended parameter indicates
whether to pass the CREATE_SUSPENDED flag to CreateThread().

Thread Instances

Going back to the Execute () method for the TTestThread object, notice that it contains a local
variable called i. Consider what might happen to i if you create two instances of
TTestThread. Does the value for one thread overwrite the value for the other? Does the first
thread take precedence? Does it blow up? The answers are no, no, and no. Win32 maintains a
separate stack for each thread executing in the system. This means that as you create multiple
instances of the TTestThread object, each one keeps its own copy of i on its own stack.
Therefore, all the threads will operate independently of one another in that respect.

An important distinction to make, however, is that this notion of the same variable operating
independently in each thread doesn’t carry over to global variables. This topic is explored in
detail in the “Thread-Local Storage” and “Thread Synchronization” sections, later in this
chapter.

Thread Termination

A TThread is considered terminated when the Execute () method has finished executing. At
that point, the EndThread () Delphi standard procedure is called, which in turn calls the
ExitThread() API procedure. ExitThread() properly disposes of the thread’s stack and de-
allocates the API thread object. This cleans up the thread as far as the API is concerned.

You also need to ensure that the Object Pascal object is destroyed when you’re finished using a
TThread object. This will ensure that all memory occupied by that object has been properly
disposed of. Although this will automatically happen when your process terminates, you might
want to dispose of the object earlier so that your application doesn’t leak memory as it runs.
The easiest way to ensure that the TThread object is disposed of is to set its FreeOnTerminate
property to True. This can be done any time before the Execute () method finishes executing.
For example, you could do this for the TTestThread object by setting the property in the
Execute () method as follows:
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procedure TTestThread.Execute;
var

i: integer;
begin

FreeOnTerminate := True;

for i := 1 to 2000000 do

inc (Answer, Round(Abs(Sin(Sqrt(i)))));

end;

The TThread object also has an OnTerminate event that’s called when the thread terminates.
It’s also acceptable to free the TThread object from within a handler for this event.

Tip

The OnTerminate event of TThread is called from the context of your application’s
main thread. This means that you can feel free to access VCL properties and methods
from within a handler for this event without using the Synchronize () method, as
described in the following section.

It’s also important to note that your thread’s Execute () method is responsible for checking the
status of the Terminated property to determine the need to make an earlier exit. Although this
means one more thing that you must worry about when working with threads, the flip side is
that this type of architecture ensures that the rug isn’t pulled out from under you, and that
you’ll be able to perform any necessary cleanup on thread termination. To add this code to the
Execute () method of TTestThread is rather simple, and the addition is shown here:

procedure TTestThread.Execute;
var
i: integer;
begin
FreeOnTerminate := True;
for i := 1 to 2000000 do begin
if Terminated then Break;
inc(Answer, Round(Abs(Sin(Sqrt(i)))));
end;
end;

CAUTION

In case of emergency, you can also use the Win32 API TerminateThread() function to
terminate an executing thread. You should do this only when no other options exist,
such as when a thread gets caught in an endless loop and stops responding. This
function is defined as follows:
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function TerminateThread(hThread: THandle; dwExitCode: DWORD) ;

The Handle property of TThread provides the APl thread handle, so you could call this
function with syntax similar to that shown here:

TerminateThread (MyHosedThread.Handle, 0);
If you choose to use this function, you should be wary of the negative side effects it
will cause. First, this function behaves differently under Windows NT/2000 and
Windows 95/98. Under Windows 95/98, TerminateThread() disposes of the stack asso-
ciated with the thread; under Windows NT/2000, the stack sticks around until the
process is terminated. Second, on all Win32 operating systems, TerminateThread ()
simply halts the execution, wherever it may be, and does not allow try..finally
blocks to clean up resources. This means that files opened by the thread would not
be closed, memory allocated by the thread would not be freed, and so forth. Also,
DLLs loaded by your process won't be notified when a thread destroyed with
TerminateThread() goes away, and this may cause problems when the DLL closes.
See Chapter 9, “Dynamic Link Libraries,” for more information on thread notifications
in DLLs.

Synchronizing with VCL

As mentioned several times earlier in this chapter, you should only access VCL properties or
methods from the application’s primary thread. This means that any code that accesses or
updates your application’s user interface should be executed from the context of the primary
thread. The disadvantages of this architecture are obvious, and this requirement might seem
rather limiting on the surface, but it actually has some redeeming advantages that you should
know about.

Advantages of a Single-Threaded User Interface

First, it greatly reduces the complexity of your application to have only one thread accessing
the user interface. Win32 requires that each thread that creates a window have its own message
loop using the GetMessage () function. As you might imagine, having messages coming into
your application from a variety of sources can make it extremely difficult to debug. Because an
application’s message queue provides a means for serializing input—fully processing one con-
dition before moving on to the next—you can depend in most cases on certain messages com-
ing before or after others. Adding another message loop throws this serialization of input out
the door, thereby opening you up to potential synchronization problems and possibly introduc-
ing a need for complex synchronization code.

Additionally, because VCL can depend on the fact that it will be accessed by only one thread
at any given time, the need for code to synchronize multiple threads inside VCL is obviated.
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The net result of this is better overall performance of your application due to a more stream-
lined architecture.

The Synchronize() Method

TThread provides a method called Synchronize () that allows for some of its own methods to
be executed from the application’s primary thread. Synchronize () is defined as follows:

procedure Synchronize(Method: TThreadMethod);

Its Method parameter is of type TThreadMethod (which means a procedural method that takes
no parameter), which is defined as follows:

type
TThreadMethod = procedure of object;

The method you pass as the Method parameter is the one that’s then executed from the applica-
tion’s primary thread. Going back to the TTestThread example, suppose you want to display
the result in an edit control on the main form. You could do this by introducing to TTestThread
a method that makes the necessary change to the edit control’s Text property and calling that
method by using Synchronize().

In this case, suppose this method is called GiveAnswer (). Listing 11.1 shows the complete
source code for this unit, called Thrdu, which includes the code to update the edit control on
the main form.

LisTING 11.1 The Thrdu.PAS Unit

unit ThrdU;
interface

uses
Classes;

type
TTestThread = class(TThread)
private
Answer: integer;
protected
procedure GiveAnswer;
procedure Execute; override;
end;

implementation
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uses SysUtils, Main;
{ TTestThread }
procedure TTestThread.GiveAnswer;
begin
MainForm.Edit1.Text := InttoStr(Answer);
end;

procedure TTestThread.Execute;

var
I: Integer;
begin
FreeOnTerminate := True;
for I :=1 to 2000000 do
begin
if Terminated then Break;
Inc(Answer, Round(Abs(Sin(Sqrt(I)))));
Synchronize (GiveAnswer);
end;
end;
end.

You already know that the Synchronize () method enables you to execute methods from the
context of the primary thread, but up to this point you’ve treated Synchronize () as sort of a
mysterious black box. You don’t know how it works—you only know that it does. If you’d like
to take a peek at the man behind the curtain, read on.

The first time you create a secondary thread in your application, VCL creates and maintains a
hidden thread window from the context of its primary thread. The sole purpose of this window
is to serialize procedure calls made through the Synchronize () method.

The Synchronize () method stores the method specified in its Method parameter in a private
field called FMethod and sends a VCL-defined CM_EXECPROC message to the thread window,
passing Self (Self being the TThread object in this case) as the 1Param of the message. When
the thread window’s window procedure receives this CM_EXECPROC message, it calls the method
specified in FMethod through the TThread object instance passed in the 1Param. Remember,
because the thread window was created from the context of the primary thread, the window
procedure for the thread window is also executed by the primary thread. Therefore, the method
specified in the FMethod field is also executed by the primary thread.

To see a more visual illustration of what goes on inside Synchronize(), look at Figure 11.2.
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Set FMethod to Foo. CM_EXECPROC window procedure of
Sends CM_EXECPROC > —> thread window. IParam is
messge to thread typecasted to TThread,
window, passing Self as and call is made to
IParam. FMethod.

FIGURe 11.2

A road map of the Synchronize() method.

Using Messages for Synchronization

As an alternative to the TThread.Synchronize () method, another technique for thread syn-
chronization is to use messages to communicate between threads. You can use the
SendMessage () or PostMessage () API function to send or post messages to windows operat-
ing in the context of another thread. For example, the following code could be used to set the
text in an edit control residing in another thread:

var
S: string;

begin
S := 'hello from threadland';

SendMessage (SomeEdit.Handle, WM_SETTEXT, @, Integer(PChar(S)));
end;

A Demo Application

To fully illustrate how multithreading in Delphi works, you can save the current project as
EZThrd. Then you can also put a memo control on the main form so that it resembles what’s
shown in Figure 11.3.

i DDG EZThid Demo B e
Press Start buttan then type in here:
Threads are furll Start
Answer
20834

FiGure 11.3
The main form of the EZThrd demo.
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The source code for the main unit is shown in Listing 11.2.

LisTING 11.2 The MAIN.PAS Unit for the EZThrd Demo

487

unit Main;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
Dialogs, StdCtrls, ThrdU;

type
TMainForm = class(TForm)

Edit1: TEdit;
Buttoni: TButton;
Memo1: TMemo;
Labell: TLabel;
Label2: TLabel;
procedure ButtoniClick(Sender: TObject);

private
{ Private declarations }
public
{ Public declarations }
end;
var

MainForm: TMainForm;
implementation
{$R *.DFM}

procedure TMainForm.ButtoniClick(Sender: TObject);
var
NewThread: TTestThread;
begin
NewThread := TTestThread.Create(False);
end;

end.

Notice that after you click the button to invoke the secondary thread, you can still type in the
memo control as if the secondary thread doesn’t exist. When the calculation is completed, the
result will be displayed in the edit control.

SNOILLVDI1ddy/ -

aaavagHuony (=

ONILIMAA



488

Advanced Techniques

PART Il

Priorities and Scheduling

As mentioned earlier, the operating system is in charge of scheduling each thread some CPU
cycles in which it may execute. The amount of time scheduled for a particular thread depends
on the priority assigned to the thread. An individual thread’s overall priority is determined by a
combination of the priority of the process that created the thread—called the priority class—
and the priority of the thread itself—called the relative priority.

Process Priority Class

The process priority class describes the priority of a particular process running on the system.
Win32 supports four distinct priority classes: Idle, Normal, High, and Realtime. The default
priority class for any process, of course, is Normal. Each of these priority classes has a corre-
sponding flag defined in the Windows unit. You can or any of these flags with the
dwCreationFlags parameter of CreateProcess() in order to spawn a process with a specific
priority. Additionally, you can use these flags to dynamically adjust the priority class of a given
process, as shown in a moment. Furthermore, each priority class can also be represented by a
numeric priority level, which is a value between 4 and 24 (inclusive).

NoTE

Modifying a process’s priority class requires special process privileges under Windows
NT/2000. The default settings allow processes to set their priority classes, but these
can be turned off by system administrators, particularly on high-load Windows
NT/2000 servers.

Table 11.1 shows each priority class and its corresponding flag and numeric value.

TaBLE 11.1 Process Priority Classes

Class Flag Value

Idle IDLE_PRIORITY_CLASS $40

Below normal* BELOW_NORMAL_PRIORITY_CLASS $4000

Normal NORMAL_PRIORITY_CLASS $20Above normal*
ABOVE_NORMAL_PRIORITY_CLASS $8000

High HIGH_PRIORITY_CLASS $80

Realtime REALTIME_PRIORITY_CLASS $100

*Available only on Windows 2000, and flag constant is not present in the Delphi 5 version of
Windows.pas.
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To get and set the priority class of a given process dynamically, Win32 provides the
GetPriorityClass() and SetPriorityClass() functions, respectively. These functions are
defined as follows:

function GetPriorityClass(hProcess: THandle): DWORD; stdcallj

function SetPriorityClass(hProcess: THandle; dwPriorityClass: DWORD): BOOL;
stdcall;

The hProcess parameter in both cases represents a handle to a process. In most cases, you’ll
be calling these functions in order to access the priority class of your own process. In that case,
you can use the GetCurrentProcess() API function. This function is defined as follows:

function GetCurrentProcess: THandle; stdcall;

The return value of these functions is a pseudo-handle for the current process. We say pseudo
because the function doesn’t create a new handle, and the return value doesn’t have to be
closed with CloseHandle (). It merely provides a handle that can be used to reference an exist-
ing handle.

To set the priority class of your application to High, use code similar to the following:

if not SetPriorityClass(GetCurrentProcess, HIGH_PRIORITY_CLASS) then
ShowMessage( 'Error setting priority class.');

CAUTION

In almost all cases, you should avoid setting the priority class of any process to
Realtime. Because most of the operating system threads run in a priority class lower
than Realtime, your thread will receive more CPU time than the OS itself, and that
could cause some unexpected problems.

Even bumping the priority class of the process to High can cause problems if the
threads of the process don’t spend most of their time idle or waiting for external
events (such as file I/0). One high-priority thread is likely to drain all CPU time away
from lower-priority threads and processes until it blocks on an event, goes idle, or
processes messages. Preemptive multitasking can easily be defeated by abusing
scheduler priorities.

Relative Priority

The other thing that goes into determining the overall priority of a thread is the relative priority
of a particular thread. The important distinction to make is that the priority class is associated
with a process and the relative priority is associated with individual threads within a process. A
thread can have any one of seven possible relative priorities: Idle, Lowest, Below Normal,
Normal, Above Normal, Highest, or Time Critical.
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TThread exposes a Priority property of an enumerated type TThreadPriority. There’s an
enumeration in this type for each relative priority:
type

TThreadPriority = (tpIdle, tpLowest, tpLower, tpNormal, tpHigher,

tpHighest, tpTimeCritical);

You can get and set the priority of any TThread object simply by reading from or writing to its
Priority property. The following code sets the priority of a TThread descendant instance
called MyThread to Highest:

MyThread.Priority := tpHighest.

Like priority classes, each relative priority is associated with a numeric value. The difference is
that the relative priority is a signed value that, when added to a process’s class priority, is used
to determine the overall priority of a thread within the system. For this reason, relative priority
is sometimes called delta priority. The overall priority of a thread can be any value from 1 to
31 (1 being the lowest). Constants are defined in the Windows unit that represents the signed
value for each priority. Table 11.2 shows how each enumeration in TThreadPriority maps to
an API constant.

TaBLE 11.2 Relative Priorities for Threads

TThreadPriority Constant Value
tpIdle THREAD_PRIORITY_IDLE -15%
tpLowest THREAD_PRIORITY_LOWEST -2
tpBelow Normal THREAD_PRIORITY_BELOW_NORMAL -1
tpNormal THREAD_PRIORITY_NORMAL 0
tpAbove Normal THREAD_PRIORITY_ABOVE_NORMAL 1
tpHighest THREAD_PRIORITY_HIGHEST 2
tpTimeCritical THREAD_PRIORITY_TIME_CRITICAL 15%

The reason the values for the tpIdle and tpTimeCritical priorities are marked with asterisks
is that, unlike the others, these relative priority values are not truly added to the class priority
to determine overall thread priority. Any thread that has the tpIdle relative priority, regardless
of its priority class, has an overall priority of 1. The exception to this rule is the Realtime pri-
ority class, which, when combined with the tpIdle relative priority, has an overall value of 16.
Any thread that has a priority of tpTimeCritical, regardless of its priority class, has an overall
priority of 15. The exception to this rule is the Realtime priority class, which, when combined
with the tpTimeCritical relative priority, has an overall value of 31.
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Suspending and Resuming Threads

Recall when you learned about TThread’s Create() constructor earlier in this chapter. At the
time, you discovered that a thread could be created in a suspended state, and that you must call
its Resume () method in order for the thread to begin execution. As you might guess, a thread
can also be suspended and resumed dynamically. You accomplish this using the Suspend ()
method in conjunction with the Resume () method.

Timing a Thread

Back in the 16-bit days when we programmed under Windows 3.x, it was pretty common to
wrap some portion of code with calls to GetTickCount () or timeGetTime () to determine how
much time a particular calculation may take (something like the following, for example):
var

StartTime, Total: Longint;
begin

StartTime := GetTickCount;

{ Do some calculation here }
Total := GetTickCount - StartTime;

In a multithreaded environment, this is much more difficult to do, because your application
may be preempted by the operating system in the middle of the calculation in order to provide
CPU cycles to other processes. Therefore, any timing you do that relies on the system time
can’t provide a true measure of how long it spends crunching the calculation in your thread.

To avoid such problems, Win32 under Windows N'T/2000 provides a function called
GetThreadTimes (), which provides quite detailed information on thread timing. This function
is declared as follows:

function GetThreadTimes(hThread: THandle; var 1lpCreationTime, 1lpExitTime,
1pKernelTime, lpUserTime: TFileTime): BOOL; stdcall;

The hThread parameter is the handle to the thread for which you want to obtain timing infor-
mation. The other parameters for this function are passed by reference and are filled in by the
function. Here’s an explanation of each:

e 1lpCreationTime. The time when the thread was created.

e 1pExitTime. The time when the thread was exited. If the thread is still running, this
value is undefined.

e 1pKernelTime. The amount of time the thread has spent executing operating system code.

e 1lpUserTime. The amount of time the thread has spent executing application code.
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Each of the last four parameters is of type TFileTime, which is defined in the Windows unit as
follows:
type
TFileTime = record
dwLowDateTime: DWORD;
dwHighDateTime: DWORD;
end;

The definition of this type is a bit unusual, but it’s a part of the Win32 API, so here goes:
dwLowDateTime and dwHighDateTime are combined into a quad word (64-bit) value that repre-
sents the number of 100-nanosecond intervals that have passed since January 1, 1601. This
means, of course, that if you wanted to write a simulation of English fleet movements as they
defeated the Spanish Armada in 1588, the TFileTime type would be a wholly inappropriate
way to keep track of time...but we digress.

Tip

Because the TFileTime type is 64 bits in size, you can typecast a TFileTime to an
Int64 type in order to perform arithmetic on TFileTime values. The following code
demonstrates how to quickly tell whether one TFileTime is greater than another:

if Int64(UserTime) > Int64(KernelTime) then Beep;

In order to help you work with TFileTime values in a manner more native to Delphi, the fol-
lowing functions allow you to convert back and forth between TFileTime and TDateTime

types:
function FileTimeToDateTime(FileTime: TFileTime): TDateTime;
var
SysTime: TSystemTime;
begin
if not FileTimeToSystemTime(FileTime, SysTime) then
raise EConvertError.CreateFmt('FileTimeToSystemTime failed. ' +

'"Error code %d', [GetLastError]);
with SysTime do
Result := EncodeDate(wYear, wMonth, wbDay) +
EncodeTime (wHour, wMinute, wSecond, wMilliseconds)
end;

function DateTimeToFileTime (DateTime: TDateTime): TFileTime;
var
SysTime: TSystemTime;
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begin
with SysTime do
begin
DecodeDate(DateTime, wYear, wMonth, wDay);
DecodeTime (DateTime, wHour, wMinute, wSecond, wMilliseconds);
wDayOfWeek := DayOfWeek(DateTime);
end;
if not SystemTimeToFileTime(SysTime, Result) then
raise EConvertError.CreateFmt('SystemTimeToFileTime failed. ' +
+ 'Error code %d', [GetLastError]);
end;

CAUTION

Remember that the GetThreadTimes () function is implemented only under Windows
NT/2000. The function always returns False when called under Windows 95 or 98.
Unfortunately, Windows 95/98 doesn’t provide any mechanism for retrieving thread-
timing information.

Managing Multiple Threads

As indicated earlier, although threads can solve a variety of programming problems, they’re
also likely to introduce new types of problems that you must deal with in your applications.
Most commonly, these problems revolve around multiple threads accessing global resources,
such as global variables or handles. Additionally, problems can arise when you need to ensure
that some event in one thread always occurs before or after some other event in another thread.
In this section, you learn how to tackle these problems by using the facilities provided by
Delphi for thread-local storage and those provided by the API for thread synchronization.

Thread-Local Storage

Because each thread represents a separate and distinct path of execution within a process, it
logically follows that you will at some point want to have a means for storing data associated
with each thread. There are three techniques for storing data unique to each thread: the first
and most straightforward involves local (stack-based) variables. Because each thread gets its
own stack, each thread executing within a single procedure or function will have its own copy
of local variables. The second technique is to store local information in your TThread descen-
dant object. Finally, you can also use Object Pascal’s threadvar reserved word to take advan-
tage of operating system-level thread-local storage.
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TThread Storage
Storing pertinent data in the TThread descendant object should be your technique of choice for
thread-local storage. It’s both more straightforward and more efficient than using threadvar
(described later). To declare thread-local data in this manner, simply add it to the definition of
your TThread descendant, as shown here:
type

TMyThread = class(TThread)

private

FLocalInt: Integer;
FLocalStr: String;

end;

Tip

It's about 10 times faster to access a field of an object than to access a threadvar
variable, so you should store your thread-specific data in your TThread descendant, if
possible. Data that doesn’t need to exist for more than the lifetime of a particular
procedure or function should be stored in local variables, because those are faster
still than the fields of a TThread object.

threadvar: APl Thread-Local Storage

Earlier we mentioned that each thread is provided with its own stack for storing local variables,
whereas global data has to be shared by all threads within an application. For example, say you
have a procedure that sets or displays the value of a global variable. When you call the proce-
dure passing a text string, the global variable is set, and when you call the procedure passing
an empty string, the global variable is displayed. Such a procedure might look like this:

var

GlobalStr: String;
procedure SetShowStr(const S: String);

begin
if S = "'' then
MessageBox (@, PChar(GlobalStr), 'The string is...', MB_OK)
else

GlobalStr := S;
end;

If this procedure is called from within the context of one thread only, there wouldn’t be any
problems. You’d call the procedure once to set the value of GlobalStr and call it again to dis-
play the value. However, consider what can happen if two or more threads call this procedure
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at any given time. In such a case, it’s possible that one thread could call the procedure to set
the string and then get preempted by another thread that might also call the function to set the
string. By the time the operating system gives CPU time back to the first thread, the value of
Globalstr for that thread will be hopelessly lost.

For situations such as these, Win32 provides a facility known as thread-local storage that
enables you to create separate copies of global variables for each running thread. Delphi nicely
encapsulates this functionality with the threadvar clause. Just declare any global variables you
want to exist separately for each thread within a threadvar (as opposed to var) clause, and the
work is done. A redeclaration of the GlobalStr variable is as simple as this:

threadvar
GlobalStr: String;

The unit shown in Listing 11.3 illustrates this very problem. It represents the main unit to a
Delphi application that contains only a button on a form. When the button is clicked, the proce-
dure is called to set and then to show GlobalStr. Next, another thread is created, and the value
internal to the thread is set and shown again. After the thread creation, the primary thread again
calls SetShowStr to display GlobalStr

Try running this application with GlobalStr declared as a var and then as a threadvar. You’ll
see a difference in the output.

LisTING 11.3 The MAIN.PAS Unit for Thread-Local Storage Demo

Done. -sunit Main;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
Dialogs, StdCtrls;

type
TMainForm = class(TForm)
Buttoni: TButton;
procedure ButtoniClick(Sender: TObject);

private
{ Private declarations }
public
{ Public declarations }
end;
var

MainForm: TMainForm;

continues
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LisTiINnG 11.3 Continued

implementation
{$R *.DFM}

{ NOTE: Change GlobalStr from var to threadvar to see difference }
var

//threadvar
GlobalStr: string;

type
TTLSThread = class(TThread)
private
FNewStr: String;
protected
procedure Execute; override;
public
constructor Create(const ANewStr: String);
end;

procedure SetShowStr(const S: String);

begin
if § = '' then
MessageBox (@, PChar(GlobalStr), 'The string is...', MB_OK)
else

GlobalStr := S;
end;

constructor TTLSThread.Create(const ANewStr: String);
begin

FNewStr := ANewStr;

inherited Create(False);
end;

procedure TTLSThread.Execute;

begin
FreeOnTerminate := True;
SetShowStr (FNewStr);
SetShowStr('');

end;

procedure TMainForm.ButtoniClick(Sender: TObject);
begin

SetShowStr('Hello world');

SetShowStr('');

TTLSThread.Create('Dilbert');
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Sleep(100);
SetShowStr('');
end;

end.

NoTE
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The demo program calls the Win32 API Sleep() procedure after creating the thread.
Sleep() is declared as follows:

procedure Sleep(dwMilliseconds: DWORD); stdcall;
The Sleep() procedure tells the operating system that the current thread doesn‘t
need any more CPU cycles for another dwMilliseconds milliseconds. Inserting this call
into the code has the effect of simulating system conditions where more multitasking
is occurring and introducing a bit more “randomness” into the application as to
which threads will be executing when.
It's often acceptable to pass zero in the dwMilliseconds parameter. Although that
doesn’t prevent the current thread from executing for any specific amount of time, it
does cause the operating system to give CPU cycles to any waiting threads of equal
or greater priority.
Be careful of using Sleep() to work around mysterious timing problems. Sleep ()
may work around a particular problem on your machine, but timing problems that
are not solved conclusively will pop up again on somebody else’s machine, especially
when the machine is significantly faster or slower or has a different number of
processors than your machine.

Thread Synchronization

When working with multiple threads, you’ll often need to synchronize the access of threads to
some particular piece of data or resource. For example, suppose you have an application that
uses one thread to read a file into memory and another thread to count the number of charac-
ters in the file. It goes without saying that you can’t count all the characters in the file until the
entire file has been loaded into memory. However, because each operation occurs in its own
thread, the operating system would like to treat them as two completely unrelated tasks. To fix
this problem, you must synchronize the two threads so that the counting thread doesn’t execute
until the loading thread finishes.

These are the types of problems that thread synchronization addresses, and Win32 provides a
variety of ways to synchronize threads. In this section, you’ll see examples of thread synchro-
nization techniques using critical sections, mutexes, semaphores, and events.
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In order to examine these techniques, first take a look at a problem involving threads that need
to be synchronized. For the purpose of illustration, suppose you have an array of integers that
needs to be initialized with ascending values. You want to first go through the array and set the
values from 1 to 128 and then reinitialize the array with values from 128 to 255. You’ll then
display the final thread in a list box. An approach to this might be to perform the initializations
in two separate threads. Consider the code in Listing 11.4 for a unit that attempts to perform
this task.

Listing 11.4 A Unit That Attempts to Initialize an Array in Threads

unit Main;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
Dialogs, StdCtrls;

type

TMainForm = class(TForm)

Buttoni: TButton;

ListBox1: TListBox;

procedure ButtoniClick(Sender: TObject);
private

procedure ThreadsDone(Sender: TObject);
end;

TFooThread = class(TThread)
protected

procedure Execute; override;
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

const
MaxSize = 128;

var
NextNumber: Integer = 0;
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DoneFlags: Integer = 0;
GlobalArray: array[1..MaxSize] of Integer;

function GetNextNumber: Integer;

begin
Result := NextNumber; // return global var
Inc (NextNumber); // inc global var
end;

procedure TFooThread.Execute;
var
i: Integer;
begin
OnTerminate := MainForm.ThreadsDone;
for i := 1 to MaxSize do
begin
GlobalArray[i] := GetNextNumber; // set array element
Sleep(5); /] let thread intertwine
end;
end;

procedure TMainForm.ThreadsDone(Sender: TObject);

var
i: Integer;
begin
Inc(DoneFlags);
if DoneFlags = 2 then // make sure both threads finished
for i := 1 to MaxSize do
{ fill listbox with array contents }
Listbox1.Items.Add(IntToStr(GlobalArray[i]));
end;

procedure TMainForm.Buttoni1Click(Sender: TObject);
begin
TFooThread.Create(False); // create threads
TFooThread.Create(False);
end;

end.

Because both threads will execute simultaneously, what happens is that the contents of the
array are corrupted as it’s initialized. As proof, take a look at the output of this code, as shown
in Figure 11.4.
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FIGURE 11.4

Output from unsynchronized array initialization.

The solution to this problem is to synchronize the two threads as they access the global array
so that they don’t both dive in at the same time. You can take any of a number of valid
approaches to this problem.

Critical Sections

Critical sections provide one of the most straightforward ways to synchronize threads. A criti-
cal section is some section of code that allows only one thread to execute through it at a time.
If you wrap the code used to initialize the array in a critical section, other threads will be
blocked from entering the code section until the first finishes.

Prior to using a critical section, you must initialize it using the InitializeCriticalSection()
API procedure, which is declared as follows:

procedure InitializeCriticalSection(var lpCriticalSection:
TRTLCriticalSection); stdcall;

lpCriticalSection is a TRTLCriticalSection record that’s passed by reference. The exact
definition of TRTLCriticalSection is unimportant, because you’ll rarely (if ever) actually look
at the contents of one. You’ll pass an uninitialized record in the 1pCriticalSection parameter,
and the record will be filled by the procedure.

NoTE

Microsoft deliberately obscures the structure of the TRTLCriticalSection record
because the contents vary from one hardware platform to another, and because tin-
kering with the contents of this structure can potentially wreak havoc on your
process. On Intel-based systems, the critical section structure contains a counter, a
field containing the current thread handle, and (potentially) a handle of a system
event. On Alpha hardware, the counter is replaced with an Alpha-CPU data structure
called a spinlock, which is more efficient than the Intel solution.
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When the record is filled, you can create a critical section in your application by wrapping
some block of code with calls to EnterCriticalSection() and LeaveCriticalSection().
These procedures are declared as follows:
procedure EnterCriticalSection(var lpCriticalSection:

TRTLCriticalSection); stdcall;

procedure LeaveCriticalSection(var 1lpCriticalSection:
TRTLCriticalSection); stdcall;

As you might guess, the 1pCriticalSection parameter you pass these guys is the same one
that’s filled in by the InitializeCriticalSection() procedure

When you’re finished with the TRTLCriticalSection record, you should clean up by calling
the DeleteCriticalSection() procedure, which is declared as follows:

procedure DeleteCriticalSection(var lpCriticalSection:
TRTLCriticalSection); stdcall;

Listing 11.5 demonstrates the technique for synchronizing the array-initialization threads with
critical sections.

Listing 11.5 Using Critical Sections

unit Main;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
Dialogs, StdCtrls;

type

TMainForm = class(TForm)

Buttoni: TButton;

ListBox1: TListBox;

procedure ButtoniClick(Sender: TObject);
private

procedure ThreadsDone(Sender: TObject);
end;

TFooThread = class(TThread)
protected

procedure Execute; override;
end;

var
MainForm: TMainForm;

continues
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ListinG 11.5 Continued

implementation
{$R *.DFM}

const
MaxSize = 128;

var
NextNumber: Integer = 0;
DoneFlags: Integer = 0;
GlobalArray: array[1..MaxSize] of Integer;
CS: TRTLCriticalSection;

function GetNextNumber: Integer;

begin
Result := NextNumber; // return global var
inc (NextNumber) ; // inc global var
end;

procedure TFooThread.Execute;

var
i: Integer;
begin
OnTerminate := MainForm.ThreadsDone;
EnterCriticalSection(CS); // CS begins here
for i := 1 to MaxSize do
begin
GlobalArray[i] := GetNextNumber; // set array element
Sleep(5); /] let thread intertwine
end;
LeaveCriticalSection(CS); // CS ends here
end;

procedure TMainForm.ThreadsDone(Sender: TObject);
var
i: Integer;
begin
inc(DoneFlags);
if DoneFlags = 2 then
begin // make sure both threads finished
for i := 1 to MaxSize do
{ fill listbox with array contents }
Listbox1.Items.Add(IntToStr(GlobalArray[i]));
DeleteCriticalSection(CS);
end;
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end;

procedure TMainForm.ButtoniClick(Sender: TObject);

begin
InitializeCriticalSection(CS);
TFooThread.Create(False); // create threads
TFooThread.Create(False);

end;

end.

After the first thread passes through the call to EnterCriticalSection(), all other threads are
prevented from entering that block of code. The next thread that comes along to that line of
code is put to sleep until the first thread calls LeaveCriticalSection (). At that point, the sec-
ond thread is awakened and allowed to take control of the critical section. Figure 11.5 shows
the output of this application when the threads are synchronized.
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FIGURE 11.5

Output from synchronized array initialization.

Mutexes

Mutexes work very much like critical sections except for two key differences: First, mutexes
can be used to synchronize threads across process boundaries. Second, mutexes can be given a
string name, and additional handles to existing mutex objects can be created by referencing
that name.

503

Tip

Semantics aside, the biggest difference between critical sections and event objects
such as mutexes is performance: Critical sections are very lightweight—as few as

continues
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10-15 clock cycles to enter or leave the critical section when there are no thread colli-
sions. As soon as there is a thread collision for that critical section, the system creates
an event object (a mutex, probably). The cost of using event objects such as mutexes
is that it requires a roundtrip into the kernel, which requires a process context switch
and a change of ring levels, which piles up to 400 to 600 clock cycles each way. All
this overhead is incurred even if your app doesn’t currently have multiple threads, or
if no other threads are contending for the resource you're protecting.

The function used to create a mutex is appropriately called CreateMutex (). This function is
declared as follows:

function CreateMutex(lpMutexAttributes: PSecurityAttributes;
bInitialOwner: BOOL; lpName: PChar): THandle; stdcall;

lpMutexAttributes is a pointer to a TSecurityAttributes record. It’s common to pass nil in
this parameter, in which case the default security attributes will be used.

bInitialOwner indicates whether the thread creating the mutex should be considered the
owner of the mutex when it’s created. If this parameter is False, the mutex is unowned.

1pName is the name of the mutex. This parameter can be nil if you don’t want to name the
mutex. If this parameter is non-nil, the function will search the system for an existing mutex
with the same name. If an existing mutex is found, a handle to the existing mutex is returned.
Otherwise, a handle to a new mutex is returned.

When you’re finished using a mutex, you should close it using the CloseHandle () API function.

Listing 11.6 again demonstrates the technique for synchronizing the array-initialization
threads, except this time it uses mutexes.

LisTiNG 11.6 Using Mutexes for Synchronization

Done. -sunit Mainj;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
Dialogs, StdCtrls;

type
TMainForm = class(TForm)
Buttoni: TButton;
ListBox1: TListBox;



Writing Multithreaded Applications

procedure ButtoniClick(Sender: TObject);
private

procedure ThreadsDone(Sender: TObject);
end;

TFooThread = class(TThread)
protected

procedure Execute; override;
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

const

MaxSize = 128;

var

CHAPTER 11
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NextNumber:
DoneFlags: Integer =
GlobalArray: arrayl[1
hMutex: THandle = 0;

function GetNextNumber:

begin
Result := NextNumber
Inc (NextNumber);
end;

Integer =

0;
0;
..MaxSize] of Integer;

Integer;

; /] return global var
// inc global var

procedure TFooThread.Execute;

var
i: Integer;

begin
FreeOnTerminate := T
OnTerminate :=

if WaitForSingleObject (hMutex,

begin
for i :=
begin
GlobalArray[i]
Sleep(5);
end;
end;

1= GetNextNumber; //

rue;

MainForm.ThreadsDone;

INFINITE) = WAIT_OBJECT_O then

1 to MaxSize do

set array element
// let thread intertwine

continues
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LisTING 11.6 Continued

ReleaseMutex (hMutex);
end;

procedure TMainForm.ThreadsDone(Sender: TObject);

var
i: Integer;
begin
Inc(DoneFlags);
if DoneFlags = 2 then // make sure both threads finished
begin
for i := 1 to MaxSize do
{ fill listbox with array contents }
Listbox1.Items.Add(IntToStr(GlobalArray[i]));
CloseHandle (hMutex);
end;
end;

procedure TMainForm.Buttoni1Click(Sender: TObject);

begin
hMutex := CreateMutex(nil, False, nil);
TFooThread.Create(False); // create threads
TFooThread.Create(False);

end;

end.

You’ll notice that in this case the WaitForSingleObject() function is used to control thread
entry into the synchronized block of code. This function is declared as follows:

function WaitForSingleObject(hHandle: THandle; dwMilliseconds: DWORD):
DWORD; stdcall;

The purpose of this function is to sleep the current thread up to dwMilliseconds milliseconds
until the API object specified in the hHandle parameter becomes signaled. Signaled means dif-
ferent things for different objects. A mutex becomes signaled when it’s not owned by a thread,
whereas a process, for example, becomes signaled when it terminates. Apart from an actual
period of time, the dwMilliseconds parameter can also have the value 0, which means to
check the status of the object and return immediately, or INFINITE, which means to wait for-
ever for the object to become signaled. The return value of this function can be any one of the
values shown in Table 11.3.
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TaBLE 11.3 WAIT constants used by WaitForSingleObject() API function.
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Value Meaning

WAIT_ABANDONED The specified object is a mutex object, and the thread owning the mutex was
exited before it freed the mutex. This circumstance is referred to as an aban-
doned mutex; in such a case, ownership of the mutex object is granted to the
calling thread, and the mutex is set to nonsignaled.

WAIT_OBJECT_0 The state of the specified object is signaled.

WAIT_TIMEOUT The timeout interval elapsed, and the object’s state is nonsignaled.

Again, when a mutex isn’t owned by a thread, it’s in the signaled state. The first thread to call
WaitForSingleObject() on this mutex is given ownership of the mutex, and the state of the
mutex object is set to nonsignaled. The thread’s ownership of the mutex is severed when the
thread calls the ReleaseMutex () function, passing the mutex handle as the parameter. At that
point, the state of the mutex again becomes signaled.

NoTE

In addition to WaitForSingleObject (), the Win32 API also has functions called
WaitForMultipleObjects() and MsgWaitForMultipleObjects(), which enable you to
wait for the state of one or more objects to become signaled. These functions are
documented in the Win32 API online help.

Semaphores

Another technique for thread synchronization involves using semaphore API objects.
Semaphores build on the functionality of mutexes while adding one important feature: They
offer the capability of resource counting so that a predetermined number of threads can enter
synchronized pieces of code at one time. The function used to create a semaphore is
CreateSemaphore (), and it’s declared as follows:

function CreateSemaphore(lpSemaphoreAttributes: PSecurityAttributes;
1InitialCount, 1MaximumCount: Longint; 1pName: PChar): THandle;stdcall;

Like CreateMutex (), the first parameter to CreateSemaphore () is a pointer to a
TSecurityAttributes record to which you can pass Nil for the defaults.

lInitialCount is the initial count of the semaphore object. This is a number between @ and
1MaximumCount. A semaphore is signaled as long as this parameter is greater than zero. The
count of a semaphore is decremented whenever WaitForSingleObject () (or one of the other
wait functions) releases a thread. A semaphore’s count is increased by using the
ReleaseSemaphore () function.
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1IMaximumCount specifies the maximum count value of the semaphore object. If the semaphore
is used to count some resources, this number should represent the total number of resources
available.

1pName is the name of the semaphore. This parameter behaves the same as the parameter of the
same name in CreateMutex().

Listing 11.7 demonstrates using semaphores to perform synchronization of the array-initializa-
tion problem.

LisTing 11.7 Using Semaphores for Synchronization

Done. -sunit Main;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
Dialogs, StdCtrls;

type

TMainForm = class(TForm)

Buttoni: TButton;

ListBox1: TListBox;

procedure ButtoniClick(Sender: TObject);
private

procedure ThreadsDone(Sender: TObject);
end;

TFooThread = class(TThread)
protected

procedure Execute; override;
end;

var
MainForm: TMainForm;

implementation
{$R *.DFM}

const
MaxSize = 128;

var
NextNumber: Integer = 0;
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DoneFlags: Integer = 0;
GlobalArray: array[1..MaxSize] of Integer;
hSem: THandle = 0;

function GetNextNumber: Integer;

begin
Result := NextNumber; // return global var
Inc(NextNumber); // inc global var
end;

procedure TFooThread.Execute;

var
i: Integer;
WaitReturn: DWORD;

begin
OnTerminate := MainForm.ThreadsDone;

WaitReturn := WaitForSingleObject(hSem, INFINITE);
if WaitReturn = WAIT_OBJECT_0 then
begin
for i := 1 to MaxSize do
begin
GlobalArray[i] := GetNextNumber; // set array element
Sleep(5); // let thread intertwine
end;
end;
ReleaseSemaphore(hSem, 1, nil);
end;

procedure TMainForm.ThreadsDone(Sender: TObject);
var
i: Integer;
begin
Inc(DoneFlags);
if DoneFlags = 2 then // make sure both threads finished
begin
for i := 1 to MaxSize do
{ fill listbox with array contents }
Listbox1.Items.Add(IntToStr(GlobalArray[i]));
CloseHandle (hSem);
end;
end;

procedure TMainForm.ButtoniClick(Sender: TObject);
begin
hSem := CreateSemaphore(nil, 1, 1, nil);
TFooThread.Create(False); // create threads

continues
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LisTinG 11.7 Continued

TFooThread.Create(False);
end;

end.

Because you allow only one thread to enter the synchronized portion of code, the maximum
count for the semaphore is 1 in this case.

The ReleaseSemaphore () function is used to increase the count for the semaphore. Notice that
this function is a bit more involved than its cousin, ReleaseMutex (). The declaration for
ReleaseSemaphore() is as follows:

function ReleaseSemaphore(hSemaphore: THandle; 1lReleaseCount: Longint;
1pPreviousCount: Pointer): BOOL; stdcall;

The 1ReleaseCount parameter enables you to specify the number by which the count of the
semaphore will be increased. The old count will be stored in the longint pointed to by the
1pPreviousCount parameter if its value is not Nil. A subtle implication of this capability is
that a semaphore is never really owned by any thread in particular. For example, suppose the
maximum count of a semaphore is 10, and 10 threads call WaitForSingleObject () to set the
count of the thread to @ and put the thread in a nonsignaled state. All it takes is one of those
threads to call ReleaseSemaphore () with 10 as the 1ReleaseCount parameter in order to not
only make the thread signaled again, but to increase the count back to 10. This powerful capa-
bility can introduce some hard-to-track-down bugs into your applications, so you should use it
with care.

Be sure to use the CloseHandle() function to free the semaphore handle allocated with
CreateSemaphore().

A Sample Multithreaded Application

To demonstrate the usage of TThread objects within the context of a real-world application,
this section focuses on creating a file-search application that performs its searches in a special-
ized thread. The project is called DelSrch, which stands for Delphi Search, and the main form
for this utility is shown in Figure 11.6.

The application works like this. The user chooses a path through which to search and provides
a file specification to indicate the types of files to be searched. The user also enters a token to
search for in the appropriate edit control. Some option check boxes on one side of the form
enable the user to tailor the application to suit his or her needs for a particular search. When
the user clicks the Search button, a search thread is created and the appropriate search informa-
tion—such as token, path, and file specification—is passed to the TThread descendant object.
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When the search thread finds the search token in certain files, information is appended to the
list box. Finally, if the user double-clicks a file in the list box, the user can browse it with a
text editor or view it from its desktop association.

i Delphi Search =B

| =

Search Parameter Options

Path: [edtPathName Browse...| I~ Case Sensitive

[~ File names only
File Spec: [edifilsSpec ™ Recurse Subdis
Token: [edtToken I~ Run from Assaciation

(=] Search @) Esit Print @ Priority
[

7|

FiGure 11.6
The Main form for the DelSrch project.

Although this is a fairly full-featured application, we’ll focus mainly on explaining the applica-
tion’s key search features and how they relate to multithreading.

The User Interface

The main unit for the application is called Main.pas. Shown in Listing 11.8, this unit is respon-
sible for managing the main form and the overall user interface. In particular, this unit contains
the logic for owner-drawing the list box, invoking a viewer for files in the list box, invoking the
search thread, printing the list box contents, and reading and writing UI settings to an INI file.

LisTING 11.8 The Main.pas Unit for the De1Srch Project
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unit Srchu;
interface

uses Classes, StdCtrls;

type
TSearchThread = class(TThread)
private

continues
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LB: TListbox;
CaseSens: Boolean;
FileNames: Boolean;
Recurse: Boolean;
SearchStr: string;
SearchPath: string;
FileSpec: string;
AddStr: string;
FSearchFile: string;
procedure AddToList;
procedure DoSearch(const Path: string);
procedure FindAllFiles(const Path: string);
procedure FixControls;
procedure ScanForStr(const FName: string; var FileStr: string);
procedure SearchFile(const FName: string);
procedure SetSearchFile;
protected
procedure Execute; override;
public
constructor Create(CaseS, FName, Rec: Boolean; const Str, SPath,
FSpec: string);
destructor Destroy; override;
end;

implementation
uses SysUtils, StrUtils, Windows, Forms, Main;

constructor TSearchThread.Create(CaseS, FName, Rec: Boolean; const Str,
SPath, FSpec: string);

begin
CaseSens := CaseS;
FileNames := FName;
Recurse := Rec;

SearchStr := Str;
SearchPath := AddBackSlash(SPath);
FileSpec := FSpec;
inherited Create(False);
end;

destructor TSearchThread.Destroy;
begin
FSearchFile := '';
Synchronize(SetSearchFile);
Synchronize (FixControls);
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inherited Destroy;
end; 1 1
»=
procedure TSearchThread.Execute; 3 E
begin g =
FreeOnTerminate := True; // set up all the fields 2 %
LB := MainForm.lbFiles; Sz
Priority := TThreadPriority(MainForm.SearchPri); g
if not CaseSens then SearchStr := UpperCase(SearchStr);
FindAllFiles(SearchPath); // process current directory
if Recurse then // if subdirs, then...
DoSearch(SearchPath); // recurse, otherwise...
end;

procedure TSearchThread.FixControls;
{ Enables controls in main form. Must be called through Synchronize }
begin
MainForm.EnableSearchControls(True);
end;

procedure TSearchThread.SetSearchFile;
{ Updates status bar with filename. Must be called through Synchronize }
begin
MainForm.StatusBar.Panels[1].Text := FSearchFile;
end;

procedure TSearchThread.AddToList;
{ Adds string to main listbox. Must be called through Synchronize }
begin
LB.Items.Add(AddStr);
end;

procedure TSearchThread.ScanForStr(const FName: string; var FileStr: string);
{ Scans a FileStr of file FName for SearchStr }
var

Marker: string[1];

FoundOnce: Boolean;

FindPos: integer;

begin
FindPos := Pos(SearchStr, FileStr);
FoundOnce := False;
while (FindPos <> @) and not Terminated do
begin
if not FoundOnce then
begin
{ use ":" only if user doesn't choose "filename only" }

continues
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if FileNames then
Marker := '
else
Marker := ':';
{ add file to listbox }
AddStr := Format('File %s%s', [FName, Marker]);
Synchronize (AddToList);
FoundOnce := True;
end;
{ don't search for same string in same file if filenames only }
if FileNames then Exit;

{ Add line if not filename only }
AddStr := GetCurLine(FileStr, FindPos);
Synchronize (AddToList);
FileStr := Copy(FileStr, FindPos + Length(SearchStr), Length(FileStr));
FindPos := Pos(SearchStr, FileStr);
end;
end;

procedure TSearchThread.SearchFile(const FName: string);
{ Searches file FName for SearchStr }
var

DataFile: THandle;

FileSize: Integer;

SearchString: string;

begin
FSearchFile := FName;
Synchronize(SetSearchFile);
try

DataFile := FileOpen(FName, fmOpenRead or fmShareDenyWrite);
if DataFile = @ then raise Exception.Create('');
try
{ set length of search string }
FileSize := GetFileSize(DataFile, nil);
SetLength(SearchString, FileSize);
{ Copy file data to string }
FileRead(DataFile, Pointer(SearchString)"~, FileSize);
finally
CloseHandle(DataFile);
end;
if not CaseSens then SearchString := UpperCase(SearchString);
ScanForStr(FName, SearchString);
except
on Exception do
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begin
AddStr := Format('Error reading file: %s', [FName]);
Synchronize (AddToList);
end;
end;

end;

procedure TSearchThread.FindAllFiles(const Path: string);
{ procedure searches Path subdir for files matching filespec }
var
SR: TSearchRec;
begin
{ find first file matching spec }
if FindFirst(Path + FileSpec, faArchive, SR) = 0 then

try
repeat
SearchFile(Path + SR.Name); // process file
until (FindNext(SR) <> @) or Terminated; // find next file
finally
SysUtils.FindClose(SR); // clean up
end;

end;

procedure TSearchThread.DoSearch(const Path: string);
{ procedure recurses through a subdirectory tree starting at Path }
var
SR: TSearchRec;
begin
{ look for directories }
if FindFirst(Path + '*.*', faDirectory, SR) = 0 then

try
repeat
{ if it's a directory and not '."' or '..' then... }
if ((SR.Attr and faDirectory) <> 0) and (SR.Name[1] <> '.') and
not Terminated then
begin
FindAllFiles(Path + SR.Name + '\'); // process directory
DoSearch(Path + SR.Name + '\'); // recurse
end;
until (FindNext(SR) <> @) or Terminated; // find next directory
finally
SysUtils.FindClose(SR); // clean up
end;

end;

end.
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Several things worth mentioning happen in this unit. First, you’ll notice the fairly small
PrintStrings() procedure that’s used to send the contents of TStrings to the printer. To
accomplish this, the procedure takes advantage of Delphi’s AssignPrn() standard procedure,
which assigns a TextFile variable to the printer. That way, any text written to the TextFile is
automatically written to the printer. When you’re finished writing to the printer, be sure to use
the CloseFile () procedure to close the connection to the printer.

Also of interest is the use of the ShellExecute() Win32 API procedure to launch a viewer for
a 