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>
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< > ::= < >

< > ::= < > < >

[< >]

< > ::= InSignals < Long>

< > ::= OutSignals < Long>

< > ::= Parameters < Long>

< > ::= < > [< >]

< > ::= ParamType < > < >

< > ::= < >

< > ::= {Parameters[< > [..< > [< >]]] �
InSignals[< > [..< > [< >]]]} [;< >]

< > ::= < > [< -

>]

< > ::= ParamDef < > < > < -

>

< > ::= < Real>
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< > ::= < >
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< > ::= < > < >

< > ::= Forw [< >] < >
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< > ::= Contents < >
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<  > ::= < Long>

< > ::= < >

< > ::= < > [,<

>]

< > ::= {< > � <  � >}

< > ::= {< , , , InSignals > �
< , , , OutSignals > � <

, , , Parameters >}

< >::= End < >

< > ::= End NetLib

< > ::= < > < > < > < -

> < >

< > ::= NetWork < > [Used < >]

< > ::= < >

< > ::= MainNet < > [(< -

>)]

< > ::= < > <

>

< > ::= Parameters < >;

< > ::= < > [, < >]

< > ::= ParamMask < >;

< > ::= < Logic> [,< >]

< > ::= End NetWork
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. -

, . -

 (S_Train, Adaptiv_Sum, Square_Sum),  (Sum,

S_NotTrain, Branch). 

ParamType, ParamDef, Forw  Back.

 ParamType. ,

 DefaultType. 

 ( ) -

.  ParamDef, Forw

 Back.

 ParamDef. 

.

 DefaultType. -

. ,

.  Forw 

Back.

: Forw  Back. -

, .

Forw  Back .

Var, ,

«;». ,  ( )

, .  Forw  Back -

:

Pascal:

Procedure Forw( InSignals, OutSignals, Parameters : PRealArray);

Procedure Back(InSignals, OutSignals, Parameters, Back.InSignals,

Back.OutSignals, Back.Parameters : PRealArray);

C

void Forw(PRealArray InSignals, PRealArray OutSignals, PRealArray Parameters)

void Back(PRealArray InSignals, PRealArray OutSignals, PRealArray Parameters,

PRealArray Back.InSignals, PRealArray Back.OutSignals, PRealArray Back.Parameters)

 Forw -

 (OutSignals). , -

,

 (InSignals)  (Parameters).

 Back -

,

(Back.InSignals)  (Back.Parameters). , -

, ,

 (InSignals)  (OutSignals)  (Parameters). -

. -

,

 Back.Parameters, . -

 Back.Parameters .

.

 End .

5.3.5.3.4 

NetBibl Elements; { }

Element Synaps { }

InSignals 1 { }

OutSignals 1 { }

Parameters 1 {  � }
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Forw { }

Begin

{ }

OutSignals[1] = InSignals[1] * Parameters[1]

End { }

Back {  }

Begin

{

}

Back.InSignals[1] = Back.OutSignals[1] * Parameters[1];

{

}

Back.Parameters[1] = Back.Parameters[1] + Back.OutSignals[1] * InSignals[1]

End { }

End Synaps { }

Element Branch(N : Long) {  N }

InSignals 1 { }

OutSignals N {N }

Forw { }

Var Long I; {I �  � }

Begin

For I=1 To N Do {  N }

OutSignals[I] = InSignals[1] { }

End { }

Back {  }

Var { }

Long I; {I �  � }

Real R; {R �  � }

Begin

R = 0;

For I=1 To N Do { }

R = R + Back.OutSignals[I]; { }

Back. InSignals[1] = R

End { }

End Branch { }

Element Sum(N Long) {  N }

InSignals N {N }

OutSignals 1 { }

Forw { }

Var { }

Long I; {I �  � }

Real R; {R �  � }

Begin

R = 0;

For I=1 To N Do { }

R = R + InSignals[I];

OutSignals[1] = R

End { }

Back { }

Var Long I; {I �  � }

Begin

For I=1 To N Do { }

Back.InSignals[I] = Back.OutSignals[1] { }

End { }

End Sum { }
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Element Mul { }

InSignals 2 { }

OutSignals 1 { }

Forw {  }

Begin

{ }

OutSignals[1] = InSignals[1] * InSignals[2]

End { }

Back {  }

Begin

{

}

Back.InSignals[1] = Back.OutSignals[1] * InSignals[2];

Back.InSignals[2] = Back.OutSignals[1] * InSignals[1]

End { }

End Mul { }

Element S_Train { }

InSignals 1 { }

OutSignals 1 { }

Parameters 1 {  � }

Forw { }

Begin

{

}

OutSignals[1] = InSignals[1] / (Parameters[1] + Abs(InSignals[1])

End { }

Back { }

Var Real R; {R � }

Begin

{R � ,

}

R = Back.OutSignals[1] / Sqr(Parameters[1] + Abs(InSignals[1]);

{

}

Back.InSignals[1] = R * Parameters[1];

{

}

Back.Parameters[1] = Back.Parameters[1] + R * InSignals[1]

End { }

End S_Train { }

Element S_NotTrain( Char : Real) { }

{Char � }

InSignals 1 { }

OutSignals 1 { }

Forw { }

Begin

{

}

OutSignals[1] = InSignals[1] / (Char + Abs(InSignals[1])

End { }

Back { }

Begin

{
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}

Back.InSignals[1]  = Back.OutSignals[1] * Char /  Sqr(Char + Abs(InSignals[1]);

End { }

End S_NotTrain { }

Element Pade(Char : Real) {  Char  � }

InSignals 2 { }

OutSignals 1 { }

Forw { }

Begin

{

}

OutSignals[1] = InSignals[1] / (Char+ InSignals[2])

End { }

Back { }

Var Real R; {R � }

Begin

{  �

}

R = Back.OutSignals[1] / (Char + InSignals[2]);

Back.InSignals[1] = R;

{

}

Back.InSignals[2] =  -R * OutSignals[1];

End { }

End Pade { }

Element Sign_Mirror { }

InSignals 1 { }

OutSignals 1 { }

Forw {  }

Begin

If InSignals[1] > 0 Then OutSignals[1] = 1 {  1, }

   Else OutSignals[1] = 0 { , }

End { }

Back { }

Begin

Back.InSignals[1] = OutSignals[1];   { }

End { }

End Sign_Mirror { }

Element Sign_ Easy { }

InSignals 1 { }

OutSignals 1 { }

Forw {  }

Begin

If InSignals[1] > 0 Then OutSignals[1] = 1 {  1, }

    Else OutSignals[1] = 0 { , }

End { }

Back { }

Begin

{ }

Back.InSignals[1] = Back.OutSignals[1];

End { }

End Sign_Easy { }
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Element Adaptiv_Sum( N : Long) {  N }

InSignals N {N }

OutSignals 1 { }

Parameters N {N  � }

Forw { }

Var { }

Long I; {I �  � }

Real R; {R �  � }

Begin

R = 0; {  }

For I=1 To N Do { }

R = R + InSignals[I] * Parameters[I]; { }

OutSignals[1] = R

End { }

Back { }

Var Long I; {I � }

Begin {  � }

For I=1 To N Do Begin

{  I-

 I- }

Back.InSignals[I] = Back.OutSignals[1] * Parameters[I];

{  I-  I-

}

Back. Parameters[I] = Back. Parameters[I] + Back.OutSignals[1] * InSignals[I]

End

End { }

End Adaptiv_Sum { }

Element Adaptiv_Sum_Plus ( N : Long) {  N }

InSignals N {N }

OutSignals 1 { }

Parameters N+1 {N+1  � }

Forw {  }

Var { }

Long I; {I �  � }

Real R; {R �  � }

Begin

R = Parameters[N+1]; {  N+1 }

For I=1 To N Do { }

R = R + InSignals[I] * Parameters[I]; { }

OutSignals[1] = R

End { }

Back {  }

Var Long I; {I � }

Begin {  � }

For I=1 To N Do Begin

{  I-

 I- }

Back.InSignals[I] = Back.OutSignals[1] * Parameters[I];

{  I-

 I-

}

Back. Parameters[I] = Back. Parameters[I] + Back.OutSignals[1] * InSignals[I]

End;

{  (N+1)-

}

Back.Parameters[N+1] = Back.Parameters[N+1] + Back.OutSignals[1]



CHAP5-3.DOC 96

End { }

End Adaptiv_Sum_Plus { }

Element Square_Sum( N : Long) {  N }

InSignals N {N }

OutSignals 1 { }

Parameters (Sqr(N) + N) Div 2 {N(N+1)/2  � }

Forw { }

Var { }

Long I,J,K; {I,J,K �  }

Real R; {R �  � }

Begin

K = 1; {K � }

R = 0;

For I = 1 To N Do {I,J � }

For J = I To N Do Begin

R = R + InSignals[I] * InSignals[J] * Parameters[K];

K = K + 1

End;

{ ,

}

OutSignals[1] = R

End { }

Back {  }

Var { }

Long I, J, K; {I,J,K �  }

Real R; {R � }

Vector W; { }

Begin

For I = 1 To N Do

W[I] = 0;

K = 1; {K � }

For I = 1 To N Do

For J = I To N Do Begin

{

,

}

Back.Parameters[K] = Back.Parameters[K] +

Back.OutSignals[1] * InSignals[I] * InSignals[J];

R = Back.OutSignals[1] * Parameters[K];

W[I] = W[I] + R * InSignals[J];

W[J] = W[J] + R * InSignals[I];

K = K + 1

End;

For I = 1 To N Do

{

,

, ,

}

Back.InSignals[1] = W[I]

End { }

End Square_Sum { }

Element Square_Sum_Plus( N : Long) {  N }

InSignals N {N }

OutSignals 1 { }

Parameters (Sqr(N) + 3 * N) Div 2 + 1 {N(N+3)/2+1  � }

Forw { }



CHAP5-3.DOC 97

Var { }

Long I, J, K; {I,J,K �  }

Real R; {R �  � }

Begin

K = 2 * N+1; {K � }

R = Parameters[Sqr(N) + 3 * N) Div 2 + 1];

For I = 1 To N Do Begin

R = R + InSignals[I] * Parameters[I] + Sqr(InSignals[I]) * Parameters[N + I];

For J = I + 1 To N Do Begin

R = R + InSignals[I] * InSignals[J] * Parameters[K];

K = K + 1

End

End

{ ,

,

, }

OutSignals[1] = R

End { }

Back {  }

Var { }

Long I, J, K; {I,J,K �  }

Real R; {R �  � }

Vector W; { }

Begin

For I = 1 To N Do

W[I] = 0;

K = 2 * N + 1; {K � }

For I = 1 To N Do Begin

Back.Parameters[I] = Back.Parameters[I] + Back.OutSignals[1] * InSignals[I];

Back.Parameters[N + I] = Back.Parameters[N + I] + Back.OutSignals[1] * Sqr(InSignals[I]);

W[I] = W[I] + Back.OutSignals[1] * (Parameters[I] + 2 * Parameters[N + I] * InSignals[I])

For J = I + 1 To N Do Begin

Back.Parameters[K] = Back.Parameters[K] +

Back.OutSignals[1] * InSignals[I] * InSignals[J];

R = Back.OutSignals[1] * Parameters[K];

W[I] = W[I] + R * InSignals[J];

W[J] = W[J] + R * InSignals[I];

K = K + 1

End

End;

For I = 1 To N Do

Back.InSignals[1] = W[I]

End { }

End Square_Sum_Plus { }

End NetBibl

5.3.5.3.5 

: , -

, , . -

 �  (Layer). , ,

, , -

,

.  � -

 (Cascad),  (Loop)  (Until). -

 � ,  Loop -

,  Until ,

. ,  Until, 

. ,
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InSignals=OutSignals

InSignals[1..N]=OutSignals[1..N]

:

Function Equal(InSignals, OutSignals : RealArray) : Logic;

Var Long I;

Logic L

Begin

L = True

For I = 1 To N Do

L = L And (InSignals[I] = OutSignals[I]);

Equal = L

End

 Contents,  (

) , .

.

, .

-

.

-

. , -

 NumberOf .

InSignals, OutSignals, Parameters,  � .

NumberOf  (

) , . -

- . -

 ParamDef, Static  Connections.

 ParamDef. 

. -

,  DefaultType. 

. , ,

.

Connections.

 Connections.  « »  « »

.

 End, .

5.3.5.3.6 

,  Elements, 

. « ».

NetBibl SubNets Used Elements; { ,  Elements}

{  N }

Cascad NSigm(aSum : Block; N : Long; Char : Real)

{  N 

}

Contents aSum(N), S_NotTrain(Char)

InSignals NumberOf(InSignals, aSum(N)) { }

OutSignals 1 { }

Parameters NumberOf(Parameters, aSum(N)) { }

Connections

{  � }

InSignals[1.. NumberOf(InSignals, aSum(N))] <=>

aSum.InSignals[1.. NumberOf(InSignals, aSum(N))]

aSum.OutSignals <=> S_NotTrain.InSignals {  � }
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OutSignals <=> S_NotTrain.OutSignals

{  �  }

Parameters[1.. NumberOf(Parameters, aSum(N))] <=>

aSum.Parameters[1.. NumberOf(Parameters, aSum(N))]

End { }

{  N }

Layer Lay1(aSum : Block; N,M : Long; Char : Real)

Contents Sigm: NSigm(aSum,N,Char)[M] {  M }

InSignals M * NumberOf(InSignals, Sigm)

{  M 

. }

OutSignals M { }

Parameters M * NumberOf(Parameters, Sigm)

{  M }

Connections

{ NumberOf(InSignals, NSigm(aSum,N,Char)) , . .}

InSignals[1..M * NumberOf(InSignals, Sigm)] <=>

Sigm[1..M].InSignals[1.. NumberOf(InSignals, Sigm)]

{  - }

OutSignals[1..M] <=> Sigm[1..M].OutSignals

{  � }

Parameters[1..M * NumberOf(Parameters, Sigm)] <=>

Sigm[1..M].Parameters[1.. NumberOf(Parameters, Sigm)]

End { }

{ }

Layer BLay( N,M : Long)

Contents Branch(N)[M] {  M }

InSignals M { }

OutSignals M * N {N }

Connections

InSignals[1..M] <=> Branch[1..M].InSignals { }

{ , . . }

OutSignals[1..N * M] <=> Branch[+:1..M].OutSignals[1..N]

End { }

{  N }

Cascad FullLay(aSum : Block; N,M : Long; Char : Real)

Contents Br: BLay1(M,N), Ne: Lay1(aSum,N,M,Char) { }

InSignals N {  � }

OutSignals M { }

Parameters NumberOf(Parameters, Ne)

{  M }

Connections

InSignals[1..N]<=> Br.InSignals[1..N] {  � }

{  - }

OutSignals[1..M] <=> Ne.OutSignals[1..M]

{  � }

Parameters[1..NumberOf(Parameters, Ne)] <=>

Ne.Parameters[1.. NumberOf(Parameters, Ne)]

{  � }

Br.OutSignals[1..N * M] <=> Ne.InSignals[1..N * M]

End { }

{ ,

Input � ;

Output �  ( );

Hidden �  H>0 ;

N � 

}
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Cascad  Net1(aSum : Block; Char : Real; Input, Output, Hidden, H, N : Long)

{

}

Contents

In: FullLay(aSum,N,Input,Char),

Hid1: FullLay(aSum,Input,Hidden,Char)

Hid2: FullLay(aSum,Hidden,Hidden,Char)[H-1] {  H=1}

Out: FullLay(aSum,Hidden,Output,Char)

InSignals N {  � N}

OutSignals Output { }

{ }

Parameters NumberOf(Parameters, In)+ NumberOf(Parameters, Hid1)+

(H-1) * NumberOf(Parameters, Hid2)+ NumberOf(Parameters, Out)

Connections

InSignals[1..N]<=> In.InSignals[1..N] {  � }

{  - }

OutSignals[1..Output] <=> Out.OutSignals[1.. Output]

{ e }

Parameters[1..NumberOf(Parameters,In)] <=> In.Parameters[1.. NumberOf(Parameters, In)]

Parameters[NumberOf(Parameters,In)+1..NumberOf(Parameters,In)+

NumberOf(Parameters, Hid1)] <=> Hid1.Parameters[1.. NumberOf(Parameters, Hid1)]

Parameters[NumberOf(Parameters,In)+ NumberOf(Parameters, Hid1)]+1

..NumberOf(Parameters,In)+NumberOf(Parameters, Hid1)+

(H-1) * NumberOf(Parameters, Hid2)] <=>

Hid2[1..H-1].Parameters[1.. NumberOf(Parameters, Hid2)]

Parameters[NumberOf(Parameters,In)+ NumberOf(Parameters, Hid1)]+

(H-1) * NumberOf(Parameters, Hid2)+1..NumberOf(Parameters,In)+

NumberOf(Parameters,Hid1)+(H-1)*NumberOf(Parameters,Hid2)+

NumberOf(Parameters, Out)] <=> Out.Parameters[1.. NumberOf(Parameters, Out)]

{ }

In.OutSignals[1..Input] <=> Hid1.InSignals[1..Input] { }

Hid1.OutSignals[1..Hidden] <=> Hid2[1].InSignals[1..Hidden] { }

{ .  H=1 }

Hid2[1..H-2].OutSignals[1.. Hidden] <=> Hid2[2..H-1].InSignals[1.. Hidden]

Hid2[H-1].OutSignals[1.. Hidden] <=> Out.InSignals[1.. Hidden]{  � }

End

{  M 

 M }

Loop Circle(aSum : Block; Char : Real; M, K : Long) K

Contents

Net: FullLay(aSum,M,M,Char)

InSignals M {  � N}

OutSignals M { }

Parameters NumberOf(Parameters, Net) {  FullLay}

Connections

InSignals[1..M]<=> Net.InSignals[1..M] {  � }

OutSignals[1..M] <=> Net.OutSignals[1.. M] {  � }

{ }

Parameters[1..NumberOf(Parameters,Net)] <=> Net.Parameters[1.. NumberOf(Parameters,Net)]

Net.OutSignals[1..M] <=> Net.InSignals[1..M] { }

End { }

{

 N .

.

}

Cascad  Net2: (aSum : Block; Char : Real; M, K, N : Long)

Contents

In: FullLay(aSum,N,M,Char), { }
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Net: Circle(aSum,Char,M,K) { }

InSignals N {  � N}

OutSignals M { }

{ }

Parameters NumberOf(Parameters, In)+ NumberOf(Parameters, Net)

ParamDef DefaultType -1 1

Connections

InSignals[1..N]<=> In.InSignals[1..N] {  � }

{  - c }

OutSignals[1..M] <=> Net.OutSignals[1.. M]

{ }

Parameters[1..NumberOf(Parameters, In)] <=> In.Parameters[1.. NumberOf(Parameters, In)]

Parameters[NumberOf(Parameters,In)+1..

NumberOf(Parameters,In)+NumberOf(Parameters, Net)]

<=> Net.Parameters[1.. NumberOf(Parameters, Net)]

{ }

In.OutSignals[1..M] <=> Net.InSignals[1..M] { }

Net.OutSignals[1..M] <=> Net.InSignals[1..M] { }

End

{  N }

Cascad Hopf(N : Long)

Contents Sum(N),Sign_Easy { }

InSignals N {  � N}

OutSignals 1 {  � 1}

Parameters NumberOf(Parameters,Sum(N)) {  � N}

Connections

InSignals[1..N]<=> Sum.InSignals[1..N] {  � }

{  � }

OutSignals <=> Sign_Easy.OutSignals

{  � }

Parameters[1..NumberOf(Parameters, Sum(N))] <=>

Sum.Parameters[1.. NumberOf(Parameters, Sum(N))]

Sum.OutSignals <=> Sign_Easy.InSignals { }

End

{ }

Layer HLay(N : Long)

Contents Hop: Hopf(N)[N] {  N }

InSignals N * N {N  N }

OutSignals N { }

Parameters N * NumberOf(Parameters, Hop)

Connections

{ NumberOf(InSignals, Hop) , . .}

InSignals[1..Sqr(N)] <=> Hop[1..N].InSignals[1..N]

{  - }

OutSignals[1..N] <=> Hop[1..N].OutSignals

{  � }

Parameters[1..N * NumberOf(Parameters, Hop)] <=>

Hop[1..N].Parameters[1.. NumberOf(Parameters, Hop)]

End

{  N }

Until Hopfield(N : Long) InSignals=OutSignals

Contents BLay(N,N),HLay(N) { }

InSignals N {  � N}

OutSignals N {  � N}

Parameters N * NumberOf(Parameters,HLay(N)) {  � N*N}

Connections

InSignals[1..N]<=> BLay.InSignals[1..N] {  � }
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{  � }

OutSignals[1..N] <=> HLay.OutSignals[1..N]

Parameters[1..N*NumberOf(Parameters, HLay(N))] <=>

HLay.Parameters[1..N*NumberOf(Parameters, HLay(N))]

{ }

BLay.OutSignals[1..Sqr(N)] <=> HLay.InSignals[1..Sqr(N)]

HLay.OutSignals[1..N] <=> BLay.InSignals[1..N] { }

End

End NetLib

NetWork Hop Used SubNets; { }

MainNet Hopfield(5)

Parameters 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0;

ParamMask -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1, -1;

End NetWork

5.3.5.4

.

.

,

.

.

5.3.5.4.1 

-

, . ,

. :

Parameters M * NumberOf(Parameters,Branch(N))

, .

:

� , -

;

� ,

:

� , -

;

� -

, ;

,

.

.

Layer  A

Contents Net1, Net2[K], Net3

InSignals NumberOf(InSignals,Net1)+K*NumberOf(InSignals,Net2)

+NumberOf(InSignals,Net3)

OutSignals NumberOf(OutSignals,Net1)+K*NumberOf(OutSignals,Net2)

+NumberOf(OutSignals,Net3)

Parameters NumberOf(Parameters,Net1)+K*NumberOf(Parameters,Net2)

+NumberOf(Parameters,Net3)

Cascad  B

Contents Net1, Net2[K], Net3

InSignals NumberOf(InSignals,Net1)

OutSignals NumberOf(OutSignals,Net3)

Parameters NumberOf(Parameters,Net1)+K*NumberOf(Parameters,Net2)

+NumberOf(Parameters,Net3)
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5.3.5.4.2 

.

1. .

2. .

3. .

4. -

.

5. .

.

1.

 � ,  �

. . - -

, ,

.

2. -

 � 

,  � . . - -

,

, .

3. -

.

:

1.

. ,

.

2.

.

,  ( -

) .

3.

 � -

,  � . . -

, , -

.

4. , -

. - -

, -

, .

5.  Cascad .

Loop  Until -

. -

-

, , -

.

,

.

.

Layer  A

Contents Net1, Net2[K], Net3

InSignals[1..NumberOf(InSignals,Net1)+K*NumberOf(InSignals,Net2)

+NumberOf(InSignals,Net3)] <=> Net1. InSignals[1..NumberOf(InSignals,Net1)],

Net2[1..K].InSignals[1..NumberOf(InSignals,Net2)],

Net3.InSignals[1..NumberOf(InSignals,Net3)]

OutSignals[1..NumberOf(OutSignals,Net1)+K*NumberOf(OutSignals,Net2)

+NumberOf(OutSignals,Net3)] <=> Net1. OutSignals[1..NumberOf(OutSignals,Net1)],

Net2[1..K].OutSignals[1..NumberOf(OutSignals,Net2)],

Net3.OutSignals[1..NumberOf(OutSignals,Net3)]
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Parameters[1..NumberOf(Parameters,Net1)+K*NumberOf(Parameters,Net2)

+NumberOf(Parameters,Net3)] <=> Net1. Parameters[1..NumberOf(Parameters,Net1)],

Net2[1..K].Parameters[1..NumberOf(Parameters,Net2)],

Net3.Parameters[1..NumberOf(Parameters,Net3)]

Cascad B

Contents Net1, Net2[K], Net3

InSignals[1..NumberOf(InSignals,Net1)] <=> Net1. InSignals[1..NumberOf(InSignals,Net1)]

OutSignals[1..NumberOf(OutSignals,Net3)] <=>

Net3.OutSignals[1..NumberOf(OutSignals,Net3)]

Parameters[1..NumberOf(Parameters,Net1)+K*NumberOf(Parameters,Net2)

+NumberOf(Parameters,Net3)] <=> Net1. Parameters[1..NumberOf(Parameters,Net1)],

Net2[1..K].Parameters[1..NumberOf(Parameters,Net2)],

Net[3].Parameters[1..NumberOf(Parameters,Net3)]

Net1. OutSignals[1..NumberOf(OutSignals,Net1)],

Net2[1..K].OutSignals[1..NumberOf(OutSignals,Net2)] <=>

Net2[1..K].InSignals[1..NumberOf(InSignals,Net2)],

Net3.InSignals[1..NumberOf(InSignals,Net3)]

Loop  C N

Contents Net1, Net2[K], Net3

InSignals[1..NumberOf(InSignals,Net1)] <=> Net1. InSignals[1..NumberOf(InSignals,Net1)]

OutSignals[1..NumberOf(OutSignals,Net3)] <=>

Net3.OutSignals[1..NumberOf(OutSignals,Net3)]

Parameters[1..NumberOf(Parameters,Net1)+K*NumberOf(Parameters,Net2)

+NumberOf(Parameters,Net3)] <=> Net1. Parameters[1..NumberOf(Parameters,Net1)],

Net2[1..K].Parameters[1..NumberOf(Parameters,Net2)],

Net[3].Parameters[1..NumberOf(Parameters,Net3)]

Net1. OutSignals[1..NumberOf(OutSignals,Net1)],

Net2[1..K].OutSignals[1..NumberOf(OutSignals,Net2)] <=>

Net2[1..K].InSignals[1..NumberOf(InSignals,Net2)],

Net3.InSignals[1..NumberOf(InSignals,Net3)]

Net3.OutSignals[1..NumberOf(OutSignals,Net3)] <=>

Net1. InSignals[1..NumberOf(InSignals,Net1)]

5.3.5.4.3 

, , . « -

», 

. , : ,

, , , ,

, . ,

. « »  BLay -

-

. .

{ }

Layer BLay( N,M : Long)

Contents Branch(N)[M] {  M }

Connections

{ , . . }

OutSignals[1..N * M] <=> Branch[+:1..M].OutSignals[1..N]

End { }

5.3.5.4.4 

,  Elements, 

. " ".

NetBibl SubNets Used Elements; { ,  Elements}

{  N }

Cascad NSigm(aSum : Block; N : Long; Char : Real)
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{  N 

}

Contents aSum(N), S_NotTrain(Char)

End

{  N }

Layer Lay1(aSum : Block; N,M : Long; Char : Real)

Contents Sigm: NSigm(aSum,N,Char)[M] {  M }

End

{ }

Layer BLay( N,M : Long)

Contents Branch(N)[M] {  M }

Connections

{ , . . }

OutSignals[1..N * M] <=> Branch[+:1..M].OutSignals[1..N]

End

{  N }

Cascad FullLay(aSum : Block; N,M : Long; Char : Real)

Contents BLay1(M,N), Lay1(aSum,N,M,Char) { }

End { }

{ ,

Input � ;

Output �  ( );

Hidden �  H>0 ;

N � 

}

Cascad  Net1(aSum : Block; Char : Real; Input, Output, Hidden, H, N : Long)

{

.

}

Contents

In: FullLay(aSum,N,Input,Char),

Hid1: FullLay(aSum,Input,Hidden,Char)

Hid2: FullLay(aSum,Hidden,Hidden,Char)[H-1] {  H=1}

Out: FullLay(aSum,Hidden,Output,Char)

End

{  M 

 M .

}

Loop Circle(aSum : Block; Char : Real; M, K : Long) K

Contents

FullLay(aSum,M,M,Char)

ParamDef DefaultType -1 1

End

{

 N .

}

Cascad Net2: (aSum : Block; Char : Real; M, K, N : Long)

Contents

In: FullLay(aSum,N,M,Char), { }

Net: Circle(aSum,Char,M,K) { }

End

Cascad Hopf(N : Long) {  N }

Contents Sum(N),Sign_Easy { }

End

{ }
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Layer HLay(N : Long)

Contents Hop: Hopf(N)[N] {  N }

End

{  N }

Until Hopfield(N : Long)  InSignals=OutSignals

Contents BLay(N,N),HLay(N) { }

End

End NetLib

5.4

, .

-

. ? ,

,  ( )  (

),  ( )  (

). . -

. -

 ( ) . -

,  � .

,  « »

.

5.4.1

:

1. .

2. .

3. .

4. .

5. .

,

. ,

. , , -

,

. .

, , ,  � 

.

 3.

InSignals 0

OutSignals 1

arameters 2

InSignalMask 3

ParamMask 4

BackInSignals 5  ( )

BackOutSignals 6  ( )

Back arameters 7

Element 0  � 

Layer 1  � 

Cascad 2  � 

CicleFor 3  � 

CicleUntil 4  � 
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.

. 3.

5.4.2

.

 Forw  Back .

5.4.2.1  (Forw)

:

Pascal:

Function Forw ( Net : PString; InSignals : PRealArray ) : Logic;

C:

Logic Forw(PString Net, PRealArray InSignals)

:

Net � , .

InSignals � .

 � ,  Net.

.

1.  Error <> 0, .

2.  Net , , -

.

3. ,  Net 

,  301 � ,

, .

4.  Forw ,  Net.

5. ,  304 -

. .

. .

5.4.2.2  (Back)

:

Pascal:

Function Back( Net : PString; BackOutSignals : PRealArray) : Logic;

C:

Logic Back(PString Net, PRealArray BackOutSignals)

:

Net � , .

BackOutSignals � .

 � ,  Net.

.

1.  Error <> 0, .

2.  Net , , -

.

3. ,  Net 

,  301 � ,

, .

4.  Back ,  Net.

5. ,  305 -

. . -

. .

5.4.3 .

: Modify � , -

, ModifyMask � , NullGradient � -

 RandomDirection � .

5.4.3.1  (Modify)

:

Pascal:
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Function Modify( Net : PString; OldStep, NewStep : Real; Tipe : Integer; Grad : PRealArray ) : Logic;

C:

Logic Modify(PString Net, Real OldStep, Real NewStep, Integer Tipe, PRealArray Grad)

:

Net � , .

OldStep, NewStep � .

Tipe �  InSignals  Parameters.

Grad � .

 � ,

Net.

.

1.  Error <> 0, .

2.  Net , , -

.

3. ,  Net 

,  301 � ,

, .

4.  Grad ,  Back.Parameters

 Back.InputSignals  Tipe.

5.  Tipe  P, 

, ,

Tipe  -1 ( ) :

P1=P*OldStep+DP*NewStep.

,  P, ,

:

P2=Pmin,  P1<Pmin

P2=Pmax,  P1>Pmax

P2=P1 

5.4.3.2  (ModifyMask)

:

Pascal:

Function ModifyMask( Net : PString; Tipe : Integer; NewMask: PLogicArray ) : Logic;

C:

Logic Modify(PString Net, Integer Tipe, PLogicArray NewMask)

:

Net � , .

Tipe �  InSignals  Parameters.

NewMask � .

 � ,

 Net.

.

1.  Error <> 0, .

2.  Net , , -

.

3. ,  Net 

,  301 � ,

, .

4.  Tipe -

 NewMask.

5.4.3.3  (NullGradient)

:

Pascal:

Function NullGradient( Net : PString ) : Logic;

C:

Logic NullGradient(PString Net)
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:

Net � , .

 � ,  Net.

.

1.  Error <> 0, .

2.  Net , , -

.

3. ,  Net 

,  301 � ,

, .

4.  Back.Parameters  Back.OutSignals.

5.4.3.4  (RandomDirection)

:

Pascal:

Function RandomDirection( Net : PString; Range : Real ) : Logic;

C:

Logic RandomDirection(PString Net, Real Range)

:

Net � , .

Range � , -

.

 � .

.

1.  Error <> 0, .

2.  Net , , -

.

3. ,  Net 

,  301 � ,

, .

4.  Back.Parameters . -

,  (ParamType)

 Range. -

,  ParamDef 

Range.  [- ; -

].

5.4.4 , .

, .

. " ".

5.4.4.1  (nwGetData)

:

Pascal:

Function nwGetData(Net : PString; DataType : Integer; Var Data : PRealArray) : Logic;

C:

Logic nwGetData(PString Net, Integer DataType, PRealArray* Data)

:

Net � , .

DataType � , .

Data � .

 � , , -

 Net.

.

1.  Net , , -

.
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2. ,  Net 

,  301 � ,

, .

3. ,  DataType ,

 306 � , ,

.

4.  Data  DataType .

5.4.4.2  (nwSetData)

:

Pascal:

Function nwSetData(Net : PString; DataType : Integer; Var Data : RealArray) : Logic;

C:

Logic nwSetData(PString Net, Integer DataType, RealArray* Data)

:

Net � , .

DataType � , .

Data � .

 � , ,

Net  Data.

.

1.  Net , , -

.

2. ,  Net 

,  301 � ,

, .

3. ,  DataType ,

 306 � , ,

.

4.  ( ) -

 Data.  Data  ( -

),

( )  Data.  Data

 ( ), -

 ( ),  Data

.

5.4.4.3  (NormalizeNet)

:

Pascal:

Function NormalizeNet(Net : PString) : Logic;

C:

Logic NormalizeNet(PString Net)

:

Net � , .

 � ,  Net.

.

1.  Net , , -

.

2. ,  Net 

,  301 � ,

, .

3. , . -

.

4.  « »  � ,

-

. .
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5. ,  « » � 

,

; .

.

6. .

7. .

5.4.5

,  " ":

nwSetCurrent � 

nwAdd � 

nwDelete � 

nwWrite � 

nwGetStructNames � 

nwGetType � 

nwEdit � 

OnError � 

GetError � 

FreeMemory � 

 nwGetType   TypeId 

, . 3.

,  nwGetData ( )  nwSetData (

) , ,  " ",

.

5.4.5.1

. 4 ,

, .

 4

.

301  Error

302  Error

303  Error

304  Error

305  Error

306  Error


