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                                               А 

                                     PERC 

PROGRAM PERC; 
 
(* P E R C  -   ,   
               PERCEPTRON.*) 
 
CONST 
    CMКбIЧp     = 20;       (*    *) 
    CMКбOЮЭ     = 10;       (*    *) 
    CMКбIЦКРОЬ  = 200;      (*    *) 
    CEЭК        = 0.75;     (*   *) 
    CError      = 5.0e-3;   (*    *) 
    CCШЮЧЭОЫ    = 1000;     (*    *) 
    CIЧТЭАОТРСЭ = 5.0;      (*    
                                  *) 
    CBiasNeuron = 1.0;      (*  -  *) 
 
TYPE 
    TMatrix     = ARRAY[0..CMaxInp,1..CMaxOut] OF REAL; 
                    (*      *) 
    TInpVector  = ARRAY[1..CMaxInp] OF REAL; 
    TOutVector  = ARRAY[1..CMaxOut] OF REAL; 
 
    (*   *) 
    TPerceptron = RECORD    
        NInp : INTEGER;     (*   *) 
        NOЮЭ : INTEGER;     (*   *) 
        IЧp  : TIЧpVОМЭШЫ;  (*    *) 
        OЮЭ  : TOЮЭVОМЭШЫ;  (*    *) 
        А    : TЦКЭЫТб;     (*   *) 
    END; 
 
    (*     -   *) 
    TBaseRecord = RECORD 
        X    : TInpVector; 
        Y    : TOutVector; 
    END; 
 
    (*    *)    
    TBase = RECORD 
        NIЦКРОЬ : INTEGER;  (*    *) 
        Images  : ARRAY[1..CMaxImages] OF TBaseRecord; 
    END; 
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VAR 
    VNet                  : TPerceptron; 
    VBase                 : TBase; 
    VOK                   : BOOLEAN; 
    VError, VTemp, VDelta : REAL; 
    VCounter, Vi, Vj, Vk  : INTEGER; 
    VFile                 : FILE OF TPerceptron; 
 
PROCEDURE InitAll; 
(*     10    , 
         *) 
VAR 
    Li, Lj, Lk : INTEGER; 
BEGIN 
    WITH VNet, VBase DO 
    BEGIN 
        NInp := 10; 
        NOut := 1; 
        FOR Li := 0 TO NInp DO 
            FOR Lj := 1 TO NOut DO 
                 W[Li,Lj] := CInitWeight*(RANDOM-0.5); 
    END; 
    VOK := TRUE; 
END; 
 
PROCEDURE GetDataBase; 
(*     200  . 
          
    *) 
VAR 
    Li, Lj, Lk : INTEGER; 
BEGIN 
    VOK := TRUE; 
    WITH VBase, VNet DO 
    BEGIN 
        NImages := 200; 
        FOR Li:= 1 TO NImages DO 
        BEGIN 
            Lk := 0; 
            FOR Lj:=1 TO NInp DO 
            BEGIN 
                (*  0  1 *) 
                Images[Li].X[Lj] := RANDOM( 2 ); 
                (*   *) 
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                IF ( Images[Li].X[Lj] > 0 ) 
                    THEN Lk := Lk + 1; 
            END; 
            (*   ,      
                    *) 
            IF ( Lk > (NInp-Lk) ) 
                THEN Images[Li].Y[1] := 1 
                ELSE Images[Li].Y[1] := 0 
        END; 
    END; 
END; 
 
PROCEDURE SaveNet; 
(*       SAMPLE.DAT. 
          
    I+  I-    *) 
BEGIN 
    ASSIGN( VFile, 'SAMPLE.DAT' ); 
    {$I-} 
    REWRITE( VFile ); 
    {$I+} 
    VOK := (IOResult = 0); 
 
    IF VOK THEN 
    BEGIN 
        {$I-} 
        WRITE( VFile, VNet ); 
        CLOSE ( VFile ); 
        {$I+} 
        VOK := (IOResult = 0); 
    END; 
END; 
 
FUNCTION Sigmoid( Z: REAL ): REAL; 
(*     *) 
BEGIN 
   Sigmoid := 1.0/(1.0+EXP(-Z)); 
END; 
 
(*   *) 
BEGIN 
    АRITELN('<< P E R C E P T R O N >> ( ) '); 
 
WRITELN('----------------------------------------- '); 
    VOK := TRUE; 
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    (*     *) 
    RANDOMIZE; 
    InitAll; 
    IF (NOT VOK) THEN 
    BEGIN 
        АRITELN('  '); 
        HALT; 
    END; 
 
    (*    *) 
    VOK := TRUE; 
    GetDataBase; 
    IF (NOT VOK) THEN 
    BEGIN 
        АRITELN('     '); 
        HALT; 
    END; 
 
    (*   *) 
    VOK := TRUE; 
    VCounter := 0; 
    WITH VNet, VBase DO 
        REPEAT 
            VError := 0.0; 
            (*     *) 
            FOR Vi := 1 TO NImages DO 
            BEGIN 
                (*       *) 
                FOR Vj := 1 TO NInp DO 
                BEGIN 
                    Inp[Vj] := Images[Vi].X[Vj]; 
                END; 
 
                (*   .    
                      !!! *) 
                FOR Vk := 1 TO NOut DO 
                BEGIN 
                    (*    *) 
                    VTemp := CBiasNeuron*W[0,Vk]; 
                    FOR Vj := 1 TO NInp DO 
                    BEGIN 
                        VTemp := VTemp + 
                            Inp[Vj]*W[Vj,Vk]; 
                    END; 
                    Out[Vk] := Sigmoid( VTemp ); 
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                    (*   *) 
                    VDelta := Images[Vi].Y[Vk]-Out[Vk]; 
                    VError := VError + 0.5*SQR( VDelta ); 
 
                    (*   -   *) 
                    W[0,Vk] := W[0,Vk] + 
                        CEta*CBiasNeuron*VDelta; 
                    FOR Vj := 1 TO NInp DO 
                    BEGIN 
                        W[Vj,Vk] := W[Vj,Vk] + 
                            CEta*Inp[Vj]*VDelta; 
                    END; 
                END; 
            END; 
            VCounter := VCounter + 1; 
        UNTIL ( (VCounter >= CCounter) OR 
                (VError <= CError) ); 
        (*       
                *) 
 
    АRITELN( '  ', VCШЮЧЭОЫ, ' '); 
    АRITELN( '   ', VEЫЫШЫ ); 
 
    (*      *) 
    SaveNet; 
    IF (NOT VOK) THEN 
    BEGIN 
        АRITELN('     '); 
        HALT; 
    END; 
 
    АRITE('   , '); 
    АRITELN('    SAMPLE.DAT'); 
END. 
 

   PERC 
<< P E R C E P T R O N >> ( )  
-----------------------------------------  

 243   
   4.9997994218E-03 

  ,     
SAMPLE.DAT 
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  TEST. 
PROGRAM TEST; 
 
(* T E S T -    

 PERC *) 
 
CONST 
    CMaxInp     = 20; 
    CMaxOut     = 10; 
    CMaxImages  = 15; 
    CBiasNeuron = 1.0; 
 
TYPE 
    TMatrix     = ARRAY[0..CMaxInp,1..CMaxOut] OF REAL; 
    TInpVector  = ARRAY[1..CMaxInp] OF REAL; 
    TOutVector  = ARRAY[1..CMaxOut] OF REAL; 
    TPerceptron = RECORD 
        NInp : INTEGER; 
        NOut : INTEGER; 
        Inp  : TInpVector; 
        Out  : TOutVector; 
        W    : TMatrix; 
    END; 
 
VAR 
    VNet        : TPerceptron; 
    VTemp       : REAL; 
    VCorrect    : REAL; 
    Vi, Vj, Vk  : INTEGER; 
    VOK         : BOOLEAN; 
    VFile       : FILE OF TPerceptron; 
 
PROCEDURE LoadNet; 
(*       SAMPLE.DAT. 
          
    I+  I-    *) 
 
BEGIN 
    ASSIGN( VFile, 'SAMPLE.DAT' ); 
    {$I-} 
    RESET( VFile ); 
    {$I+} 
    VOK := (IOResult = 0); 
 
    IF VOK THEN 



 

 

17 

    BEGIN 
        {$I-} 
        READ( VFile, VNet ); 
        CLOSE ( VFile ); 
        {$I+} 
        VOK := (IOResult = 0); 
    END; 
END; 
 
FUNCTION Sigmoid( Z: REAL ): REAL; 
BEGIN 
   Sigmoid := 1.0/(1.0+EXP(-Z)); 
END; 
 
BEGIN 
    VOK := TRUE; 
    RANDOMIZE; 
    (*     *) 
    LoadNet; 
    IF (NOT VOK) THEN 
    BEGIN 
        WRITELN('    '); 
        HALT; 
    END; 
    VOK := TRUE; 
    WITH VNet DO 
    BEGIN 
        WRITELN('<<P E R C E P T R O N>> (  )'); 
        WRITELN('-----------------------------------------------'); 
        АRITELN('                       '); 
        WRITELN('-----------------------------------------------'); 
        FOR Vi := 1 TO CMaxImages DO 
        BEGIN 
            (*      *) 
            Vk := 0; 
            FOR Vj:=1 TO NInp DO 
            BEGIN 
                (*  0  1 *) 
                Inp[Vj] := RANDOM( 2 ); 
                (*   *) 
                IF ( Inp[Vj] > 0 ) 
                THEN Vk := Vk + 1; 
            END; 
            (*    ! *) 
            IF ( Vk > (NInp-Vk) ) 
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            THEN VCorrect := 1.0 
            ELSE VCorrect := 0.0; 
            (*    *) 
            FOR Vk := 1 TO NOut DO 
            BEGIN 
                VTemp := CBiasNeuron*W[0,Vk]; 
                FOR Vj := 1 TO NInp DO 
                BEGIN 
                    VTemp := VTemp + 
                         Inp[Vj]*W[Vj,Vk]; 
                END; 
                Out[Vk] := Sigmoid( VTemp ); 
            END; 
            (*   *) 
            FOR Vj := 1 TO NInp DO 
                WRITE( Inp[Vj]:2:0 ); 
            WRITELN('    ',Out[1]:4:2,'    ', VCorrect:2:0); 
        END; 
    END; 
    WRITELN('-------------------------------------------------'); 
END. 
 

   TEST. 
 
<<P E R C E P T R O N>> (  ) 
----------------------------------------------- 
                        
----------------------------------------------- 
 0 0 0 0 1 1 1 1 0 0    0.00     0 
 0 0 1 0 0 0 0 1 0 1    0.00     0 
 1 1 0 0 0 0 0 1 0 0    0.00     0 
 1 1 1 1 0 1 0 1 1 1    1.00     1 
 0 1 1 1 0 1 1 0 0 0    0.01     0 
 1 0 1 0 1 0 1 1 1 0    0.99     1 
 1 0 1 1 1 0 0 1 1 0    0.98     1 
 1 0 1 1 1 1 0 0 1 1    1.00     1 
 1 1 0 1 1 1 1 0 1 0    1.00     1 
 1 1 0 1 1 1 0 0 0 1    1.00     1 
 0 0 0 0 1 1 0 1 0 1    0.00     0 
 1 0 0 1 0 0 0 0 0 1    0.00     0 
 1 0 0 1 0 0 0 1 1 0    0.00     0 
 0 1 0 1 1 1 0 1 0 0    0.02     0 
 1 1 1 1 1 1 0 1 1 0    1.00     1 
--------------------------------------------
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