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#include <stdio.h>

#include <stdlib.h>
#include <math.h>

#define MAX_LAYER 3
#define MAX_ELEMENT 12 +1

double output[ MAX_LAYER ][ MAX_ELEMENT ];
double input[ MAX_LAYER ][ MAX_ELEMENT ];



double Weight[ MAX_LAYER ][ MAX_ELEMENT ][ MAX_ELEMENT ];
double dweight[ MAX_LAYER ][ MAX_ELEMENT ][ MAX_ELEMENT ];
double back_output[ MAX_LAYER ][ MAX_ELEMENT ];

/*
double input[ MAX_LAYER ][ MAX_ELEMENT ];
double output[ MAX_LAYER ][ MAX_ELEMENT ];

double weight[ MAX_LAYER ][ MAX_ELEMENT ][ MAX_ELEMENT ];
double dweight[ MAX_LAYER ][ MAX_ELEMENT ][ MAX_ELEMENT ];

double back_output[ MAX_LAYER ][ MAX_ELEMENT ];
*/

int layer_structure[ MAX_LAYER 1={ 4,10,12 }; /% &M < MAX_ELEMENT */

double pattern[12][4]={
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};

double rnd()

{
return (random() & Oxffffff)/(255.%65535.);
}
double calc_f( double x )
{
return 1./( 1.+exp( -x ) );
}
void Neuron_weight_init( void )
{
int 1,i2,1i3;
for( i=0 ; i<MAX_LAYER ;++i )
{
for( i2=0; i2<MAX_ELEMENT ;++i2 ) /* from layer n */
{
for( i3=0; i3<MAX_ELEMENT ;++i3 ) /* to layer n+1 */
{
weight[ i J[ i2 I1[ i3 1= rndQ);
}
}
}
return;
}



void Forward_propagation( int pattern_no,int layer_no )
/* layer_no must be above 1 */

{
int 1,i2,1i3;
double sum;
/%
output[ layer_no-1 ][ layer_structure[ layer_no-1 ] 1= -1;
*/
/x HIVEDFHE */
for( i=0; i < layer_structure[ layer_no ] ;++i )
{
sum=0;
for( i2=0; i2<= layer_structure[ layer_no-1 ] ; ++i2 )
{
sum+= weight[ layer_no ][ i2 ][ i J*output[ layer_no-1 ][ i2 ];
}
input[ layer_no 1[ i ]= sum;
output[ layer_no ][ i 1= calc_f( sum );
}
return ;
}

void Back_propagation( int pattern_no, int layer_no )
{

int i,i2,i3,ii, j;

double sum,sum?2;

if ( layer_no== MAX_LAYER-1 )
/* IR COBEP R */

{
for( j=0 ; j < layer_structure[ layer_no ] ;++j )
{
back_output[ layer_no I1[ j 1=
( ( j==pattern_no ? 1. : 0 ) - output[ layer_no 1[ j 1)
*calc_f( input[layer_nol[j] )*( 1.-calc_f( input[layer_nol[jl ) );
for( ii=0; ii <= layer_structure[ layer_no-1 ] ;++ii )
{
dweight[ layer_no 1[ ii 1[ j 1=
0.25%back_output[ layer_no ][ j I*output[ layer_no-1 1[ ii ]
+0.9*dweight [ layer_no J[ ii 1[ j 1;
weight[ layer_no J[ ii J[ j ] += dweight[ layer_no J[ ii J[ j 1;
}
}
}
else
{

/* R ) CORBREN R +/

for( j=0 ; j < layer_structure[ layer_no ] ;++j )

{
sum=0;
for( i=0; i<layer_structure[ layer_no+1l ] ;++i )
{
sum+= weight[ layer_no+1 J[ j ][ i J*back_output[ layer_no+1l J[ i 1;
}

back_output[ layer_no ][ j 1= sumx
calc_f( input[layer_nol[j] )*( 1.-calc_f( input[layer_nol[j]l ) );



for( ii=0; ii <= layer_structure[ layer_no-1 1 ;++ii )

{
dweight[ layer_no 1[ ii 1[ j 1=
0.25*back_output[ layer_no ][ j J*output[ layer_no-1 ][ ii ]
+0.9*dweight [ layer_no 1[ ii 1[ j 1;
weight[ layer_no ][ ii J[ j ] += dweight[ layer_no 1[ ii 1[ j 1;
}
}
}
return;

void main()
int i,i2,c,tg,win_count,max_no;
double max;

Neuron_weight_init();

c=0;
tg=0;
win_count=0;

printf("Layer Structure is as follows : ");
for( i=0; i<MAX_LAYER ;++i )

printf("%d ",layer_structurel i 1);
printf("\n");

printf ("Followings are the contents of neurons within each layer.\n" );

while( 1)

{
for( i=0; i<layer_structure[ 0 ] ;++i ) output[ O J[ i ]= pattern[ tg J[ i 1;
for( i=1; i<MAX_LAYER ;++i ) Forward_propagation( tg,i );

max= -1.0;
max_no = -1;
for( i=0; i<MAX_ELEMENT ;++i )
if ( output[ MAX_LAYER-1 ][ i ]>max )
{
max = output[ MAX_LAYER-1 1[ i 1;
max_no = ij;
}

if ( max_no == tg ) win_count++;

if( ¢ % 10==0 &% 0)
{
printf (" \n");
printf("Learning iteration : %bd  target : %2d\n",c,tg+l);
for( i=0; i<MAX_LAYER ;++i )
{
printf("Layer %d : ",i+1 );
for( i2=0; i2<MAX_ELEMENT ;++i2 )
printf ("%5.21f ",output[ i [ i2 1 );
printf("\n");
}
}




for( i=MAX_LAYER-1 ; i>0 ; --i ) Back_propagation( tg,i );
tg++;

if ( tg>11 )

{

ct++;

tg=0;

if ( win_count==MAX_ELEMENT -1 )

{
printf("Finished iteration at %d.\n",c);
exit (0);

}

win_count=0;

}

return ;
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Test samples for digit recognition experiments (Each digit consists of 8 by 8 dots).
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