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3.3 
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1. •�‘YaO($e5��� �"!

6�# t $9)+*�%�&(' i )+*�,.-0/�1 wi(t)(1 ¸ i ¸ n) 243�5 6�798:,<;>=?1 q(t) @BA0%.C D�E�F<G
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wi(t + 1) = wi(t) + hxi(t) (14)

a�'(l 0 $<T�%.x0y�w ( z {:G B) $ 1 1Ja�'|Z�d.} ~

wi(t + 1) = wi(t) ¡ hxi(t) (15)

P P�L 0 < h · 1 H�-N/.n o����Q1��"8�™›7<6�œ�A�%
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5.1.5 Eleveninvariant masses
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C �����	��� 


C.1 �
�����������

/**********************************************/

/* �����������
� */

/*  "!$#&%('*)�+ */

/**********************************************/

#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#define INPUT_N2

#define PATTERN_N4

#define TIME 5000

#define PRINT_TIME10

#define K 1.

#define ETA .05

void learn(int p);

void output(void);

double sgm(double f);

int x[PATTERN_N][INPUT_N+ 1], d[PATTERN_N];

double w[INPUT_N+ 1];

int main(int argc, char *argv[]) {

int i, j, p, t;

double y,sum;

FILE *fp, *fp2;

if(argc != 2) {

printf(" ,.-0/�1 a.out <2"3�4657%$8 >\n");

printf(" 9;:=<$>"?A@CB�DCEGF�H$I \n");

exit(1);

}
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/* ���������
	���
�� */

srand(time(NULL));

w[0] = -1. * (double)rand() / RAND_MAX;

for(i = 1; i <= INPUT_N; i++) w[i] = (double)rand() / RAND_MAX;

/* 2.3�������
�����3�	���� */

printf("#Filename:%s\n", argv[1]);

if((fp = fopen(argv[1], "r")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( ");

exit(1);

}

for(p = 0; p < PATTERN_N;p++) {

x[p][0] = 1;

for(i = 1; i <= INPUT_N; i++) fscanf(fp, "%d ", &x[p][i]);

fscanf(fp, "%d\n", &d[p]);

}

fclose(fp);

/* ��3*)�+ */

printf("# t ");

for(p = 0; p < PATTERN_N;p++) printf("%8d ", d[p]);

for(i = 0; i <= INPUT_N; i++) printf(" w[%d] ", i);

printf("\n");

printf(" 0 ");

output();

/* ,�- */

printf("%5d ", 0);

for(i = 0; i <= INPUT_N; i++) printf("%9f ", w[i]);

printf("\n");

for(t = 1; t <= TIME; t++) {

for(p = 0; p < PATTERN_N;p++)

learn(p);
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/* ����	���3 */

if(t % PRINT_TIME== 0) {

printf("%5d ", t);

output();

}

}

return 0;

}

/*****************************************/

/* �����	� p 
���
���,�- */

/*****************************************/

void learn(int p) {

int i;

double y, sum, delta;

/* ��� 	���3 	���� */

sum = 0.;

for(i = 0; i <= INPUT_N; i++) sum = sum + w[i] * x[p][i];

y = sgm(sum);

/* ���!	���� */

delta = d[p] - y;

for(i = 0; i <= INPUT_N; i++) w[i] = w[i] + ETA * delta * x[p][i];

return;

}

/*****************************************/

/* �����$3 */

/*****************************************/

void output(void) {
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int i, p;

double y, sum;

for(p = 0; p < PATTERN_N;p++) {

sum = 0.;

for(i = 0; i <= INPUT_N; i++) sum = sum + w[i] * x[p][i];

y = sgm(sum);

printf("%8f ", y);

}

for(i = 0; i <= INPUT_N; i++) printf("%9f ", w[i]);

printf("\n");

return;

}

/*****************************************/

/*  "!0#G%('*)�+ */

/*****************************************/

double sgm(double f) {

return 1. / (1. + exp(-K * f));

}
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C.2 ����� �����
	&���

/**************************************************/

/* �
����������� ��� */

/* two_layer.c */

/**************************************************/

#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#define INPUT_N2 /* 2.30+ */

#define UNIT_N2 /* �
����	������ � + */

#define OUTPUT_N1 /* ��3$+ */

#define PATTERN_N4 /* � ���	� + */

#define THRESHOLD0 /* ��� */

#define TIME 50000 /* ,�-���+ */

#define PRINT_TIME100

#define K 1. /*  "!$#G%('*)$+�	���"�@ */

#define ETA .05 /* ����� ��� */

#define ALPHA .05 /* #���� � �! */

void net_output(int i);

void weight_renew(int i, int t);

void output(void);

void output2(void);

double sgm(double f);

int x[PATTERN_N][INPUT_N+ 1], d[PATTERN_N][OUTPUT_N];

double w_hidden[UNIT_N][INPUT_N+ 1], w_out[OUTPUT_N][UNIT_N+ 1];

double unit_in[INPUT_N + 1], unit[UNIT_N + 1], unit_out[OUTPUT_N];

int main(int argc, char *argv[]) {

int i, p, t, u;

FILE *fp;

if(argc != 2) {

printf(" ,.-0/ :a.out <2.3�4657%$8 >\n");
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printf(" 9;:=<$>"?A@CB�DCEGF�H$I \n");

exit(1);

}

/* ���������
	���
�� */

srand(time(NULL));

for(u = 0; u < UNIT_N; u++) {

w_hidden[u][0] = -1. * (double)rand() / RAND_MAX;

for(i = 1; i <= INPUT_N; i++)

w_hidden[u][i] = (double)rand() / RAND_MAX;

}

for(u =0; u < OUTPUT_N;u++) {

w_out[u][0] = -1. * (double)rand() / RAND_MAX;

for(i = 1; i <= UNIT_N; i++)

w_out[u][i] = (double)rand() / RAND_MAX;

}

/* 2.3 � 
��
��3�	���� */

printf("#Filename:%s\n", argv[1]);

if((fp = fopen(argv[1], "r")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( \n");

exit(1);

}

for(p = 0; p < PATTERN_N;p++) {

x[p][0] = 1.;

for(i = 1; i <= INPUT_N; i++)

fscanf(fp, "%d ", &x[p][i]);

for(u = 0; u < OUTPUT_N;u++) {

fscanf(fp, "%d ", &d[p][u]);

fscanf(fp, "\n");

}

}

fclose(fp);

/* ��3*)�+ */
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output2();

printf("# t ");

for(p = 0; p < PATTERN_N;p++)

for(u = 0; u < OUTPUT_N;u++) printf("%10d ", d[p][u]);

printf("\n");

printf("%5d ", 0);

output();

/* ,�- */

for(t = 1; t <= TIME; t++) {

for(p = 0; p < PATTERN_N;p++) {

/* � � ��� ��� ��3�	 ��� */

net_output(p);

/* � �!	���� */

weight_renew(p, t);

}

/* ����	���3 */

if(t % PRINT_TIME== 0) {

printf("%5d ", t);

output();

}

}

/* ���	��
�� �!	
��� */

output2();

return 0;

}
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/******************************************/

/* � � ��� ��� ��3�	 ��� */

/******************************************/

void net_output(int p) {

int i, u;

double sum;

for(i = 0; i <= INPUT_N; i++) unit_in[i] = x[p][i];

unit[0] = x[p][0];

for(u = 1; u <= UNIT_N; u++) {

sum = 0.;

for(i = 0; i <= INPUT_N; i++)

sum += w_hidden[u - 1][i] * unit_in[i];

unit[u] = sgm(sum);

}

for(u = 0; u < OUTPUT_N;u++) {

sum = 0.;

for(i = 0; i <= UNIT_N; i++)

sum += w_out[u][i] * unit[i];

unit_out[u] = sgm(sum);

}

return;

}

/*******************************************/

/* � �!	���� */

/*******************************************/

void weight_renew(int p, int t) {

int i, u;

double sum;

double delta[UNIT_N], delta_out[OUTPUT_N];

static double w_hidden_previous[UNIT_N][INPUT_N + 1];

static double w_out_previous[OUTPUT_N][UNIT_N+ 1];

if(t == 1) {

for(u = 0; u < UNIT_N; u++)
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for(i = 0; i <= INPUT_N; i++)

w_hidden_previous[u][i] = w_hidden[u][i];

for(u = 0; u < OUTPUT_N;u++)

for(i = 0; i<= UNIT_N+ 1; i++)

w_out_previous[u][i] = w_out[u][i];

}

/* ��3
��	�� ����� */

for(u = 0; u < OUTPUT_N;u++) {

delta_out[u] = K * unit_out[u] * (1 - unit_out[u]) * (d[p][u] - unit_out[u]);

for(i = 0; i <= UNIT_N; i++) {

w_out[u][i] += ETA * delta_out[u] * unit[i]

+ ALPHA* (w_out[u][i] - w_out_previous[u][i]);

w_out_previous[u][i] = w_out[u][i];

}

}

/* �
����	�� ����� */

for(u = 0; u < UNIT_N; u++) {

sum = 0.;

for(i = 0; i < OUTPUT_N;i++) sum += delta_out[i] * w_out[i][u + 1];

delta[u] = K * unit[u + 1] * (1 - unit[u + 1]) * sum;

for(i = 0; i <= INPUT_N; i++) {

w_hidden[u][i] += ETA * delta[u] * unit_in[i]

+ ALPHA* (w_hidden[u][i] - w_hidden_previous[u][i]);

w_hidden_previous[u][i] = w_hidden[u][i];

}

}

return;

}

/*******************************************/

/* ����	���3 */

/*******************************************/

void output(void) {

int o, p;

for(p = 0; p < PATTERN_N;p++){

54



net_output(p);

for(o = 0; o < OUTPUT_N;o++)

printf("%10f ", unit_out[o]);

}

printf("\n");

return;

}

/*******************************************/

/* ���!	 ��� */

/*******************************************/

void output2(void) {

int i, u;

printf("#");

for(u = 0; u < UNIT_N; u++)

for(i = 0; i <= INPUT_N; i++)

printf("%10f ", w_hidden[u][i]);

for(u = 0; u < OUTPUT_N;u++)

for(i = 0; i <= UNIT_N; i++)

printf("%10f ",w_out[u][i]);

printf("\n");

return;

}

/*******************************************/

/*  "!$#G%('*)�+ */

/*******************************************/

double sgm(double sum) {

return 1. / (1. + exp(-K * sum));

}
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C.3 Kohonen
���������
	���


�

/***************************************/

/* ����������	�� 8�������� */

/* kohonen.c */

/***************************************/

#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#define NAME"two_four" /* 2.3�4657%08�� */

#define INPUT_N2 /* 2.3$+ */

#define PATTERN_N4 /* � ���	� + */

#define LENGTH5 /* ����' +�	����! */

#define AREA_MAX(LENGTH- 1) /* �#"���$#% 	
��&*� */

#define TIME1 100 /* ' <!(*) */

#define TIME2 (1000 * TIME1) /* ',+-(*) */

#define ETA_MAX1. /* ,�-/. ���10&+�	
��&*� */

#define ZERO48 /*char 2�
��43 � 0 	�� */

float f_rand(void); /*1-0 	�5��!6!��
�+ */

void distance(float input[]); /* 748�	���� */

int search_min(void); /* �#"#748�	:9�; */

void weight_renew(int p, int n, int area, float eta, float input[]); /* ��<�=�� 	����

*/

int check(int w_x, int w_y, int p); /* > �A� 8�?�@�� � */

void weight_output(void); /* ���!	
��� */

int x_min[LENGTH* LENGTH],y_min[LENGTH* LENGTH]; /* ��"�7�8 �#ACBEDGF

*/

float w[LENGTH][LENGTH][INPUT_N]; /* ��<�=!� */

float d[LENGTH][LENGTH]; /* 748 */

int main(void) {

int i, n, p, t;

int x, y;

int area;
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char output[LENGTH][LENGTH];

float eta, sum;

float in[PATTERN_N][INPUT_N], input[INPUT_N];

FILE *fp;

/* ��
�� */

srand(time(NULL));

for(x = 0; x < LENGTH;x++)

for(y = 0; y < LENGTH;y++) {

output[x][y] = '-';

sum = 0.;

for(i = 0; i < INPUT_N; i++) {

w[x][y][i] = f_rand();

sum += pow(w[x][y][i], 2);

}

for(i = 0; i < INPUT_N; i++) w[x][y][i] /= sqrt(sum);

}

/* 2.3 � 
��
��3�	���� */

if((fp = fopen(NAME, "r")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( ");

exit(1);

}

for(p = 0; p < PATTERN_N;p++) {

for(i = 0; i < INPUT_N; i++)

fscanf(fp, "%f ", &in[p][i]);

fscanf(fp, "\n");

}

fclose(fp);

/* ��3*)�+ */

printf("#name:%s\n", NAME);

printf(" ��
���<�=!� \n");

weight_output();
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/* ,�- */

for(t = 1; t <= TIME1 + TIME2; t++) {

if(t <= TIME1) {

area = AREA_MAX* (1 - (float)t / (2 * TIME1));

eta = ETA_MAX* (1 - (float)t / (2 * TIME1));

} else {

area = AREA_MAX/ 2 * (1 - ((float)t - TIME1) / TIME2);

eta = ETA_MAX/ 2 * (1 - ((float)t - TIME1) / TIME2);

}

if(area < 1) area = 1;

for(p = 0; p < PATTERN_N;p++) {

for(i = 0; i < INPUT_N; i++) {

input[i] = in[p][i];

}

/* 7�8�	���� */

distance(input);

/* ��"#748�	:9�; */

n = search_min();

/* �4<�=�� 	���� */

weight_renew(p, n, area, eta, input);

}

}

/* ����	���3 */

/* 5:>G8��G3 */

for(p = 0; p < PATTERN_N;p++) {

for(i = 0; i < INPUT_N; i++)

input[i] = in[p][i];

distance(input);

n = search_min();

for(i = 0; i <= n; i++)

58



output[x_min[i]][y_min[i]] = p + ZERO;

}

/* ���!	 ��� */

printf(" ������<�=!� \n");

weight_output();

/* 5:>G8 	
��� */

for(y = LENGTH- 1; y >= 0; y--) {

printf("%*s", LENGTH- y, "");

for(x = 0; x < LENGTH;x++)

printf("%c ", output[x][y]);

printf("\n");

}

return 0;

}

/*************************************/

/* 1-0 	�5�� 6!��
 + */

/*************************************/

float f_rand(void) {

return (float)rand() / RAND_MAX;

}

/*************************************/

/* 748�	 ��� */

/*************************************/

void distance(float input[INPUT_N]) {

int i, x, y;

for(x = 0; x < LENGTH;x++) {

for(y = 0; y < LENGTH;y++) {

d[x][y] = 0.;
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for(i = 0; i < INPUT_N; i++)

d[x][y] += pow(input[i] - w[x][y][i], 2);

}

}

return;

}

/*************************************/

/* �#"�748�	:9�; */

/*************************************/

int search_min(void) {

int n, x, y;

n = 0;

x_min[n] = 0;

y_min[n] = 0;

for(y = 0; y < LENGTH;y++)

for(x = 0; x < LENGTH;x++)

if(d[x][y] < d[x_min[n]][y_min[n]]) {

n = 0;

x_min[n] = x;

y_min[n] = y;

}

else if(d[x][y] == d[x_min[n]][y_min[n]]) {

n++;

x_min[n] = x;

y_min[n] = y;

}

return n;

}

/***************************************/

/* ��<�=�� 	���� */

/***************************************/

void weight_renew(int p, int n, int area, float eta, float input[INPUT_N]) {
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int i, j;

int x, y;

int d_x, d_y, d_z;

for(d_x = -area; d_x <= area; d_x++)

for(d_y = -area + abs(d_x); d_y <= area - abs(d_x); d_y++)

for(d_z = -area + (abs(d_x) + abs(d_y)); d_z <= area - (abs(d_x) + abs(d_y)); d_z++) {

for(j = 0; j <= n; j++) {

x = x_min[j] + d_x + d_z;

y = y_min[j] + d_y + d_z;

if(x < 0) x = 0;

if(x >= LENGTH)x = LENGTH- 1;

if(y < 0) y = 0;

if(y >= LENGTH)y = LENGTH- 1;

if(check(x, y, p))

for(i = 0; i < INPUT_N; i++)

w[x][y][i] += eta * (input[i] - w[x][y][i]);

}

}

return;

}

/***************************************/

/* > �
� 8�?�@�� � */

/* ��� 
������ "*��� DCE;I 
 I��	��
 */

/***************************************/

int check(int w_x, int w_y, int p) {

int x, y;

static int t = PATTERN_N;

static int unit_check[LENGTH][LENGTH];

if(t != p)

for(x = 0; x < LENGTH;x++)

for(y = 0; y < LENGTH;y++)

unit_check[x][y] = 0;

t = p;
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if(unit_check[w_x][w_y] == 0) {

unit_check[w_x][w_y] = 1;

return 1;

}

else return 0;

}

/***************************************/

/* ���!	 ��� */

/***************************************/

void weight_output(void) {

int i, x, y;

for(y = LENGTH- 1; y >= 0; y--) {

printf("%*s", (LENGTH- y - 1) * 7, "");

for(x = 0; x < LENGTH;x++) {

printf("(");

for(i = 0; i < INPUT_N; i++) {

printf("%5.3f", w[x][y][i]);

if(i < INPUT_N-1) printf(",");

}

printf(") ");

}

printf("\n");

}

return;

}
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C.4 Hop¯eld �




	������

/************************************************/

/* � �$�&4�� ��8 ' � � � */

/* hopfield.c */

/************************************************/

#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#define PATTERN_N8

#define LENGTH9

#define WIDTH5

#define UNIT_N(LENGTH* WIDTH)

int step(double sum, int input);

double energy_fanction(int input[], double w[][]);

int check(double energy);

int match(int learn[][], int input[]);

void output(int input[]);

int select_number(void);

int main(int argc, char *argv[]) {

char line[WIDTH + 2];

int i, j, p, t;

int learn[PATTERN_N][UNIT_N];

int input[UNIT_N];

double r, sum;

double energy, energy2;

double w[UNIT_N][UNIT_N];

FILE *fp;

srand(time(NULL));

if(argc != 2) {

printf(" ,.-0/ :a.out <2.3�4657%$8 >\n");

printf(" 9;:=<$>"?A@CB�DCEGF�H$I \n");

exit(1);
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}

/* 2.3�	���� */

if((fp = fopen("number", "r")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( ");

exit(1);

}

for(p = 0; p < PATTERN_N;p++) {

for(i = 0; i < WIDTH* LENGTH;i += WIDTH){

fgets(line, WIDTH+ 2, fp);

if(line[0] == '\n') fgets(line, WIDTH+ 2, fp);

for(j = 0; line[j] != '\n'; j++) {

if(line[j] == '0') learn[p][i + j] = -1;

else learn[p][i + j] = 1;

}

}

}

fclose(fp);

/* ��<������
	��
@���E */

for(i = 0; i < UNIT_N; i++) {

w[i][i] = 0;

for(j = 0; j < i; j++) {

w[i][j] = 0.;

for(p = 0; p < PATTERN_N;p++) w[i][j] += learn[p][i] * learn[p][j];

w[j][i] = w[i][j];

}

}

/* ����� ��� �'# 	���
�� */

if((fp = fopen(argv[1], "r")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( ");

exit(1);

}
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for(i = 0; i < WIDTH* LENGTH;i += WIDTH){

fgets(line, WIDTH+ 2, fp);

for(j = 0; line[j] != '\n'; j++) {

if(line[j] == '0') input[i + j] = -1;

else input[i + j] = 1;

}

}

fclose(fp);

energy = energy_fanction(input, w);

output(input);

/* ��� %�# 	���� D */

if((fp = fopen("energy.dat", "w+")) == NULL) {

printf(" 4657%$8
������ !��"�#
$�%'&�( ");

exit(1);

}

t = 0;

fprintf(fp, "%d %f\n", t, energy);

do {

t++;

i = select_number();

sum = 0;

for(j = 0; j < UNIT_N; j++) sum += w[j][i] * input[j];

input[i] = step(sum, input[i]);

energy2 = energy_fanction(input, w);

if(energy != energy2) {

energy = energy2;

output(input);

fprintf(fp, "%d %f\n", t, energy);

}
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} while(check(energy) < pow(UNIT_N, 2));

printf("%d\n", match(learn, input));

output(input);

fclose(fp);

return 0;

}

/************************************************/

/* ) (;)�+ */

/************************************************/

int step(double sum, int input) {

if(sum < 0) return -1;

else if(sum == 0) return input;

else return 1;

}

/************************************************/

/* ��� 8

�

�0)�+ */

/************************************************/

double energy_fanction(int input[UNIT_N], double w[UNIT_N][UNIT_N]) {

int i, j;

double sum;

sum = 0;

for(i = 0; i < UNIT_N; i++)

for(j = 0; j < UNIT_N; j++)

sum += w[i][j] * input[i] * input[j];

return -1. / 2 * sum;

}

/************************************************/
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/* � ��?�@�� � */

/************************************************/

int check(double energy) {

static int count = 0;

static double energy_min = 0;

if(energy_min > energy) {

energy_min = energy;

count = 1;

} else if(energy_min == energy) count++;

return count;

}

/************************************************/

/* � ���	����� ? */

/************************************************/

int match(int learn[PATTERN_N][UNIT_N], int input[UNIT_N]) {

int count, i, p;

for(p = 0; p < PATTERN_N;p++) {

count = 0;

for(i = 0; i < UNIT_N; i++)

if(learn[p][i] == input[i]) count++;

if(count == UNIT_N) return p;

}

return -1;

}

/************************************************/

/* ��3 */

/************************************************/

void output(int input[]) {

int i;
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for(i = 0; i < UNIT_N; i++) {

if(input[i] == -1) printf("0");

else printf("1");

if((i + 1) % WIDTH== 0) printf("\n");

}

printf("\n");

return;

}

/************************************************/

/*
���

9�; */

/************************************************/

int select_number(void) {

int i;

double r;

r = (double)rand() / RAND_MAX;

for(i = 0; i < UNIT_N; i++)

if((double)i / UNIT_N<= r && r < (double)(i + 1) / UNIT_N) break;

return i;

}
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