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A2 OO00O0O0OOOO

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

/* 0:PAPER 1:SCISSORS 2:STONE x/
/**********************************************************/

#include <stdio.h>
#include <stdlib.h>

#define SIMPLE_SPRNG
#include "sprng.h"
#define SEED 19801031

#include "cpgplot.h"
#define _N 64 /* The size of lattices */

.000 /* The rate of Natural Strategy */
.000 /* The rate of Perverse Strategy */
.000 /* The rate of Spin Strategy */

.000 /* The rate of Backspin Strategy */
.000 /* The rate of TitForTat Strategy */
.000 /* The rate of Pavlov Strategy */
.000 /* The rate of Majority Strategy */
.000 /* The rate of Minority Strategy */

#define rate_O
#define rate_1
#define rate_2
#define rate_3
#define rate_4
#define rate_b

#define rate_6

O O O »r O O O O

#define rate_7
/xkkkkkkk Frustration skskkkskksk/
int frustration(int first,int second,int third);

/*x*kxxkkxk Payoff skkkkkxk/

int payoff(int i,int you);

/**xx*xxx* Periodic boundary conditions xkkxk*x*/

int pbc(int room);
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/xxxxkkkx Natural Strategy okkskokkok ok /

int natural();

/*%x*xx*xx*x*x Perverse Strategy *okkokkkokk /

int perverse(int cell);

[/ %k skk sk ok k ok Spin Strategy oKk skokkok ok /

int spin(int cell);

/**xxkxx*% Backspin Strategy sxkkkkkx/

int backspin(int cell);

/**kxx*kxxx TitForTat Strategy **kkxk*x/

int titfortat(int mark_O,int pt_O,int mark_1,int pt_1,
int mark_2,int pt_2,int mark_3,int pt_3,
int mark_4,int pt_4,int mark_5,int pt_5);

/**kxxkxx% Pavlov Strategy xkkxkkxk/

int pavlov(int cell,int pt);

/**kxx*kxx*k Majority Strategy *xkkxxkx/
int majority(int mark_0,int mark_1,int mark_2,int mark_3,

int mark_4,int mark_5);

/**kxxkxxk Minority Strategy s kkxxkx/
int minority(int mark_0,int mark_1,int mark_2,int mark_3,

int mark_4,int mark_5);

int main(void)

{
FILE *FRUSTRATION, *POINT;

int new[_NJ][_NJ],old[_N] [_N],pt[_NJ[_N],pts[_N][_NJ;
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int number[3];

float character[_N][_NJ];

float plot_x[3] [_N*_N],plot_y[3] [_N*_N];

char filename[20];

int frustrations,i=0,j,step,x,y;

init_sprng (DEFAULT_RNG_TYPE, SEED,SPRNG_DEFAULT) ;

FRUSTRATION=fopen("frustration.dat","w");
POINT=fopen("point.dat","w");

/* Input the step number. */
printf ("step=");
scanf ("%d",&step) ;

/* Decide the initial state of the variable. */
for(y=0;y<=_N-1;y++){
for(x=0;x<=_N-1;x++){
0ld[x] [y]=(int) (3.0*sprng());
character [x] [y]=sprng() ;
pts[x] [y]l=0;
}

/* Format the variable. */
for(j=0;j<=2;j++){

number [j]1=0;
}

frustrations=0;

/* Prepare PGPLOT. x*/
for(y=0;y<=_N-1;y++){
for (x=0;x<=_N-1;x++){
j=old[x] [y];
plot_x[j] [number[jl]=(float)x;
plot_y[j] [number[jl]=(float)y;
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number [j]++;
}
/*xkxkkkk Perform PGPLOT. kkskkkxkxk/
/* Open the file. */
sprintf (filename, "step_%04d.gif/GIF",i);

cpgopen(filename) ;

/* Make the foundation. */

cpgsci(1);
cpgenv (0.0, (float) (_N-1),0.0, (float) (_N-1),0.0,0.0);
cpglab("","","Blue:Stone Red:Scissors Yellow:Paper");

/* Plot Paper. */
cpgsci(7);
cpgpt (number [0] ,plot_x[0] ,plot_y[0],18);

/* Plot Scissors. */
cpgsci(2);
cpgpt (number [1] ,plot_x[1],plot_y[1],18);

/* Plot Stone. */
cpgsci(4);
cpgpt (number [2] ,plot_x[2] ,plot_y[2],18);

/* Close the file. */
cpgclos();

for(y=0;y<=_N-1;y++){
for (x=0;x<=_N-1;x++){

/* Count frustrations. */

frustrations=frustrations
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+frustration(old[x] [y],old[pbc(x+1)] [y],
old[pbc(x+1)] [pbc(y+1)]1)
+frustration(old[x] [y],old[pbc(x+1)] [pbc(y+1)],
old[x] [pbc(y+1)]1)
+frustration(old[x] [y],o0ld[x] [pbc(y+1)],
old[pbc(x-1)]1[y]l)
+frustration(old[x] [y],old[pbc(x-1)][y] ,
old[pbc(x-1)] [pbc(y-1)1)
+frustration(old[x] [y],old[pbc(x-1)] [pbc(y-1)],
old[x] [pbc(y-1)1)
+frustration(old[x] [y],o0ld[x] [pbc(y-1)],
old[pbc(x+1)][yl);

/* Calculate the score. */
pt [x] [yl=payoff (old[x] [y],old[pbc(x+1)] [y])

+payoff (old[x] [y],o0ld[pbc(x+1)] [pbc(y+1)])
+payoff (old[x] [y],o0ld[x] [pbc(y+1)])
+payoff (old[x] [y],old[pbc(x-1)]1[yl)
+payoff (old[x] [y],o0ld[pbc(x-1)] [pbc(y-1)]1)
+payoff (0ld[x] [y],o0ld[x] [pbc(y-1)1);

/* Calculate the total score. */
pts[x] [yl=pts[x] [yl+pt [x] [y];

/* Output the number of frustrations. */
fprintf (FRUSTRATION, "%d %d\n",i,frustrations/3);

for(i=1;i<=step;i++){

/* Format the variable. */
for(j=0;j<=2;j++){
number [j]1=0;
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}

frustrations=0;

for (y=0;y<=_N-1;y++){
for(x=0;x<=_N-1;x++){

/* In the case of Natural Strategy */
if (character[x] [y]<=rate_0){

new [x] [y]=natural();
}

/* In the case of Perverse Strategy */

else if(character[x] [yl<=rate_O+rate_1){
new [x] [y]=perverse(old[x] [y]);

}

/* In the case of Spin Strategy */

else if(character[x] [y]l<=rate_O+rate_l+rate_2){
new [x] [yl=spin(old[x] [y]);

}

/* In the case of Backspin Strategy */
else if(character[x] [y]<=rate_O+rate_l+rate_2
+rate_3){
new[x] [y]=backspin(old[x] [y]);
}

/* In the case of TitForTat Strategy */
else if(character[x] [y]<=rate_O+rate_l+rate_2
+rate_3+rate_4){
new [x] [y]l=titfortat(old[pbc(x+1)] [y],
pt [pbec(x+1)1 [y],
old[pbc(x+1)] [pbc(y+1)],
pt [pbc(x+1)] [pbc(y+1)],
old[x] [pbc(y+1)],
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pt [x] [pbc(y+1)],
old[pbc(x-1)][y],
pt [pbc(x-1)1 [y],
old[pbc(x-1)] [pbc(y-1)1,
pt [pbc(x-1)] [pbc(y-1)],
0ld[x] [pbc(y-1)1,
pt [x] [pbc(y-1)1);

/* In the case of Pavlov Strategy */
else if(character[x] [yl<=rate_O+rate_l+rate_2
+rate_3+rate_4+rate_5){
new [x] [y]l=pavlov(old[x] [y],pt[x] [yl);
}

/* In the case of Majority Strategy */
else if(character[x] [y]<=rate_O+rate_l+rate_2

+rate_3+rate_4+rate_5+rate_6){

new[x] [y]l=majority(old[pbc(x+1)] [y],
old[pbc(x+1)] [pbc(y+1)],

old[x] [pbc(y+1)1,

old[pbc(x-1)1[yl,
old[pbc(x-1)] [pbc(y-1)],

0ld[x] [pbc(y-1)1);

/* In the case of Minority Strategy */
elseq{
new[x] [y]l=minority(old[pbc(x+1)] [y],
old[pbc(x+1)] [pbc(y+1)],
old[x] [pbc(y+1)],
old[pbc(x-1)1[yl,
old[pbc(x-1)] [pbc(y-1)1,
0ld[x] [pbc(y-1)1);
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/* Prepare PGPLOT. */
for(y=0;y<=_N-1;y++){
for (x=0;x<=_N-1;x++){
j=new[x] [y];
plot_x[j] [number[j]l]=(float)x;
plot_y[j] [number[jl]=(float)y;
number [j]++;

}
/xkxkkkkx Perform PGPLOT. *%kkxkkxkkxk/
/* Open the file. */
sprintf (filename, "step_%04d.gif/GIF",i);

cpgopen(filename) ;

/* Make the foundation. */

cpgsci(1);
cpgenv (0.0, (float) (_N-1),0.0, (float) (_N-1),0.0,0.0);
cpglab("","","Blue:Stone Red:Scissors Yellow:Paper");

/* Plot Paper. */
cpgsci(7);
cpgpt (number [0] ,plot_x[0] ,plot_y[0],18);

/* Plot Scissors. */
cpgsci(2);
cpgpt (number [1] ,plot_x[1],plot_y[1],18);

/* Plot Stone. */
cpgsci(4);
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cpgpt (number [2] ,plot_x[2],plot_y[2],18);

/* Close the file. */
cpgclos();

for (y=0;y<=_N-1;y++){
for(x=0;x<=_N-1;x++){

/* Metabolize the variable. */
0ld[x] [y]l=new[x] [y];

/* Change the strategy. */
/* character[x] [yl=sprng(); */

/* Count frustrations. */
frustrations=frustrations
+frustration(new[x] [y] ,new[pbc(x+1)] [y],
new [pbc(x+1)] [pbc(y+1)]1)
+frustration(new[x] [y] ,new[pbc(x+1)] [pbc(y+1)],
new [x] [pbc(y+1)]1)
+frustration(new[x] [y] ,new[x] [pbc(y+1)],
new [pbc(x-1)1[y])
+frustration(new[x] [y] ,new[pbc(x-1)] [y],
new [pbc(x-1)] [pbc(y-1)1)
+frustration(new[x] [y] ,new[pbc(x-1)] [pbc(y-1)],
new [x] [pbc(y-1)1)
+frustration(new[x] [y] ,new[x] [pbc(y-1)],
new [pbc (x+1)] [y1);

/* Calculate the score. */

pt [x] [y]l=payoff (new[x] [y] ,new[pbc(x+1)] [y])
+payoff (new[x] [y],new[pbc(x+1)] [pbc(y+1)])
+payoff (new[x] [y],new[x] [pbc(y+1)])
+payoff (new[x] [y] ,new[pbc(x-1)] [y])
+payoff (newl[x] [y],new[pbc(x-1)] [pbc(y-1)]1)
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+payoff (new[x] [y],new[x] [pbc(y-1)1);

/* Calculate the total score. */
pts[x] [yl=pts[x] [yl+pt[x] [y];

/* Output the number of frustrations. */
fprintf (FRUSTRATION, "%d %d\n",i,frustrations/3);

for(y=0;y<=_N-1;y++){
for(x=0;x<=_N-1;x++){

/* Output the total score. */
fprintf (POINT,"%d %d %f\n",
x,y, (float)pts[x] [yl/(step+1));

fclose(FRUSTRATION) ;
fclose(POINT);

return O;

/xkkkkkkkx Frustration skskkkskksk/

int frustration(int first,int second,int third)

{

int frustration;
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/* In the case of victory and defeat */
if ((first+1)==(second+1)%3+1&& (first+1)%3+1==(third+1)){
frustration=1;

/* In the case of defeat and victory */
else if ((first+1)%3+1==(second+1)&&
(first+1)==(third+1)%3+1){
frustration=1;

/* In the case of others */
else{
frustration=0;

return frustration ;

[xFxxkkkk Payoff sokkskokkskk/
int payoff(int i , int you)
{

int pt;

/* In the case of victory */

if ((A+1)==((you+1)%3)+1){
pt=1;

}

/* In the case of draw */
else if (i==you){

pt=0;
}

37



/* In the case of defeat */
elseq{

pt=-1;
}

return pt;

/**xx*xxx* Periodic boundary conditions xkkxk*x*x/

int pbc(int room)

{

/* In the case of left end */
if (room==-1){

return room+_N;

/* In the case of right end */
else if (room==_N){

return room-_N;

/* In the case of others x/
else{

return room;

/**kxxkxx*x Natural Strategy *kkxkkxx/

int natural()

{
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int cell;

/* Choose at random. */
cell=(int) (3.0*sprng());

return cell;

/*%x%xx*xx*xx Perverse Strategy *okkokkkokk /

int perverse(int cell)

{

int provisional;

/* Choose at random. */

provisional=(int) (3.0%*sprng());

/* Choose at random until it differs from last time. */
while(cell==provisional){

provisional=(int) (3.0*sprng());
}

cell=provisional;

return cell;

/**xxkx%*% Spin Strategy *kxkkxkk/
int spin(int cell)

{

/* Choose in order. */
cell=(cell+2)%3;

return cell;
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/**xxkxx*% Backspin Strategy sxkkkkkx/

int backspin(int cell)
{

/* Choose in order of reverse. */
cell=(cell+1)%3;

return cell;

/**kxx*kxxk TitForTat Strategy **kkxk*x/

int titfortat(int mark_O,int pt_O,int mark_1,int pt_1,
int mark_2,int pt_2,int mark_3,int pt_3,
int mark_4,int pt_4,int mark_5,int pt_5)

int provisional[6],pt[6],mark[6];
int cell,i, j=0,k,pt_max=-6;

mark [0]=mark_O;
pt [0]=pt_0;
mark[1]=mark_1;
pt[1]l=pt_1;
mark [2]=mark_2;
pt[2]=pt_2;
mark [3]=mark_3;
pt [3]=pt_3;
mark[4]=mark_4;
pt[4]=pt_4;
mark [5]=mark_5;
pt [6]=pt_5;
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/* Calculate the highest score. */
for(i=0;i<=5;i++){
if (pt[1]>=pt_max){
pt_max=pt[i];
}

/* Count the highest score person. */
for(i=0;i<=5;i++){
if (pt [1]==pt_max){
provisional[j]=mark[i];
Jjt+;

}

k=(int) ((float) j*sprng());

/* Choose the highest score person’s hand. */
for(i=0;i<=j;i++){
if (i==k){
cell=provisionall[i];

3

return cell;

/*¥*kxx*kxx*k Pavlov Strategy xkkxkkxx/
int pavlov(int cell,int pt)
{

int provisional;

/* If the score is +, choose the same hand. */
if (pt>0){
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cell=cell;

/* If the score is -,
choose the hand different from last time. */
else if (pt<0){
provisional=(int) (3.0*sprng());

while(cell==provisional){
provisional=(int) (3.0*sprng());
}

cell=provisional;

/* If the score is 0, choose at random. */
else{

cell=(int) (3.0*sprng());
}

return cell;

/**kxxkx%k Majority Strategy sxkkkkkx/
int majority(int mark_0,int mark_1,int mark_2,int mark_3,

int mark_4,int mark_5)

int number[3],provisional [3],mark[6];

int cell,i,j,k=0,1,number_max=0;

for(j=0;j<=2;j++){
number [j]1=0;

}

mark[0]=mark_O;

mark[1]=mark_1;
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mark [2]=mark_2;
mark [3]=mark_3;
mark [4]=mark_4;
mark [5]=mark_5;

/* Count the number. */
for(j=0;j<=2;j++){
for(i=0;i<=5;i++){
if (mark[i]==3j){
number [j]++;

}

/* Calculate the maximum number. */
for(j=0;j<=2;j++){
if (number [j]>=number_max) {
number_max=number [j] ;

}

/* Count the group of the maximum number.

for(j=0;j<=2; j++){
if (number [j]==number_max) {
provisional [k]=j;
k++;

1=(int) ((float)k*sprng());

/* Choose the hand of the maximum number.

for(j=0; j<=k;j++){
if (j==1){
cell=provisionallj];
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return cell;

/**xxk%%% Minority Strategy sxkkkkkx/
int minority(int mark_0,int mark_1,int mark_2,int mark_3,

int mark_4,int mark_5)

int number[3],provisional [3] ,mark[6];

int cell,i,j,k=0,1,number_min=6;

for(j=0;j<=2;j++){
number [j]1=0;

}

mark [0]=mark_O;
mark[1]=mark_1;
mark[2]=mark_2;
mark [3]=mark_3;
mark[4]=mark_4;
mark [5]=mark_5;

/* Count the number. */
for(j=0;j<=2;j++){
for(i=0;i<=5;i++){
if (mark[i]==3)1{
number [j]++;

}

/* Calculate the minimum number. */
for(j=0;j<=2;j++){
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if (number [j]<=number_min){
number_min=number [j];

}

/* Count the group of the minimum number. */
for(j=0;j<=2;j++){
if (number [j]==number_min) {
provisional [k]=j;
k++;

1=(int) ((float)k*sprng());
/* Choose the hand of the minimum number. */
for(j=0; j<=k;j++){

if (j==1)1

cell=provisional[j];

¥

return cell;
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A3 0O00O0ODOOOOO

(i) PGPLOTODODODO
setenv PGPLOT_DIR /usr/lib/pgplot

i) DOoOooOoOo
gcc -Wall -c -g delta.c
(i) D O0O0O0OO0

g77 -o delta.e delta.o -lsprng -lgmp -lcpgplot -lpgplot
-L/usr/X11R6/1ib -1X11 -1gcc -lc

(iv) HEERE
delta.e

(v) GIFMergeO OO O
source ~/.tcshrc

(vi) GIFODODODOODOOOO
gifmerge step_*x.gif > step.gif
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HEN
gobbbbobbuooooooobbbobbbuoooooobbobo
gobobbobobooooooobbbbboddoooooooboboo
gobbobbbouoooooobobbbobbbodooooobbbo
goboooogobboboboobbbbbbotodoooooooooboboboo
gooobbbbbbobbdooooooooobbbbobbbob
gbobogoobbboogobbbuoobuoooobbbooogyd

47





