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f1$3B. Y32l —Ya>7Oavs L

BHFEHILGADY I 2 b=y a Y THWETOY 02K T2, 7O 541332077
ANV LHEREIN, make 7Y FIZEDEFTT7 714V gawac 7MER SN S,
gawac iZiEA 7 a & LT, -w T—AMr—R, -s ENA VKA M, -a XA MK
-p B&EH, -g BAH, -c FT7ERE, -f NSy I 774 VEDLETIENTEL, F0
D85 A—%lTinclude.h 77 A VTEZEENT WD, UTIEEFHETT,

#gawac -s 60 -d 6 -p 10 -g 1000 -c 6 -f data.txt

Genetic Alogrithm start.

P_CROSS = 0.300000 P_TURNOVER = 0.100000 P_MUTATION = 0.100000
N_SELECT = 7 PLOT_INTERVAL = 100 MIG = 1 MIG_INTERVAL = 20
total_sum = 1091

0th simulation start.

generation, max traffic, cut ratio, average, time(s)
0, 345, 0.8313, 0.3052 0,
100, 321, 0.7342, 0.2890 2,
200, 319, 0.6975, 0.2829 4,
300, 308, 0.6544, 0.2757 5,
400, 304, 0.6572, 0.2762 7,
500, 301, 0.6077, 0.2679 9,
600, 291, 0.5280, 0.2547 11,
700, 291, 0.5280,- 0.2547 13,
800, 286, 0.5179, 0.2530 15,
900, 285, 0.5005, 0.2501 16,
1000, 2717, 0 0.2482 18,

.4895,
CmommosmsmT======= optimize case result. ettt

genetic ->
222222220000000222051114315551434403321351314533335115540444

segment#0 traffic ratio-> 0.2447 station -> 9

segment#l traffic ratio-> 0.2521 station -> 10
segment#2 traffic ratio-> 0.2521 station -> 10
segment#3 traffic ratio-> 0.2466 station -> 11
segment#4 traffic ratio-> 0.2401 station -> 10
segment#5 traffic ratio-> 0.2539 station -> 10

total cut ratio -> 0.4895
average segment traffic -> 0.2482
total time = 18.31(s)

EITFRERIE, 60 DENA VKRR b & 6 58, EER 10 THTERAKE 6, BEHEE % 20 #4%
L L, 1000 HAETSELbDTH D, R BETe vy 71T o5h#k b Ty 7R
0.8313 205 0.4895 IZIA LT3 Z L0905,

B, bIev s F—FThbdata. txt lERENAINVEAINOESENFT Ly 7 EDOT5] 7
7A4NTHY, makematrix 2~ FCERTEETH 5,
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--~ Makefile file ---
# Makefile for gawac

CC = gcc
CFLAGS = -02
OFILES = main.o

all: gawac

gawac: $(OFILES)
$(CC) S$(CFLAGS) S{OFILES) -o gawac -1m

clean:
rm -f *.0 core *~ gawac

-—~ include.h file ---
/****************************************************

Genetic Algorithm for WACNet
include.h verl.2.1 Feb.12.1999

M.nozaki (nozaki@acr.atr.co. jp)

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

/5 N Ty =5 R ESE L TRA s

#define ARY_POS{row,col) (traffic + (station * row + col))
#define SWAP(a,b) {int tmp; tmp=a; a=b; b=tmp;} /* ATy 7 */
#define CUT_INDEX 1 /* BILEFTHBEEDFEYL */

#define P_CROSS 0.3 /* XXFEE

#define P_TURNOVER 0.1 /* & — > — V—fF *,

#define P_MUTATION 0.1 /* ZESAZEFEE =

#define N_SELECT (int) (population - P_CROSS*population)/* ZEIREAN L ELEE *~/
#define PLOT_INTERVAL 100 /* DZF&H L DEIRE ~/

#define AVERAGE 1 /* >3zl — 3 »YDEFELE */

#define MIG 1 /* BEDHE */

#define MIG_INTERVAL 20 /* BHFEDHE */

#define GENE 0
#define S_GENE 1
#define CUT 2
#define FIT 3

#define TiMEUSE /* D ATALRFEIICL BELE DL +y

int station; /* X7—23 ¥ */
int population; /* E# */
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int generation; /* HfTH */
int segment; /* T X2 M */
int group; /* Y ITEME */

int worst; /* T—X P —XDHFE */
int total_sum; /* £FF Ly DEH *+/

int *traffic; /* FZ v TFT—5 */

int *genetic; /* BBEEFEDEETDES] */
int *s_genetic; /* *genetic DERFF */

int *segtra; /* FPFZEvITF—TIN */

int *s_segtra; /* *segtra DREF */

int *sort_ary; /* V— MEF */

int *segtra_fit; /* @BIE */

int *segtra_fit_tbl; /* BLEDT—T N */
int *segtra_fit_sum; /* @IEDEE */

/* BT by A TEE </
void init_rand();

unsigned int get_rand(int);
void init_genetic();

int calc_segtra(int);

void calc_fitness();

void sort_s_segtra(int);
void selection();

void crossover();

void chk_gene();

void change_gene(int,int,int);
void mutation();

void migration();

void display(int);

—-—- main.c --—-
JEEAAAF AR A A KA FAA A AR A A AT A A AR A A AR A A A A A A AR A A AR A A A K

Genetic Algorithm for WACNet

main.c verl.2.1 Feb.12.1999
(ring type migration)

M.nozaki (nozaki@acr.atr.co.jp)

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

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <unistd.h>
#include <sys/times.h>
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#include "include.h"

main{argc, argv)
int argc;

char *argv(];

{

int 1,3.,k;

double seg_ratio; /* ZOXPF LY IZDHE %/
int seqg_sum; J* BEBOBRT LY S %/

int chk_seqg sum,ofs; /* seg sum®@Fz v 2/, 7€y F %/
int *seg dis; /* FETAVMIETIAT—2ar# «/

/* ETERMFIE */

struct tms at_start,at_end;

long clock_tick=sysconf (_SC_CLK_TCK);

/* NIy o TSGR T s ANEL T xy

FILE *fp;

/T a P EH s
int c¢;

int errflg = 0;
extern char *optarg;
extern int optopt;
worst = 0;

while((c = getopt(argc, argv,

switch(c) {

case 'w': /* T—R pFr—2R */
worst = 1;
break;

case 's': /* AF—=a>r */
station = atoi(optaryg);
break;

case ‘'d': /* BT AZ P */
segment = atoi(optarg);
break;

case 'p': /* FEL +/
population = atoi(optarg);
break;

case 'g': /* HE */
generation = atoil(optarg);
break;

case 'c': /* VITEMAE +/
group = atoil (optarg);
break;

case 'f':
fp = fopen{optarg, "r");
break;

“:ws:d:p:g:c:f::"))

| =

-1)



case ':':
fprintf (stderr, "option -%c requires an argument¥n"', optopt);
errflg++;
break;

case '?':
fprintf (stderr, "Unrecognized option: - %c¥n',optopt);
errflg++;

/F AT a B DRI */
if (errflg > 0 || segment >= station || fp == NULL) {
fprintf (stderr, "¥nUsage: gawac ¥t-w worst case¥n¥t¥t-s [station
number ] ¥n¥t¥t~d [segment number]¥n¥t¥t-p [population number]¥n¥t¥t-g
'fgeneration number ] ¥n¥t¥t-c [group numberl¥n¥t¥t-f matrix file¥n");

return(l);
}
traffic = (int *)malloc(sizeof(int)*station*station);
genetic = (int *)malloc(sizeof(int)*station*population*group);
s_genetic = (int *)malloc(sizeof {int)*station*population*group);
segtra = (int *)malloc(sizeof (int) *segment*population*group) ;
s_segtra = (int *)malloc(sizeof (int) *population*group) ;
seg_dis = (int *)malloc{sizeof(int)*segment) ;
sort_ary = (int *)malloc(sizeof{int) *population*group);
segtra_fit = (int *)malloc(sizeof (int)*N_SELECT*group) ;
segtra_fit_tbl = (int *)malloc(sizeof (int)*N_SELECT*group) ;
segtra_fit_sum = (int *)malloc(sizeof (int) *group) ;

/T T ANDBEDEFERIEL */
for(i=0;i<station;i++)
for(j=0;j<station;j++)
fscanf (fp, "%d" ,ARY_POS(i, J));

fclose(£fp) ;
total_sum = 0;

/AN S Yy 2 BDEIE
for(i=0;i<station;i++)
for(j=0;j<station; j++)
total_sum += *ARY_POS(i,j);

/* O DTFNIVER */

printf ("¥t¥nGenetic Alogrithm start.¥n");

printf (“P_CROSS = %f P_TURNOVER = %f P_MUTATION = %f¥n",
P_CROSS, P_TURNOVER, P_MUTATION) ;

printf ("N_SELECT = %d PLOT_INTERVAL = %4 MIG = %d MIG_INTERVAL = %d¥n",
N_SELECT, PLOT_INTERVAL,MIG,MIG_INTERVAL) ;

printf("total_sum = %d¥n", total_sum);

for (i=0; 1<AVERAGE; 1++) {
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printf ("%dth simulation start.¥n",i);
printf {"generation,¥tmax traffic,¥tcut ratio,¥taverage,¥ttime(s)¥n");

init_rand(); /* ELECDHHEIE */
init_genetic(); /* EEFDOEE */
calc_fitness(); /* BLEDEE */

times (&at_start); /* LEEHOFIHIFELE */
for{(j=0;j<=generation;j++) {

crossover(); /* X */
mutation(); /* FHREE */
calc_fitness();

1f(MIG && J¥MIG_INTERVAL == 0 && j != 0 && group > 1)
migration(); /* VTEFEOEE */

if (J$PLOT_INTERVAL == 0){ /* OZDEREZ A I > */

if(worst){ /* BV TEFORK ISy 73 F v s */
chk_seg_sum = 0;
- for(k=0;k<group;k++)
if(*(s_segtra + population*k) > chk_seg sum )} {
chk_seg sum = *{s_segtra + population*k);
ofs = k;

}
else{ /* BV TEFOBENIFF LY 273 F 2y */
chk_seg_sum = total_sum;
for (k=0;k<group; k++)
if(*(s_segtra + population*k) < chk_seg_sum ) {
chk_seg_sum = *{(s_segtra + population*k);
ofs = k;

seg_sum = 0;

/* FF R DBFIDGE */
for (k=0;k<segment ; k++)
seg_sum += *(segtra + segment* (population*ofs + *(sort_ary +
population*ofs)) + k);

/F JOXFSEy 2DREDEE

seg_ratio = (double) (seg_sum - total_sum)/total_sum;
times (&at_end); /* HEF TOMNEHRE */
/* 77— DER */

printf ("$d, ¥t¥tsd, ¥r¥e% . 4, ¥L¥ty  4E¥t¥tes . £, ¥n",
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3. /x Bt/

* (s_segtra + population*ofs), /* RAFTF LI */

seqg_ratio, /* ZHOAXAPTFE Y IDHEE </

(double)seg_sum/ (total_sum*segment), /* &7 X2 FOFHEEHET */
(at_end.tms_utime ~ at_start.tms_utime)/(double)clock tick); /*

BRG] */

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

*(seg_dis + i) = 0;
if (worst)
printf("¥n================ worst case
result.====ss==========¥n¥n");
else
printf ("¥n================  optimize case result.
s=m==s===s======¥n¥n")

printf ("genetic -> ");
for(i=0;i<station;i++){
) B TAY MNCET BT a Y EOFE +/
*(seg_dis + *(s_genetic + 1)) = *(seg_dis + *(s_genetic + 1i)) + 1;
/* BIEFINE — 2 DER */
printf{"%d", * (s_genetic + station*population*ofs + 1));
}
printf (“¥n¥n");

for (i=0;i<segment;i++)
printf ("segment#%d traffic ratio-> %.4f¥t station -> %d¥n",
i, /* BIAXZNEF */ ‘
/¢ FETAIPDN Ty B
(double)* (segtra + segment* (population*ofs + *(sort_ary +
population*ofs)) + i)/total_sum,
*(seg dis + 1)); /* BEITX DI T—ar# +/

/* 2O PSRy ZDEE */

printf("total cut ratio -> %.4f¥n", (double) (seg_sum -
total_sum)/total_sum);

J* ETR P DFHEF

printf ("average segment traffic -
> %.4f¥n", (double)seg_sum/ (total_sum*segment)};

/* F— S WLEBREE */

printf(“total time = %.2f(s)¥n¥n",

(at_end.tms_utime - at_start.tms_utime)/(double)clock_tick});
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/******************/

/*x BLEDERIIE *~*/

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

void init_rand()

{

#ifdef TIMEUSE

int seed = (int)time (NULL);
#else

int seed
#endif

1;

I

srand(seed) ;

return;

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

/** width DEFH TEEFEE *+/

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

unsigned int get_rand{width)
int width;
{
return{ (unsigned int) ((double)rand() / 32768.0 * width) );

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

/** BIEFDRIE ~+/

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

void init_genetic()
{
int quot,rest,offset;
int cnt = 0;
int set = 0;
int 1i,3.,k;
int rl,r2;

quot = station/segment; /* & */
rest = station$segment; /* & */

/* BPRESEITEEFEIER */
while(ecnt < station){
offset = c¢nt;
if (rest > 0)
for (1=0;i<=quot;i++) {
* (genetic + offset + i) = set;
cnt++;
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}
else
for (1=0;i<quot;i++) {
* (genetic + offset + 1) = set;
cnt++;
}
rest--;
set++;

/* FFEE x V7RG +/
for(i=1;i<population*group;i++)
for(j=0;j<station;j++)
* (genetic + (station*i + Jj)) = *(genetic + j);

s+ —EEICBIT S DEEFNE — 2 DERE */
for(i=0;i<population*group;i++)
for(j=0;j<station*station;j++) {
rl = get_rand(station);
do{
r2 = get_rand(station);
}while(* (genetic + station*i + rl)

== *(genetic + station*i + r2));
SWAP (* (genetic + (station*i +rl)),*(genetic + (station*i + r2)));

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

/** BILEDFIE *+/

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

void calc_fitness|()

{
int i,3.,k;
int max;

/* calc_segtra(int) CIRELNIEIT XY NMEDEAFS Ly 2 B (BE T —X)
DLLBB NSy 7E(RES —RX) ZRIF */
for (i=0;i<group;i++)
for (j=0;j<population;j++) {
* (s_segtra + population*i + j) = calc_segtra(population*i + j);

*(sort_ary + population*i + j) = j;

/* 5 _segtra #NESVIE(RE T —X) D L{ITKEVERBEr—X)IC/—F %/
for (i=0;i<group;i++)
sort_s_segtra(i);

/* V= P ENLIEITEEFE s_geneticiTE—T */
for (k=0; k<group; k++)
for (i=0;i<population;i++)
for(j=0;j<station;j++)

25



*(s_genetic + station*(population*k + i) + j) =
* (genetic + station* (population*k + *(sort_ary + population*k + 1))

+ 3

/BT RAYNED ISy s B BILEICER */
for (k=0;k<group;k++) {
max = 0;
for{i=0;i<N_SELECT;i++) {
* (segtra_fit + N_SELECT*k + i) =
(int)abs (pow(* (s_segtra + population*k + N_SELECT)
- *(s_segtra + population*k + 1), CUT_INDEX));
max += *(segtra_fit + N_SELECT*k + 1i);
*(segtra_fit_tbl + N_SELECT*k + 1) = max;
}

*(segtra_fit_sum + k) = max;

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

/*F PSRy TTNDY = b xxy

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

void sort_s_segtra(ofs)
int ofs;
{

int i,3;

int tmp;

if (worst) /* REIS~XTIIHBINZEy 2B KEZVIFICY—F */
for(i=1;i<population;i++)
for(j=i;3>=1;3--)
1if(* (s_segtra + population*ofs + j - 1) < *(s_segtra + population*ofs
+ 3))

SWAP(* (s_segtra + population*ofs + j - 1), *(s_segtra +

population*ofs + j)); v
SWAP(* (sort_ary + population*ofs + J
population*ofs + J));
}
else
break;
else /* MBI —ATIIRAFF &y 2EBINEGJEIZ Y — F */
for(i=1;i<population;i++)
for (j=i;j>=1;3--)
1f(*(s_segtra + population*ofs + j - 1) >

- 1), *(sort_ary +

* (s_segtra + population*ofs

L

+ 3))

1), *(s_segtra +

SWAP(* (s_segtra + population*ofs + j

population*ofs + j));

SWAP (* (sort_ary + population*ofs + j - 1), *(sort_ary +

population*ofs + j));:
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}

else
break;

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

/r* Py 2 EDEIE **/

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

int calc_segtra(popu)
int popu;
{

int tra =0;

int segofs,staofs;

int 1i,3;
segofs = segment*popu;
staofs = station*popu;

/* RSy o F—TINDREME */
for(i=0;i<segment;i++)
* (segtra + segofs + i ) = 0;

/* RSy 2 EBDFIE */
for (1=0;i<station;i++) {
for (j=0;j<station;j++){
* (segtra + segofs + *(genetic + staofs + 1)) += *ARY_POS(i, Jj);
if(* (genetic + staofs + i) != *(genetic + staofs + 3j))
* (segtra + segofs + *(genetic + staofs + 1i)) += *ARY POS(3j, 1i);

}

/Py I B(RES-X), BRIy 2B (RET—X) DFHE */
for(i=0;i<segment;i++)
if (worst)
tra += *(segtra + segofs + 1);
else if(*(segtra + segofs + 1) > tra)
tra = *(segtra + segofs + 1i);

return(tra);

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

/rx KX xH/

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

void crossover ()

{
int 1i,7.,k;
int rndl,rnd2;
int sel_genl,sel_gen2,c_point;
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for (k=0;k<group;k++) {
for (i=0; i<population;i++)
/* LY~ MMREFER x/
/* BELREETFIIEDE FRE */
if(i < N_SELECT)
for (j=0;j<station;j++)
* (genetic + station*(population*k + 1) + J) =
* (s_genetic + station*(population*k + 1) + J);
else 1f(*(segtra_fit_sum + k) == 0)
break;
elsef
/* =Ly FEEE */
/* BILEDEF OB TEHE T EE */
rndl = get_rand(*(segtra_fit_sum + k));
“““ /* BILEAZIE L TR & ER */
for{(j=0;j<N_SELECT;j++)
— if(*(segtra_fit_tbl + N_SELECT*k + j) > rndl){
sel_genl = J;
break;
}
rnd2 = get_rand(*(segtra_fit_sum + k));
for(j=0; j<N_SELECT; j++)
if(*(segtra_fit_tbl + N_SELECT*k + 3j) > rnd2){
sel_gen2 = j;
break;

/DKL P ERE </

c_point = get_rand(station);

/* BRENIAFEDEEF T */
for(j=0;j<station;j++)
if (j<c_point)
* (genetic + station* (population*k + 1) + J) =
* (s_genetic + station*(population*k + sel_genl) + j);
else ‘
* (genetic + station*(population*k + i) + j) =
* (s_genetic + station*(population*k + sel_gen2) + 3j);

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

/*F ZEERIEFE wHy

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

void mutation()
{

int 1i,3.k;

int rndl,rnd2;

for(k=0;k<group;k++) {
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for(i=1;i<population;i++)
1f (P_TURNOVER > 0 && get_rand(100) < P_TURNOVER*100) {
VAR Al VA Lol V4
/* WEDEEDEEFDOEEA 22 VX P */

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

if (* (genetic + station* (population*k + i) + j) == segment - 1)
* (genetic + station* (population*k + i) + j) = 0;
else

* (genetic + station* (population*k + i) + j) =

* (genetic + station®* (population*k + i) + 3j) + 1;
}
else if (P_MUTATION > 0 && get_rand(100) < P_MUTATION*100) {
/* BEEREER +/
/* FFEDEEDBIEFOME T +/
rndl = get_rand(station);
rnd2 = get_rand(station);
SWAP (* (genetic + station* (population*k + i) + rndl),

* (genetic + station*(population*k + 1) + rnd2));

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

JF* gl/_% x* /

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

void migration ()

{

int 1i,3;

/* BTV TEMAE TC—EEFLEBGFTH +/
for(i=1;i<group+l;i++)
for(3=0;j<station;j++)

if (i == group)

* (s_genetic + station* (population*i - 1) + j) =
* (s_genetic + j);

else

*(s_genetic + station* (population*i - 1) + j) =

*(s_genetic + station*population*i + Jj);

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

/% BRBEDFIR (T 7 /) **/

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

void display(type)
int type;
{

int 1i,3.k;

switch(type) {
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case GENE:
for(k=0;k<group;k++) {
printf (*group3d¥n”,k};
for(i=0;i<population;i++) {

printf(“"genetic%d = *,1);
for(j=0;j<station;Jj++) {
1if(j%4 == 0)
printf("_");

printf("$d", * (genetic + station*population*k + (station*i + j)));
}
printf("¥n");
1}
}
break;
case S_GENE:
for (k=0;k<group; k++) {
printf ("group%d¥n", k) ;
for(i=0;i<population;i++) {
printf("s_genetic%d = ",i);
for (§=0;j<station;j++) {
if(j%4 == 0)
printf("_");
printf("%d", *(s_genetic + station*(population*k + i) + 3J));
}
printf("¥n"});
}
) }
break;
case CUT:
for (k=0;k<group; k++) {
printf("group%d¥n", k) ;
for (i=0; i<population;i++) {
printf(“segtra%d = ",1);
for(j=0;j<segment;j++)
printf("%d, ",*(segtra + segment*population*k + segment*i + j));
printf("s_cut = %d sort_ary = %d¥n",
*(s_segtra + population*k + i),*(sort_ary + population*k + 1));
}
printf{"¥n");
}
break;
case FIT:
for(k=0;k<group;k++) {
printf ("¥ngroup%d¥n",K6 k) ;
for(1i=0;1i<N_SELECT;i++)
printf(*fit = %d,¥tfit_tbl = %d¥n-",
*({segtra_fit + N_SELECT*k + 1), *(segtra_fit_tbl + N_SELECT*k +
i));
printf("seg_tra_fit_sum = %$d¥n",* (segtra_ fit_sum + k));
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