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Abstract

The research mainly discusses Al. Al involves in several types, for example, neural network(NN),
which adopts human-like training method; Expert systems determine and make decision by what it has
known. We will use John Koza's Genetic Programming theory to implement an Al system.

Genetic Programming theory is based on GA. In our experiments, we have to define what kind of
applications we want : a sorting application, which 1s divided into two parts - a producer (along with
crossover and mutation operations) and an executor (along with judging operations), 1S an easy-
implemented algorithm. Our program, also with PVM, will approaches global optimal after evolutions.
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Warning:

The source code appended is provided only for test. We don’t guarantee

any responsibility over any system crash if you execute these programs.

* Facing any problem with compile or can’t successfully execution? Please resolve it by yourself,
or contact authors over mails:

*  Wei-Chiu Chuang wcchuang@ck.tp.edu.tw

* ¥ ¥ X

* Mau Fang Shiu mfshiu@ck.tp.edu.tw
B e
/* GPBubble

co-created by Wei-Chiu Chuang , Mau Fang Shiu
FlEr =3 - A EYE

*/

//1//config.h

#include <pvm3.h>
#include <stdio.h>
#include <time.h>
#include <stdlib.h>
#include <unistd.h>
#include <signal.h>
#include <math.h>
#include <limits.h>

/* user defined */
#include <struct.h>
//#1include <vmem.h>

#define ARG_ERROR -1 /* 1nput argument error */
#define OFFSPRINGS 10

#define FUNCTIONS 5

#define MARK_COMPLETE  2<<31-1

#define GROUP "GPBUBBLE"

#define PATHPROGRAM "/home/cominging/SF/gpbubble"
#define ONE_SECOND 1000000

#define FIVE_SECOND 5000000

#define TEN_SECOND 10000000

#define HALF_MINUTE 30000000

#define ONE_MINUTE 60000000

it 4773



#define RUNNING 11

#define EXIT 1<<?

#define TERMINATED 1<<3

extern void vinit(void); [* R R TR+
extern int v_alloc(int); /% 5?EEEE ‘23‘3F57”éﬂ */
extern int vread(int); /* ?E“VFFF%fTW (CILG L
extern int vwrite(int, int); TR ok

extern int vfree(int);

extern struct stacks (*pEssential[])(struct stacks *);

/% EPFT do_compare U %/
#define CMP_BIGGER 0O /*a> b */
#define CMP_BIGGEREQUAL 1 /* a >= b */
#define CMP_EQUAL 2 /*a=D>b */
#define CMP_SMALLEREQUAL 3 /% a<=b*
#define CMP_SMALLER 4 [/* a< b */
#define CMP_NOTEQUAL 5 /*al=Db*
#define CMP_COMPARE 6 /[ TEREpVEELH */

//char *pfunction_name[] = { "do_swap", "do_for", "do_next", "do_compare",
"do_start", "do_stop" };

extern struct stacks do_swap(struct stacks *);

extern struct stacks do_for(struct stacks *);

extern struct stacks do_next(struct stacks *);

extern struct stacks do_compare(struct stacks *);

extern struct stacks do_start(struct stacks *);

extern struct stacks do_stop(struct stacks *);

///////crossover.c
#include <config.h>

e
* yoi1d crossover( struct stacks *)

Gl =

* G *p

* RLgfHEC structure fOdElG i

ES

o B R AUES S ex. 99 %

* %

#define CROSSOVER 0.9
voild crossover(struct stacks *p){
srandom(time(0));
srand(time(0));
#1fdef DEBUG
printf("Entering crossover(*)\n");
#endif //DEBUG

IifiF 5/73



struct stacks *fl,*f2,*sw,*t=p;
int swapl,swap?;
int nposl,npos?;
int nPlen=0;
[* 0 AIVHESE ¥/
#1fdef DEBUG
printf("get total length\n");
#endif //DEBUG
while(1){
1f( t->next_depth !'= NULL ){
t = t->next_depth;
nPlen ++;
telse 1f( t->next != NULL ){
/] go across <for>,<compare>
1f( t->upper_depth == t->next )t = t->next->next;
else t = t->next;
nPlen ++;
Jelse break;
}
#1fdef DEBUG
printf("do swap!\n");
#endif //DEBUG
[* EIVRIH e
SRS Ry i 0
while(/* swapl != swap2*/ random() < (int)RAND_MAX*CROSSOVER ){ // Z[%&f/
LRE Uy
do{
swapl =(i1nt) ( (float)nPlen*rand()/(RAND MAX));
swap2 =(int) ( (float)nPlen*rand()/(RAND MAX));
jwhile( swapl == 0 || swap2 = 0 );
#1fdef RUN//DEBUG
printf("swapl:%d swap2:%d nPlen:%d\n",swapl,swap2,nPlen);
#endif // DEBUG
fl1=1f2=p;
nposl=npos2=0;
/% AR Eapt kg
while(nposl < swapl){
1f( fl->next_depth != NULL ){
f1 = fl->next_depth;
nposl++;
telse 1f( fl->next != NULL ){
1f( fl->upper_depth == fl->next )fl = fl->next->next;
else f1 = fl->next;
nposl++;
Jelse break;

IifiF 6/73



}
#1fdef RUN//DEBUG

printf("finish traveling swapl\n");
#endif // DEBUG
/% -4_3¢*U§Aﬂ\ pjrfﬁ}-*/
while(npos2 < swap2){
1f( f2->next_depth !'= NULL ){
f2 = f2->next_depth;
npos2++;
telse 1f( f2->next != NULL ){
1f( f2->upper_depth == f2->next )f2 = f2->next->next;
else f2 = f2->next;
npos2++;
Jelse break;

}
#1fdef RUN//DEBUG
printf("finish traveling\n");
#endif // DEBUG

A
struct stacks *fl_next,*fl_former; /* ﬁﬂﬁﬁi:fyj\ﬁagh %
sw = fl; AN

fl1 next = fl->next;
[lprintf("1\n");

f1 former = fl->former;
[lprintf("2\n");

1f( fl1->former !'= NULL)

fl->former->next = £2; /* 1 f1 pUf|— (WY epre=tl £2 */
[/printf("3\n");
1f( fl->next !'= NULL )

fl->next->former = £2; /* §1f1 pUspr(=ehy £2 fY s D AYR

dRy £1 D) ERe

[/printf("4\n");
f1->next = f2->next; [*FEUEL PR £2 AV R/
[lprintf("5\n");
fl->former = f2->former;/* 1 f1 PYf|Fie=tE £2 pVREr */
[lprintf("6\n");

#1fdef RUN//DEBUG
printf("fl done\n");
#endif // DEBUG
1f( f2->former !'= NULL )
f2->former->next = fl; /% 1 {2 fUfi|— [Hpv =Ll f1 %/
1f( f2->next != NULL )

Wifit 7/73



f2->next->former = £2; /% 212 Vi~ A (RL L1 P9~ )R E
d¥Ey £2 %/
f2->next = f1_next; [ gE1£2 AU SRR FLO Y s pE
f2->former = f1_former; /* 1 £2 AU~ E&>EVECE1 AV~ [ */
#1fdef RUN//DEBUG
printf("f2 done\n");
#endif // DEBUG
}
#1fdef DEBUG
printf("finish crossover...\n");
#endif
}

//////do_macro.c
#include <config.h>

struct stacks (*pEssential[])(struct stacks *) = {
/* do_max,

do_min,*/

do_swap,

do_for,

do_next,

do_compare,

do_stop,

do_start,

s

struct stacks do_swap(struct stacks *InData)

{
struct stacks return_stack;
int a = InData->element[0]; // Eﬁ¥ﬁﬁ?¢T
int b = InData->element[1]; // E*‘ﬁﬁ?ﬁT

1f( InData->nElement != 2 )
{

return_stack.arg _error = InData->arg error = 1;
}
else 1f( (a = vread(a)) == ARG_ERROR || (b = vread(b)) == ARG_ERROR )
{

return_stack.arg error = InData->arg error = 1;

}

else

{

return_stack
return_stack.intdatala]

*InData;
InData->intdata[b];

IifiF 8/73



InData->intdatala];
return_stack;

return_stack.intdata[b]
*InData

}

return return_stack;

}

struct stacks do_for(struct stacks *InData)
{
struct stacks return_stack;
int start; /% LPEFEAN start pUETE],
o #L U EE start JOVRERORRL . ¢
int stop;
int step = InData->element[2];

JH e S R .
* &) nElement % 4 #FAS =E allocate i+, AT vread
* P IRIREEE S allocate — ﬁlﬁ?ﬁ?; 557, Pl nElement J[&%%: 4,
* ﬂﬂﬁJqlE? arg_error FEEERY True (1);

iﬁ HIZS A g &2V InData EJ[J#~ PNELES for |f f" 7\%7%%?{@5
:[fkjyf{zpj*['mr

1f( InData->nElement == 4 )

{
start = vread(InData->element[3]);

}

else

{
InData->element[1] %= InData->nData;
InData->element[0] %= InData->nData;
start = InData->element[0];
InData->nElement = 4;
InData->element[3] = v_alloc(start);
1f( (InData->element[3]) == -1 )
{

InData->arg_error = 1;

}

}

stop = InData->element[1];

/¥ T iﬁ%ﬂ’“ﬁ@‘r start FLTRLE| D FTTRIFAYT ET, %A,'M%z step 2,
5 *’5&fﬁ§#ﬂy¢$ wwrite +1 FUfiED . SREK return_stack [Jﬁ~dyt
* InData PY[*|KEp. */

1f( InData->nElement == 4 )

{
switch(step)

Iif i+ 9/73



case 1:
1f( start > stop )
InData->nElement = 1;
else
vwrite(InData->element[3], start+step);
break;
case O:
1f( start == stop )

InData->nElement = 1;
break;
case -1:
1f( start < stop )
InData->nElement = 1;
else
vwrite(InData->element[3], start+step);
break;

}
}

return_stack = *InData;
return return_stack;

}

[FORAE ><" R AL
struct stacks do_next(struct stacks *InData)
{
struct stacks return_stack = *InData;
return return_stack;

}

struct stacks do_compare(struct stacks *InData)

{

struct stacks return_stack;
return_stack = *InData;

/* F, InData F[If¥ nElement £% 3 (Default) EHf“EkLVﬁQiQ?J?ﬂg%ﬁiﬁiﬂﬁ
* compare, [fij nElement [F'Fetl 3 f% 1. F H#=5520, fIIf element[0]
* ﬁmﬁﬁﬂﬁﬁ 1?&Mﬁﬁ$ﬁ,0*/
1f( InData->nElement == 3 )
{
int a = vread(InData->element[0O]%InData->nData);
int b = vread(InData->element[1]%InData->nData);
1f( @ == ARG_ERROR || b == ARG_ERROR )
{

return_stack.arg _error = InData->arg error = 1;
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else

return_stack.arg_error = InData->arg_error = 0;
InData->nElement = 1;
switch(InData->element[2])
{
case CMP_BIGGER:
1f( InData->intdata[InData->element[0]] > InData-
>intdata[ InData->element[1]] )
return_stack.element[0] = 1;
else return_stack.element[0] = O;
break;
case CMP_BIGGEREQUAL:
1f( InData->intdata[InData->element[0]] >= InData-
>intdata[InData->element[1]] )
return_stack.element[0] = 1;
else return_stack.element[0] = O;
break;
case CMP_EQUAL:
1f( InData->intdata[InData->element[0]] == InData-
>intdata[ InData->element[1]] )
return_stack.element[0] = 1;
else return_stack.element[0] = O;
break;
case CMP_SMALLEREQUAL:
1f( InData->intdata[InData->element[0]] <= InData-
>intdata[ InData->element[1]] )
return_stack.element[0] = 1;
else return_stack.element[0] = O;
break;
case CMP_SMALLER:
1f( InData->intdata[InData->element[0]] < InData-
>intdata[ InData->element[1]] )
return_stack.element[0] = 1;
else return_stack.element[0] = O;
break;
case CMP_NOTEQUAL:
1f( InData->intdata[InData->element[0]] != InData-
>intdata[InData->element[1]] )
return_stack.element[0] = 1;
else return_stack.element[0] = O;
break;
}

/] InData->element[0] = return_stack.element[O];
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else
{
/% 3 2, IO element[0] o585 0 */
InData->element[0] = return_stack.element[0] = O;
}
return return_stack;
}
struct stacks do_start(struct stacks *InData)
{
struct stacks return_stack = *InData;
return return_stack;
}
struct stacks do_stop(struct stacks *InData)
{
struct stacks return_stack = *InData;
return return_stack;
}
/lllllexec_judge.c
o e
* executor:
* $ generator & executor WiE[fl- WA, IR fork() & & HHA-V & fiopvm
o EGEFR 2 puER], IR
* $ f§ pvm_recv [IIFVIHEN generator & % Al purzy
* § TEAF NI pvm_send iR - i stack [lIfVERR
k0 ﬂﬂ”ﬁﬂﬂﬁJiTf;waﬂﬁiraﬂiﬁP, EHF g sigCaught, ¥, sig_catcher E?H'TH
* :fﬁﬁLﬂHFfFEV‘T1meSensor() R RS RS '[FHE151gCaught JfEy
* M execute s Zg (AL, ﬁ:ﬁﬁliﬁv‘”', = S PELEREY coda K E*?H
* [EG Judge.
* § Judge AU
* § Virtual Memory
* % int vread(addr)
* % int vwrite(addr, info)
* % int v_alloc(info)
* % 1nt viree(addr)
K L o . % |

J1QL: RLTALAE SR IORVRIAIE T RORTE Rk
#include "config.h"

#1fdef DEBUG
#include <string.h>
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char *mirror[] = { "do_swap", "do_for", "do_next", "do_compare", "do_stop",
"do_start" };
#endif

int sigCaught = 0;

void sig_catcher(int); /* E?Eﬁqigﬂ SIG_USRL V"~ */
voild catch _data(void);

void Judge(int *, 1int);

voild send_main_data(int);

voild coda(struct stacks *, struct stacks *);

voild int_init(void);

int  defaultData[MAX INT DATA]; /* testing data array */

int  nDefaultData; /* length of defaultData */
int  mytid; /* Task ID of this process */
int  mygid; /* Group ID of this process */
int  seed; [* *]

struct stacks *start; [* *]

#1fdef DEBUG
int  steps;
void ECHO(const char *str)

{
char buf[512], buf2[24];
sprintf(buf2, "%d-%03d\t", mytid, steps++);
strepy(buf, "echo '");
strepy(buf+strlen(buf), buf2);
strepy(buf+strlen(buf), str);
strepy(buf+strlen(buf), "' >> ~/SF/test");
system(buf);

}

#endif

void executor()

{
struct stacks *session, temp;
int x, Halt = 0;

signal (SIGUSRI, sig_catcher);

mytid = pvm_mytid();

mygid = pvm_joingroup(GROUP);

char buf[400];

sprintf(buf, "mytid%d mygid%d", mytid, mygid);
ECHO(buf);
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/] Catching data from parent.
catch_data();

// Initialize "~“srand'' function's seed
srand(seed);

/] Generate the ints what we want the program to sort.
int_init();

// Initialize the agency " “session''
session = start;

/] Initialize the virtual memory
vinit();

temp.nData = nDefaultData;
for(x=0; x<nDefaultData; x++)
{
temp.intdata[x] = defaultData[x];
}

while( !si1gCaught && !'Halt )

{
// Copy the last testing data to the next.
for(session->nData=temp.nData, x=0; x<temp.nData; X++)

{
session->intdata[x] = temp.intdata[x];
}
#1fdef DEBUG
/* char buf[400];
for(x=0; x<6; x++)
1f( pEssential[x] == session->pfunc )
break;

sprintf(buf, "pfunc(%-11s); %d %d", mirror[x], session->nData,
session->nElement);

ECHO(buf);*/
#endif

temp = (*session->pfunc)(session);

/] 1f argument 1s wrong, then halt this one.

1f( temp.arg error)

{

Halt = 1;
}
else 1f( (session->next_depth) != NULL )
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1f( (session->pfunc) == do_compare )
{
/] element[0] controlled 1f this node 1s ran.
1f( temp.element[0] )
session = session->next_depth;
/] 1f element[0O] 1s not true, then skipped it.
else 1f( (session->next) != NULL )
session = session->next;
/1 Else.. Halt.
else Halt = 1;

}
else 1f( session->pfunc == do_for )
{
// 1t means this cycle have done.
1f( temp.nElement == 1 )
{
viree(temp.element[3]);
1f( session->next != NULL )
session = session->nhext;
else Halt = 1;
}
else session = session->next_depth;
}

else printf("(executor) Unexpection Error: Unknown for
next_depth.\n");
}
else 1f( session->next != NULL )
sess1on = session->next;
else Halt = 1;
}

coda(start, session);

* yoid catch_data()
* § ¢ parent ¥ data.

void catch_data(void)
{
int nElement, element[MAX_ELEMENT], pfunc, x;
struct stacks *now, *last;
#1fdef DEBUG
int count = 0;
char buf[256], buf2[512];
#endif
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/*

#endif

now = NULL;
last = NULL;

pvm_recv(-1, 1);
pvm_upkint(&nDefaultData, 1, 1);
pvm_upkint(defaultData, nDefaultData, 1);
ECHO("Caught first Integer datum.");

while(1)

{

pvm_recv(-1, 1);
pvm_upkint(&nElement, 1, 1);
pvm_upkint(element, nElement, 1);
pvm_upkint (&pfunc, 1, 1);
ECHO("Caught 1");

#1fdef DEBUG

sprintf(buf2, "(%03d) pfunc=plls;%2d, %ld; seed: %10d", count++,
mirror[pfunc], pfunc, nElement, seed);
for(x=0; x<nElement; x++)

{
sprintf(buf, "\t%l12d", element[x]);
strcpy(buf2+strlen(buf2), buf);

}

ECHO(buf?2);*/

/] do_start

1f( pfunc = 5 )

{
ECHO("yeah! do start");
start = (struct stacks *)malloc(sizeof(struct stacks));
now = start;
now->arg_error = 0;
now->former = NULL;
now->nElement = 0;
now->next_depth = NULL;
now->pfunc = do_start;
now->upper_depth = NULL;
now->next = (struct stacks *)malloc(sizeof(struct stacks));
(now->next)->former = now;
(now->next)->upper_depth = NULL;
now = now->next;

}

/1 do_stop

else 1f( pfunc = 4 )

{

ECHO("haha... Do Stop.");
now->arg_error =0;
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now->nElement =0;

now->next = NULL;
now->next_depth = NULL;
now->pfunc = do_stop;
break;

}

else

{
now->arg_error =0;
now->pfunc = pEssential[pfunc];
now->nElement = nElement;

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

now->element[x] = element[x];

1f( now->pfunc == do_for || now->pfunc == do_compare )

{

*Ymalloc(sizeof(struct stacks));

>pfunc =

stacks));

}

else 1

{

do_compare )

else

now->next = NULL;

now->upper_depth= (now->former)->upper_depth;
now->next_depth = (struct stacks
(now->next_depth)->former = now;
(now->next_depth)->upper_depth = now;

now = now->next_depth;
f( now->pfunc == do_next )

now->next_depth = NULL;
1f( (now->former)->pfunc == do_for || (now->former)-

now->next = now->former;
now->upper_depth = now->former;
now = now->former;

}

else 1f( (now->former)->upper_depth !'= NULL )

{
now->next = (now->former)->upper_depth;
now->upper_depth = (now->former)->upper_depth;
now = (now->former)->upper_depth;

}

now->next = (struct stacks *)malloc(sizeof(struct
(now->next)->former = now;

(now->next)->upper_depth = now->upper_depth;
now = now->next;
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now->next_depth = NULL;
now->next = (struct stacks *)malloc(sizeof(struct

stacks));
(now->next)->upper_depth = now->upper_depth;
(now->next)->former = now;
now = now->next;
}
}
}
#ifdef DEBUG
ECHO("DATA catching 1s finished.");
#endif
}
L e e

* yvoid sig_catcher(int signal)
* § Tt would be called by the *“TimeSensor()"'
* § Set the variable "“sigCaught'' true.

voild sig_catcher(int handle)

{

signal (SIGUSRI, si1g catcher);

s1gCaught = handle;

ECHO("\033S1gnal caught...");
}
e

* void coda()
* § R AR
* $ REEIVHEY intdata 222 Judge()

void coda(struct stacks *start, struct stacks *node)
{
int intdata[MAX_INT DATA], x, nData;
struct stacks *session, *back;
extern void release(struct stacks *p);
/1l ECHO("\tCoda executed.");
nData = node->nData;
for(x=0; x<MAX_INT DATA; x++)
intdata[x] = node->intdata[x];
/1l ECHO("\t\t\tKilling tree.");
release(start);
#1fdef DEBUG
/* char buf[14007;
buf[0] = "\0"';
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for(x=0; x<nData; x++)

{

sprintf(buf+strlen(buf), "% ", intdata[x]);
}
ECHO(buf) ;*/

#endif

/] ECHO("Judging..");
Judge(intdata, nData);

}

void Judge(int *intdata, int nData)
{
int x, y, score;
/1! ECHO("Entered Judging.");
for(score=0, x=0; x<nData; x++)

{
for(y=x+1; y<nData; y++)
{
1f( intdata[x] <= intdatal[y] )
score++;
else
score--;
}
}

#1fdef DEBUG
// char buf[400];
// sprintf(buf, "\tScore: %4d %4d", score, nData);
/1l ECHO(buf);
#endif
1f( !'s1gCaught )
send_main_data(score);

else
return;
}
void send_main_data(int score)
{
int tid, tt = score;
tid = pvm_parent();
pvm_initsend(PvmDataDefault);
pvm_pkint(&tt, 1, 1);
pvm_send(tid, 1);
ECHO("\t\tScore Sent..");
}
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/ll///generator.c

#include <config.h>

extern void assign_data(struct stacks *);
extern void crossover(struct stacks *);
extern void mutation(struct stacks *);

extern struct stacks do_swap(struct stacks *);
extern struct stacks do_for(struct stacks *);
extern struct stacks do_next(struct stacks *);
extern struct stacks do_compare(struct stacks *);
extern struct stacks do_start(struct stacks *);
extern struct stacks do_stop(struct stacks *);

#define DEFAULTLENGTH 2
#define DO_START 5
#define DO_STOP 4
#define MAX_MEMORY_UNIT 100

PRI R
* #define FUNCTIONS 5

*
>l<>l<>l<>l<**********************/

/>{<

FET el |
i o g
VallocE) F%T
Vwrite()
Vinit()
Vread()

*/

EE S N 3

~
*

Comment by JoJo 02/11/23

S HApIRL A £ GP S by
FERFRH [ZHRY Y GA Library: GAlib made by MIT,
some examples also employ PVMAA

RN N N TR
B0 status == INIT:
— N 2 oS of fsprings
Y- H': &% 4 DEFAULT LENGTH = A VA=
A&7 P -SEYE] random==FINISH

v BV crossover

" eV mutation

iy

R I R R R
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* [pEImain()--> ¥~ executor(); --> judge()--> x=[pl generator () EIFT

«

* Y[ status == REPEAT:

* BT #7 JffYappend T ER 4 LENGTH A=

* AE 7 P SHYE] random==FINISH

* #um B crossover

* #um & M mutation

* i PN A

* [pEImain()--> #u~ executor(); --> judge()--> x=[pl generator () EIFT

ES

e
#define INIT 0

char *pfunction_name[] = { "do_swap", "do_for", "do_next", "do_compare",
"do_stop","do_start"};

//extern char *pfunction_namel[];

void genNew(struct stacks *);

void genAppend(struct stacks *);

vold generator(int status, struct stacks **prog, int nlnstances)
{

srand(time(0));

srandom( time(0));

int 1,j,tmp;

struct stacks *p;

printf("(generator) enter me!\n");

1f( status == INIT )

{
printf("(generator) status == INIT\n");
for(1=0; i<nInstances; 1++)
{
*(prog+1) = (struct stacks *)malloc(sizeof(struct stacks));
genNew(*(prog+1));
}
}
else
{
printf("(generator) status != INIT\n");
for(1=0; i<nlnstances; 1++)
{
1f( *(prog+1) == NULL )
{
*(prog+1) = (struct stacks *)malloc(sizeof(struct
stacks));

printf("(generator) node@hd 1s NULL (%d)\n", 1,
*(progt+i)),;
genNew(*(prog+1));
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else

printf("(generator) appending to %d\n", 1);
genAppend(*(prog+1));

}

void genNew(struct stacks *prog)
{
int plength=0, j, tmp;
struct stacks *p;
printf("(generator::genNew()) caught %d\n", prog);
p=prog;
p->former = NULL;
p->upper_depth = NULL;
p->next_depth = NULL;
p->pfunc = pEssential [DO_START];
p->nElement = 1;
p->element[0] =0;
assign_data(p);
p->next = (struct stacks *)malloc( sizeof(struct stacks) );
(p->next)->former = p;
(p->next)->upper_depth = NULL;
p = p->next; // [ [WFEEY

/] remember clearing data
for(j=0; j<DEFAULTLENGTH; j++)
{
do {
tmp = (int) ((float)FUNCTIONS*rand()/(RAND _MAX));
1f( pEssential[tmp] != do_start && pEssential[tmp] '= do_stop)
break;
} while( 1 );
p->pfunc = pEssential[tmp];
1f( p->pfunc == do_for )
(1 SRR
p->hext = NULL;
/LT A
// ﬁgﬂﬂﬁifégT: i for MEEIfl Y
p->upper_depth = p->former->upper_depth;
assign_data(p);
p->next_depth = (struct stacks *)malloc( sizeof(struct
stacks));
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Cominging */

Rl */

for?

*/

}

(p->next_depth)->former = p;
(p->next_depth)->upper_depth = p;
p = p->next_depth; // E* - ¢

else 1f( p->pfunc == do_next )

{

/*

% T\Bjﬁuj\iﬁﬁ'

* Pl forsfuib -
* f) for H - R

Foskstokostkok kol ok kckokockokocklok ok ok

}

| IFHHETH for

struct stacks *f;
assign_data(p);
1f( (p->former)->pfunc == do_for

|l (p->former)->pfunc == do_compare ) /* added by
{
f = p->former;
p->next = f; /* Ffilpl for */
p->upper_depth = f;
p->next_depth = NULL;
p = f; /* Ei<for, compare>¢¥ﬁij\~ ey
}
else 1f( (p->former)->upper_depth != NULL )
{
f = (p->former)->upper_depth; /* ?J&ﬂﬁg, F%— = EERL
p->next =1 /* Fhlpl for */
p->upper_depth =f;
p->next_depth = NULL;
p = f; /% ?E<for>i¥ﬁij‘~ (R */
}
else
{
p->upper_depth = NULL;
p->next_depth = NULL;
printf("\033[1;30m(ERROR! ! )\033[m");
}

p->next = (struct stacks *)malloc( sizeof(struct stacks) );
(p->next)->former = p;

(p->next)->upper_depth = p->upper_depth;

p = p->next;

[ st sttt st sk st sk st sk stk stk stk skostkokoroskoloroskolk ok

* do_compare =* do_for i[“JFﬂ‘ ]
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k= I
* 3F=" do_next
>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<************************/

else 1f( p->pfunc == do_compare )

{

p->next
p->upper_depth
fY compare HFEIfol +
assign_data(p);
p->next_depth = (struct stacks *)malloc( sizeof(struct

NULL; // E'Fpsdd 7 #p
p->former->upper_depth; // ﬁgﬂﬂﬁiiéafi‘%#

stacks));
(p->next_depth)->former = p;
(p->next_depth)->upper_depth = p;
p = p->next_depth; // &+ ~- T

}
else
{
p->next_depth = NULL;
] JERRER
/1l ﬁi%{éﬁﬂ
assign_data(p);
p->next = (struct stacks *)malloc( sizeof(struct stacks) );
(p->next)->upper_depth = p->upper_depth;
(p->next)->former = p;
p = p->next; // [ [WFEEY
}

'/ end of for(j)
// ad tail do_stop
p->pfunc = do_stop;
p->next = p->next_depth = NULL;
assign_data(p);
while(p->pfunc != do_start)
{
p = p->former; // iLF%iﬁﬁiﬁﬂﬁﬁ@fﬁP
}
#1fdef RUN
crossover(p);
mutation(p);
#endif
}

void genAppend(struct stacks *prog)
{

int tmp;

struct stacks *d, *where_stop;

printf("(generator::genAppend()) caught %d\n", prog);
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[ st s st st stesteoshe st stesk st stese st steshe sk stoske st stk st sk stk stk itk ikl stoloskekoslokoiolokoroskokokoslkokoroskok ko

%
* Comment by JoJo

*  After our first generation,

* the second generations 1s to append variable length

*  to the program

* Warning:

* gsome of the offsprings have already killed ....

* If find some killed "body", then copy existed one to 1it.
ES

Hskostesesteskesteskoksiolosiolosiolossolokolkokoskokoskoloskotokostok sokoslokosloekoloioleiokesolkokoskoskooskoRsiookoloksoksokosokok |/

d = prog;
1f( d == NULL )
{
printf("dEAD. .\n");
return;
}
/*
while( d->next->pfunc != do_stop )
{
d = d->next;
1f( d = NULL ) printf("ERROR!!!\n");
}
*/
while(d->next != NULL || d->next_depth !'= NULL )
{
1f( d->next != NULL) d=d->next;
else 1f( d->next_depth != NULL) d=d->next_depth;
}

where_stop = d;
1f( where_stop->pfunc != do_stop ) printf("\n\t\033[0;32mBIGERROR lost
do_stop\033[Om\n");
d = d->former;
#1fdef DEBUG
/1l printf("do_stop found ..\n");
#endif
tmp=(1nt)((float)FUNCTIONS*rand()/(RAND_MAX));
if( pEssential[tmp] == do_stop ) { //EH+H[i "
printf("lst use do_stop? do nothing..exit \n");
}
else
{
d->next = (struct stacks *)malloc( sizeof ( struct stacks ) );
d->next->former = d;
d->next->upper_depth = d->upper_depth;
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d->next->pfunc = pEssential[tmp];
//assign_data( d->next);
d = d->next;

while(1)
{ [ 1 E] 955 8 do_s top Y [
//while( d->next->pfunc != do_stop )d = d->next;

tmp=(1nt) ( (float)FUNCTIONS*rand()/(RAND MAX));
1f( pEssential[tmp] == do_stop )

{
#1fdef DEBUG
/1l printf(">>do_stop...finish");
#endif
/% 5% where_stop, #°Id->former P next $§%@’Where_stop ,
free (d) */
/lassign_data(where_stop);
d->former->next = where_stop;
where_stop->former = d->former;
free( d);
where_stop->next=NULL;
where_stop->next_depth=NULL;
break;
Y/ YPHEERS STOP il il
else {
where_stop->former = d;
#1fdef DEBUG
// printf("set where_stop->former = d= %d\n",(int)d);
#endif
}

d->pfunc = pEssential[tmp];

1f( d->pfunc == do_for )

(1 ER e
#1fdef DEBUG

/1l printf("do->pfunc=do_for\n");

#endif

/] printf("former= %d\n",d->former);
d->next = NULL; [ VT H5E
d->upper_depth = d->former->upper_depth;// ﬁgﬂﬂﬁiféﬁf

- FE:ILIE]U for ’H’Ij;h;g[ E[’J,
assign_data(d);
d->next_depth = (struct stacks *)malloc( sizeof(struct
stacks));
d->next_depth->former = d;
d->next_depth->upper_depth = d;
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d = d->next_depth; /] & =gt
#1fdef DEBUG
// printf("finish construct do_for\n");
#endif
}
else 1f( d->pfunc == do_next )
{ //%ﬁﬁhiﬁﬂﬁ for
/***********************
% T\Bjﬁuj\iﬁﬁ'
* Pl forsfuib -
* F5] for - i
************************/
#1fdef DEBUG
/1l printf("do->pfunc=do_next\n");
#endif
struct stacks *f;
1f( d->former->pfunc == do_for )
f = d->former;
else
f = d->former->upper_depth; /* ?Jﬁﬂﬁﬁ Fﬁ— -
(EHRERL for?  */

d->next = f; /%% fAi[p| for **/

d->upper_depth = f;

d->next_depth = NULL;

assign_data(d);

1f( f != NULL)

d = f; /% 59E@<for>i¥ﬁij\

— [FerR */

d->next = (struct stacks *)malloc( sizeof(struct
stacks) );

d->next->former = d;
d->next->upper_depth = d->upper_depth;
d = d->next;

#1fdef DEBUG

/1l printf("finish construct do_next\n");

#endif

}

[ skt stk ksl stk siokekokskolkokoskokoskotoskotokosok sokookok

* do_compare ¥ do_for iLHJEﬂ# e
* = do_next
**********************************/

else 1f( d->pfunc == do_compare )

{
d->next = NULL; // FVRipssd 2
d->upper_depth = d->former->upper_depth; // Bkt

537 gt compare BRFEIfel o
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assign_data(d);
d->next_depth = (struct stacks *)malloc( sizeof(struct

stacks));
d->next_depth->former = d;
d->next_depth->upper_depth = d;
d = d->next_depth; // &7+ - ¢
}
else
{
d->next_depth = NULL;
/] B
/1l ﬁﬁ%{ﬁﬁﬂ
d->next = (struct stacks *)malloc( sizeof(struct
stacks) );
assign_data(d);
d->next->upper_depth = d->upper_depth;
d->next->former=d;
d = d->next; // [~ [HFEE
}
3/ while(1)
/* already done before */
while(d->former != NULL)
d = d->former; // ﬁéﬁﬁiﬂﬁiﬁlﬁﬂﬁ?ﬁP
#1fdef RUN
/] &P
crossover(d);
/] g
mutation(d);
#endif
}// end of 1f(do_stop)
}
/*
* MAX_MEMORY_UNIT 100
ES

*okckskckskekckckx

[ e e e e
* void assign_data(struct stacks *)
*
R L o o e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e mmmmmmmmm
/% SPHT do_compare U */
#define CMP_BIGGER 0 /*a> b*
#define CMP_BIGGEREQUAL 1 /* a >=b */
#define CMP_EQUAL 2 [*a=Db%*
#define CMP_SMALLEREQUAL 3 /fa<=b*
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#define CMP_SMALLER 4 /*a< b*
#define CMP_NOTEQUAL 5 /*al=b*
#define CMP_COMPARE 6 /% DERkpuFESE */

void assign_data(struct stacks *p)
{
#1fdef DEBUG
/1l printf("assign_data..\n");
#endif
p->nElement = 1;
int addrl, addr2;
1f( p->pfunc == do_swap )
{
do {
addrl = (int) ((float)MAX MEMORY UNIT*rand()/RAND_MAX);
addr2 = (int) ((float)MAX MEMORY UNIT*rand()/RAND_MAX);
} while( addr2 == addrl );
p->nElement = 2;
p->element[0] = addrl;
p->element[1] = addr2;
#1fdef DEBUG
printf("do_swap->");
#endif
}
else 1f( p->pfunc == do_start )
{
p->nElement = 0;
#1fdef DEBUG
printf("(( do_start->");
#endif
}
else 1f( p->pfunc == do_compare )
{
do
{ /] addr2 TH=E addrl — i TIREFILYER by jojo
addrl = (int) ((float)MAX MEMORY_UNIT*rand()/RAND_MAX);
addr2 = (int) ((float)MAX MEMORY UNIT*rand()/RAND_MAX);
}
while( addr2 == addrl );
p->nElement = 3;
p->element[0]
p->element[1]
p->element[2]
#1fdef DEBUG
printf("do_compare->");

addrl;
addr?;
(int)((float)CMP_COMPARE*rand()/RAND_MAX);

#endif
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}
else 1f( p->pfunc == do_stop )
{
p->nElement = 0;
#1fdef DEBUG
printf("\033[0;33mdo_stop\033[0m ))\n");
#endif
}
else 1f( p->pfunc == do_for )
{
// define starter, goal, steper
//  FOR i=starter->goal step stper;
/*
* FOR_ARG_START = specific[0]
* FOR_ARG_GOAL specific[1]
* FOR_ARG_STEP = specific[2]
ES
ES

FOR_ARG_COUNTER = specific[3];
*************************************/
p->element[0] = random();
p->element[1] = random();
// Cominging changed.
p->element[2] = ((int)((float)rand()/RAND_MAX)*INT MAX)%3-1;
p->nElement = 3;
#1fdef DEBUG
printf("do_for->");
#endif
}
else 1f( p->pfunc == do_next )
{
/1 Cominging changed.
p->nElement = 0;
#1fdef DEBUG
printf("do_next->");
#endif
}

else

{
#1fdef DEBUG

printf("\033[1;33m(assign_data) ERROR!!\033[m can't assign what p-
>pfunc 1s...\n");
#endif
}
}

//////main.c
#include <stdio.h>
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#include "config.h"
#include <stdlib.h>
#include <time.h>

/* 1mplemented by JoJo */

extern void mututation();

extern void crossover();

extern void generator(int, struct stacks **, int);

extern void send _data(struct stacks **, int *, int );

extern void assign data(struct stacks *);

extern void selectbetter(struct stacks **, int*, int, int*);
/* 1implemented by Koala */

extern void executor();

extern void Judge(int *, int);

extern void sig_catcher();
/* koo sk sk skoskoskoskeoskoskoskeoskokoskosk */

int determineToDie(float);
int complete();
void nano(int *, int);

int judge_data[OFFSPRINGS];
#define DIFFTIME( x, vy ) (y.tv_sec - Xx.tv_sec)*1000000 + y.tv_usec-
X.tv_usec

e
* 1nt determineToDie(float)

* (M rate & 4 - l’ﬁ%@ﬁJR%ﬂ?i ARy y-d
K L L o i %
int determineToDie(float rate){
1f( random() < (int)(RAND_MAX * rate) )
return 1; /* Pﬁpﬁ =N
else return 0; [* g G 3= ¥/
}
o e
* 1nt complete()
ST L IR 2 A 2
K %

int complete()

{
int 1;
for(1=0; 1<OFFSPRINGS; 1++)
1f( judge _data[1] == MARK COMPLETE )return 1;
return 0;
}
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int main(void)

{

/* randomly run n instruments */
printf("Start Genetic Programming..... \n");
/* sk sk sk st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk stk sk kst sk sk skt sk skeosk skt skt sk ko skoske skeskeskokosk
* HER:
ko AlMa- % generator()->&% 4 DEFAULTLENGTH = 4 #H =t
* EZE[executorO)FET  =ZE[ judge ﬁﬁ?ﬂﬁiﬁii}ﬁ?
* o T nE Ry 2R generator () -->
¥ E[ judge()s By reach MARK_COMPLETE // % = A5
*
* ********************************************************/
srand(time(NULL));
1f( pvm_parent() != PvmNoParent )
{
/* Execute the queue */
executor();
}
else
{ /* I'm parent */

struct timeval tv_before,tv_after;
struct timezone tz;

int timediff;

/* record programs status */

int status[OFFSPRINGS];

int do_penalty[] = {0,0,0,0,0,0};
/* PW control */

int bufid, bytes, msgtag, tid, where, gnum, score;
int tids[OFFSPRINGS];

int 1, count=0;

int dead;

int 1s_start=0;

struct stacks *prog[OFFSPRINGS];
float rate;

/* do initialization */

#i1fdef DEBUG

#endif

printf("(main) joingroup %s\n", GROUP);

1f( pvm_joingroup(GROUP) < 0 )

printf("\033[1;3ImJoin Group Error!!!\033[m\n");
while( !complete() )
{

printf("not complete ..\n");

/* do initialization */

count = 0;
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for(1=0; 1<OFFSPRINGS; 1++)

{
status[1] = RUNNING;
judge_data[1] = O;
}
tz.tz_dsttime = 0O; tz.tz_minuteswest = 0;

//W@ﬁﬁmﬁ%
gettimeofday(&tv_before, &tz);

/* ook sk sk oskosk skok skoke sk kosk skoke skekeskokskk o sk

* Bk - (89787 generator() )

* WHTHL - S% pvm_spawn()

RN NE = F’iﬁﬂfﬁg L Efﬁg?c

s skeskoskoskoskosk stk skoskoske sk skoskoskoskokokokoskoskoskosk */
generator(is_start++, prog, OFFSPRINGS);

#1fdef DEBUG

printf("start pvm_spawn...\n");

#endif
for(dead=0, 1=0; 1<OFFSPRINGS; 1++)
{
printf("%d\n", prog[i]);
1f( prog[i1] == NULL )
{
status[1] = TERMINATED;
dead++;
}
else 1f( prog[i]->pfunc == pEssential[4] )
{
status[1] = TERMINATED;
dead++;
}
}

gnum = pvm_spawn(PATHPROGRAM, (char **)0, PvmTaskDefault,
(char *)0, OFFSPRINGS-dead, tids);

send_data(prog, tids, gnum);
#1fdef DEBUG

printf("TIDS:");

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

printf("[%d]%d ", 1, tids[1]);
printf("\n");
printf("wait until %d child(ren) leaving or terminated..\n",

gnum) ;
#endif
while( count < gnum )
{ // wait until all child leaving or terminated
while( (bufid = pvm_nrecv(-1, -1)) !=0 )
{ /] Receive data
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pvm_bufinfo( bufid , &bytes, &msgtag, &tid );
/] 1dentify where the message sent
/] packet format:
/] 1. serial number of the process
/1l 2. scores
pvm_upkint(&score, 1, 1);

for(i1=-1, where=0; where<gnum; where++)
1f( tids[where] = tid )
{
int j, t;
for(j=0, t=0; j<OFFSPRINGS && where >
t; J+)
{
1f( prog[j] '= NULL )
{
1f( prog[j]->pfunc !=

do_stop )
{
t++;
}
}
}
1f( j >= OFFSPRINGS )
printf("\033[1;31mWARNING: Can't
find ti1d%d's position\033[m", tid);
status[j] = EXIT;
judge_data[j] = score;
printf("{recv: @2d %3d (%6d)}\n", j,
score, tid);
1 =1;
count++;
/[*1f( count++ %S5 = 4 )
printf("\n");*/
break;
}
if(1=-1)
{
printf("\033[1;3ImCan't find correct
tid..\033[m (tid:%d score:%d)", tid, score);
}
} // end of while( bufid )
/] printf("Outta (%d)\n", count);
gettimeofday( &tv_after, &tz);
timediff = DIFFTIME( tv_before,tv_after);
11( timediff > ONE_MINUTE && !do_penalty[0] )
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{ rate = 0.9; do_penalty[0] = 1;}

else 1f( timediff > HALF MINUTE && !do_penalty[1])
{ rate = 0.5; do_penalty[l] = 1;}

else 1f( timediff > TEN_SECOND && !do_penalty[2])
{ rate = 0.1; do_penalty[2] = 1;}

else 1f( timediff > FIVE SECOND && !do_penalty[3])
{ rate = 0.01; do_penalty[3] = 1;}

else 1f( timediff > ONE_SECOND && 'do_penalty[4])
{ rate = 0.001; do_penalty[4] = 1;}

else 1f( 'do_penalty[5] )
{ rate = 0.0005;do_penalty[5] = 1;}

for(1=0; 1<OFFSPRINGS; 1++)
{
1f( status[1] != TERMINATED && status[1] != EXIT )
{
1f( determineToDie(rate) )
{
/*  H| pvm_sensig(TID, SIGNUM); */
int x, j;
for(x=0, j=0; x<i; X++)
{
1f( prog[x] !'= NULL && prog[x]-
>pfunc !'= do_stop )
{
I+t
}
}
printf(":: It 1s a good day to die,
%d(%d,%d)\n", tids[j], j, 1);
pvm_sendsig(tids[j], SIGUSRL);
status[1] = TERMINATED;
judge data[1] = -1;
count++;
}// end of 1f(determineToDie())
}
}// end of for(1)
usleep(1000);
}// end of while(count)
nano(judge_data, gnum);
selectbetter(prog, judge_data, OFFSPRINGS, status);
/1l getchar();
printf("aaaa\n");
}// end of while (!complete())
}//end of 1f(fork())
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void nano(int *judge _data, int nlnstance)

{

}

int 1, ave = 0;

for(1=0; i<nlnstance; 1++)
ave += judge_data[1];

ave /= nlnstance;

printf("=====—==== T14:: @d (7¥)\n", ave);

/////mutation.c
#include <config.h>
extern void assign _data(struct stacks *);

/%

%

EE S R

*

void mutation( struct stacks *)

RLE A structure U@

2L
% *p
oA Y [

AR EIUESF ex. 1 %

#define MUTATION 0.10

void mutation(struct stacks *p){
srandom(time(0));
srand(time(0));

#1

fdef DEBUG

printf("Entering mutation(*)\n");
#endif //DEBUG
struct stacks *t = p;

int mtt,tmp,npos=0,nPlen=0;

#1fdef DEBUG
printf("get total length\n");
#endif //DEBUG
/] FVEHES

while(1){

1f( t!= NULL && t->next_depth != NULL ){

lelse

printf("going to next depth\n");

t = t->next_depth;
nPlen ++;

1f(t !'= NULL & t->next != NULL ){
printf("going to next\n");

/] go across <for>,<compare>
1f( t->upper_depth == t->next

else t = t->next;
nPlen ++;
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Jelse break;
}
printf("aaaa\n");
while( random() < (1int)RAND MAX*MUTATION /*mtt != 0 Il mtt !=
nPlen*/ ){ // Z[J&pHa87vpd?
#1fdef DEBUG
printf("do mutation...\n");
#endif //DEBUG
do{
mtt =(int) ( (float)nPlen*rand()/(RAND_MAX));
Jjwhile( mtt = 0);
#1fdef DEBUG//RUN//DEBUG
printf("mtt:%d nPlen:%d\n",mtt,nPlen);
#endif // DEBUG
while(npos < mtt){
1f( t->next_depth != NULL ){
t = t->next_depth;
npos++;
Jelse 1f( t->next != NULL ){
1f( t->upper_depth == t->next )t = t->next->next;
else t = t->next;
npos++;
Jelse break;
}
tmp = (1nt)((float)FUNCTIONS*rand()/(RAND MAX));
t->pfunc = pEssential[tmp];
assign_data(t);
}
#1fdef DEBUG
printf("finish mutation...\n");
#endif

}

/11//select.c
#include <config.h>

#define BETTER 0.40
/*struct _SORT{
int judge;
int order;
}_sorted;
*/
voild release(struct stacks *);

void selectbetter(struct stacks **p, int *judge data, int nlInstances, int
*Status)
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/* from nInstances select better k % */
int 1, j, tmp=0, count, max=0;
int sorted[nlnstances];
int betterInstances;
#1fdef DEBUG
printf("Entering selectbeter()...\n");
#endif
/] sort rank from higher to lowest
/] judge_data then won't be used, so we can change i1ts content.
for(count=0, 1=0; i<nlnstances; 1++)

{
1f( *(status+1) == EXIT )
count++;
}
for(1=0; i<count; i++)
{
for(max=-INT_MAX, j=0; j<nInstances; j++)
{
1f( *(judge_data+j) > max && *(status+j) == EXIT )
{
max = *(judge_data+]);
tmp = J;
}
}
*(judge_data+tmp) = -INT MAX;
sorted[1] = tmp;
printf("sorted[%d]: %d (%d)\n", 1, tmp, *(judge_data+tmp));
}

for(max=0; max<nlnstances; max++)
1f( *(status+max) != EXIT )
{
sorted[ 1++] = max;
printf("o-sorted[%d]: %d\n", 1-1, max);
}

betterInstances = (int)(nlInstances*BETTER);
printf("betterInstance..%d\n", betterInstances);
for(i=betterInstances; i<nlInstances; i++)
{
/* delete what we don't wnat */
#1fdef DEBUG
printf("(select) Cleaning %d(%d)\n", 1, *(p+sorted[1i]));
#endif
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release(*(p+sorted[i]));
*(ptsorted[1]) = NULL;
#1fdef DEBUG
printf("(select) Cleaned.\n");
#endif
}
}

void release(struct stacks *p)
{
/* free memory */
/* recursively */
#1fdef DEBUG
printf("(select) Release...\n");
#endif
struct stacks *t= p;
struct stacks *nexts;
while(t != NULL ){
nexts = t->next;
1f( t->pfunc == do_for Il t->pfunc == do_compare ){
#1fdef DEBUG
printf("release do_for or do_compare\n");
#endif
release( t->next_depth );
}
1f( ( t->pfunc == do_next && t->upper_depth !'= NULL ) |l t->pfunc =
do_stop ) {
free(t);
#1fdef DEBUG
printf("bumping do_next or do_stop! return\n");

#endif
return ;
}
else {
free(t);
t = nexts;
}
}
}

/1] #include "config.h"

int nData;
int dData[MAX_INT _DATA];

extern char *pfunction_name[];
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voild 1nt_init()

{
int x;
nData = ((int) ((float)MAX INT DATA*rand()/RAND_MAX))%MAX_ INT DATA+1;
for(x=0; x<nData; x++)
dData[x] = ((int)((float)INT MAX*rand()/RAND_MAX));
}

void send_data(struct stacks **prog, int *tids, int nlnstances)
{

int 1, j, *t;

struct stacks *p;

int a, tmp=0;

int seed;

srand(time(NULL));
int_init();

printf("start send_data...\n");
for(i=0, j=0; i1<OFFSPRINGS; i++)

{
1f( *(prog+1) = NULL || prog[i]->pfunc == pEssential[4] )
continue;
#1fdef DEBUG
/* 1f( *(prog+1) !'= NULL )
printf("@d 1nstance..(%x) seed: %d\n", 1, *(prog+i), seed);
else
printf("instance(%d) 1s dead\n", 1);
*/
#endif

p = *(prog + 1);
printf("[%d %d1%d] ", *(tids+j), j, *(prog+1i));

pvm_initsend(PvmDataDefault);
pvm_pkint(&nData, 1, 1);
pvm_pkint((int *)dData, nData, 1);
pvm_send(*(tids+j), 1);

/] TEPRZE] do_stop [E— il
while(p != NULL)
{
pvm_initsend(PvmDataDefault);
/] printf(" %d&%d",p->nElement, tmp);
#1fdef DEBUG
1f( p->pfunc == do_start )
printf("(STT)");

Iif i 40/73



else 1f( p->pfunc == do_stop )
printf("(STP)");

else 1f( p->pfunc == do_swap )
printf("(SWP)");

else 1f( p->pfunc == do_for )
printf("(FOR)");

else 1f( p->pfunc == do_next )
printf("(NXT)");

else 1f( p->pfunc == do_compare )
printf("(CMP)");
else
#endif
/1l 1f( p->pfunc != do_start && p->pfunc != do_stop && p->pfunc !=
do_swap && p->pfunc != do_for && p->pfunc != do_next && p->pfunc != do_compare )
{

p->pfunc = do_stop;
p->nElement = 0;
p->next_depth = NULL;

p->next = NULL;
p->upper_depth = NULL;
tmp = 0;

#1fdef DEBUG
printf("Exception.. (STP)");

#endif

}

for(a=0;a<6;a++)

1f( pEssential[a] == p->pfunc )
tmp = a;

pvm_pkint( &(p->nElement), 1 ,1 );

pvm_pkint( p->element, p->nElement, 1);

pvm_pkint( &tmp, 1, 1);

pvm_send(*(tids+j), 1  /*SENDTAG*/);

1f ( p->next_depth !'= NULL )
{
p = p->next_depth;
}
else
{
1f( p->upper_depth == p->next && p->upper_depth !=
NULL)p = p->next->next;
else p = p->next;

}
}
printf("\n");
Jt++s
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}

/l//struct.h

/*struct stacks {
int element[MAX_ELEMENT];
int nElement;

int intdata[100];
int nData;

struct stacks *upper_depth; // ﬁﬁﬁdl*— et

struct stacks *next;
struct stacks *former;
/] &f forﬁﬂﬂ?ﬁﬁﬁ

struct stacks “*next_depth;

struct stacks (*pfunc)(struct stacks *);

int stack_size;
1%l

/* OTHER LIMITS DEFINATION _Hfputiz */

#define MAX_ELEMENT
#define MAX_INT DATA
struct stacks

{

4
10

int element[MAX ELEMENT];

int nElement;

int intdata[MAX_INT_DATA];

int nData;

Int arg_error;

[*

struct stacks *upper_depth;
struct stacks *next_depth;

struct stacks *next;
struct stacks *former;

struct stacks (*pfunc)(struct

pointer) */

1
////vmem.c

#define MAX_MEMORY_UNIT

100

/% ETT;]EILJ?“_?’# */
/% Flalsmﬁ—;tigfr */

[* I sorting ey */
sorting fVErR[F] 2 */

/% ﬂp\[ﬂéﬁé 2L+

N7 ) B

% (JUTSEE - g

A LA 1l I 1 T

[* *]

stacks *);  /* FFHE PURREARE (function

¢ R INIT B %/
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int vmem[MAX_MEMORY_UNIT][2]; /* ¢ Ch;%f Wﬁ Y
[‘E‘l

int vmem_stack; /% =1aN] Fﬂ4éﬂéﬁ~*/
void vinit()
{
int x;
for(x=0; x<MAX_MEMORY UNIT; x++)
{
vmem[x][0] = O;
vmem[x][1] = -1;
}
return;
}
int v_alloc(int info)
{
1f( vmem_stack >= MAX_MEMORY_UNIT )
return -1;
vmem[ vmem_stack][0] = info;
vmem[ vmem_stack][1] = O;
return vmem_stack++;
}
int vread(int addr)
{
/1 R A i
1f( vmem[addr][1] = -1 )
return -1;
else
return vmem[addr][0];
}
int vwrite(int addr, int info)
{
TS (RIS
1f( vmem[addr][1] == -1 )
return -1;
a3
else 1f( vmem[addr][1] =1 )
return 0;
else
{
vmem[addr][0] = info;
return 1;
}
}
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int viree(int addr)

{
1f( vmem[addr][1] = -1 )
return -1;
else
{
vmem[addr][1] = -1;
vmem[ addr][0] = O;
return 1;
}
}
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/* TTToe_ab
created by Mau Fang Shiu
Fler (73
alpha-beta search

*/

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

#define MAX_SEARCH_DEPTH 3
#define MAP_WIDTH 3
#define MAX_PLAYERS 2

float doABSearch (int *, int, int);
int doResult (int *);

void doOccupy(int);

void mapDump(int *map);

int nowPlay;
int People[MAX PLAYERS];

int mainMap[MAP_WIDTH*MAP _WIDTH] = {0};
char icon[] ={" ', 'O", 'X', "A", 'B", 'C'};

int main (void)
{
int Winner;
People[0] = 1;
srand(time(NULL));
nowPlay = (int)rand()%MAX_PLAYERS+1;
while( !(Winner=doResult(mainMap)) ) {
int x;
nowPlay++;
#1fdef DEBUG
printf("Turns on Player %d(", nowPlay%MAX_PLAYERS);
for(x=0; x<(MAP_WIDTH*MAP _WIDTH); x++) {
printf("%d", mainMap[x]);

}
printf(")\n");
#endif
doOccupy (nowPlay%MAX_PLAYERS) ;
}
mapDump(mainMap) ;
printf("Player: %d won.\n", Winner);
return O;
}

IifiF 45/73



void doOccupy(int player)
{
int x, candidate[MAP_WIDTH*MAP WIDTH], canMax=0, realCan;
float toChoose[MAP_WIDTH*MAP WIDTH], max;
1f( !'People[player] ) {
for(x=0; x<(MAP_WIDTH*MAP_WIDTH); x++) {
1f( 'mainMap[x] ) {

toChoose[x] = doABSearch(mainMap, MAX_ SEARCH DEPTH,
player);
}
else {
toChoose[x] = -2;
}

}
#1fdef DEBUG

printf("toChoose dump:");
for(x=0; x<(MAP_WIDTH*MAP_WIDTH); x++) {
printf(" %f", toChoose[x]);
}
printf("\n");
#endif
for(max=-10, x=0; x<(MAP_WIDTH*MAP_WIDTH):; x++) {
1f( toChoose[x] > max )
max = toChoose[x];

}
for(x=0; x<(MAP_WIDTH*MAP_WIDTH); x++) {
1f( toChoose[x] == max )
{
candidate[canMax++] = x;
}
}

#1fdef DEBUG
printf("Candidates:");
for(x=0; x<canMax; Xx++)
printf("%d", candidate[x]);
printf("\n");
#endif
realCan = rand()%canMax;
mainMap[candidate[realCan]] = player+l;
mapDump(mainMap) ;
}
else {
int position;
while(1l) {
mapDump(mainMap) ;
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printf("Please enter what position would you like: ");
scanf("%d", &position);
1f( position < O |l position > MAP_WIDTH*MAP WIDTH ||
mainMap[position] ) {
printf("Wrong Position!! Agian...\n");

}

else {
mainMap[position] = player+!;
break;

}

}

float doABSearch (int *map, int depth, int flag)
{

int x, y, cntX, count;

float ttlChance;

float chanceWin[MAP_WIDTH*MAP_WIDTH];

/] Init
1f( depth <= 0 ) {
return O;

}

/] Debug
#1fdef DEBUG
printf("p%d dep%d (", flag, depth);
for(x=0; x<(MAP_WIDTH*MAP_WIDTH); x++) {
printf("%d", map[x]);
}
printf(")\n");
#endif
/1 End of Debug

for(entX=0, x=0; x<(MAP_WIDTH*MAP _WIDTH); x++) {
chanceWin[x] = 0;
1f( 'map[x] ) {
cntX++;
}
}

1f( (x=doResult(map)) ) {
1f( x = flag )
return cntX*(cntX-1);
else 1f( x == MAX_PLAYERS+1 )
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return O;
else
return -1*cntX*(cntX-1);

}

1f( cntX < MAX_PLAYERS ) {
#1fdef DEBUG
print f("xxxxxxxxxxxxxxxxxxxx HERE XxXxXxXxXxxxxxxxxxxxxx\n");
#endif
/1 ?Tﬁﬁﬁﬁﬁ9 for 2 players
return 0;

}
// end of Init

/] Search
for(x=0; x<(MAP_WIDTH*MAP_WIDTH); x++) {
if( !map[x] ) {
map[x] = flag;
for(y=0; y<(MAP_WIDTH*MAP _WIDTH):; y++) {
if( map[y] )

continue;
1f( flag=1)
map[y] = 2;
else
map[y] = 1;
chanceWin[x] += doABSearch(map, depth-1, flag);
map[y] = 0;
}
map[x] = 0;

}

}
// end of Search

/1 Return
for(ttlChance=0, x=0; x<(MAP_WIDTH*MAP_WIDTH); x++) {
1f( chanceWin[x] > ttlChance ) {
tt1Chance += chanceWin[x];
}
}
tt1Chance = ttlChance/(cntX*(cntX-1));
return ttlChance;
/1 end of Return

}

// Return value List:
/] 0: Not finished
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// 1: Player 1 won
// 2: Player 2 won

// 3: Equal
int doResult (int *map)
{

int x, y, first, count, win;
win = 0;

for(count=0, x=0; x<(MAP_WIDTH*MAP_WIDTH); x++)
1f( map[x] = 0 )

count++;
/11000
/10100
/10010
/10001
1f( 'win ) {
#1fdef DEBUG
/1l printf("\\");
#endif
for(first=map[0], x=0; x<MAP_WIDTH ; x++) {
1f( map[x*MAP_WIDTH+x] == first ) {
win = first;
}
else {
win = 0;
break;
}
}
#1fdef DEBUG
1f( win )
printf("(%d Win)", win+l);
#endif
}
/10001
/10010
/10100
/11000
1f( 'win ) {
#1fdef DEBUG
/] printf("/");
#endif

for(first=map[MAP_WIDTH-1], x=0; x<MAP_WIDTH; x++) {
1f( map[ (x+1)*(MAP_WIDTH-1)] == first ) {
win = first;

}
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else {
win = 0;
break;

}
#1fdef DEBUG

1f( win )
printf("(%d Win)", win+l);
#end1f

1f( 'win
#1fdef DEBUG
/] printf("-");
#endif
for(x=0; x<MAP WIDTH && !win; x++) {
for(first=map[x*MAP_WIDTH], y=0; y<MAP_WIDTH; y++) {
1f( map[x*MAP_WIDTH+y] == first ) {
win = first;
}
else {
win = 0;
break;

}
#1fdef DEBUG

1f( win )
printf("(%d Win)", win+l);
#end1f

—_ —

1f( 'win
#1fdef DEBUG
/] printf("I");
#endif
for(x=0; x<MAP WIDTH && !win; x++) {
for(first=map[x], y=1; y<MAP_WIDTH; y++) {
1f( map[x+y*MAP_WIDTH] == first ) {
win = first;
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else {
win = 0;
break;
}
}
}
#1fdef DEBUG
1f( win )
printf("(%d Win)", win+l);
#endif
}

#ifdef DEBUG
printf("\n");

#endif
1f( win )
return win;
/] Equal
else 1f( count = 0 ) {
return 3;
}
/1 Not finished.
else {
return O;
}
}
void mapDump(int *map)
{
int x, y;
printf("<------mcmmmmmi - >\n");
for(x=0; x<MAP WIDTH; x++) {
for(y=0; y<MAP WIDTH-1; y++) {
printf("%cl", 1con[map[y+x*MAP_WIDTH]]);
}
printf("%c\n", 1con[map[y+x*MAP_WIDTH]]);
1f( x < MAP_WIDTH-1 ) {
for(y=0; y<MAP_WIDTH-1; y++) {
printf("-+");
}
printf("-\n");
}
}
printf("<---------mmamiao >\n");
}
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/* GPTicTacToe
created by Wei-Chiu Chuang

=S LEY
J

/111l config.h
#include <stdio.h>
#include <pvm3.h>

#define USED 1
#define UNUSED 2
#define POPULATION 5

#define POPPICKUP 2
#define MAXLENGTH 100

#define MAXLOOP 100

#define FUNC_NONE 0
#define FUNC_IF

#define FUNC_ELSE

#define FUNC_ENDIF
#define FUNC_WHILE
#define FUNC_OCCUPY
#define FUNC_IS_VACANCY
#define FUNC_IS_OCCUPY
#define FUNC_IS_FINISHED

CO 3 O L A~ Lo —

struct _DATA {
int func_type;
int parameter[2];

1

struct _PROG {
/] save these "product program" details

int pLength;

int pStatus; // USED represent used, UNUSED represent unused
I

/////Gpmonitor.cpp
#include <kapplication.h>

#include "my.h"
/****************

 SFRAE LS I P B PO, TS
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* child fiel 7, 72E* v function Eﬁﬁﬁi%%ﬁlnonitor program
VL, THAHBEEITpIREGE T HPE function)

int GPmonitoring(int,char **);

int main(int argc,char **argv){
KApplication app(argc,argv, "GPPVMmonitor" );
myKmonitor *my = new myKmonitor();
my->show();
app.exec();
GPmonitoring(argc,argv);

//pvm_lvgroup( argv[1l] );

}

int GPmonitoring(int argc,char **argv ){
/] join group

//l1/Gpslave.cpp
#include "config.h"
#include <unistd.h>

#define ROUND_TIMES 100

extern int MAP[9];

extern int do_1f( struct _DATA *);

extern int do_else( struct _DATA * );
extern int do_endif( struct _DATA *);
extern int do_while( struct _DATA *);
extern int do_occupy( struct _DATA *);
extern int do_is_vacancy( struct _DATA *);
extern int do_is_occupy( struct _DATA *);
extern int do_is_finished( struct _DATA *);

extern int mypvmgid,mypvmtid,mtid;

extern struct _PROG progdata[POPULATION];

extern struct _DATA prog[POPULATION][MAXLENGTH];
int tellcount=0;

int TELL( char *);

int GPsend_statement(int);
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int GPcompete_init();
int GPcompete_start();
int GPcombat();
int GPscore();

int GPslave(){

char pvmgroupname([32];

int seqtmp[MAXLENGTH*3],datalength;

int 1;

int perf=0;
TELL( "GPslave()" );
pvm_recv( pvm_parent(), 1 );
pvm_upkstr( pvmgroupname );
TELL( "upk group name" );
mypvmgid = pvm_joingroup( pvmgroupname );

/'l recv from GPjudgee
/] get data length
pvm_recv( pvm_parent(), 2 );
pvm_upkint( &datalength,1,1);
TELL( "upk data length" );
/] get monitor's tid
pvm_recv( pvm_parent(), 3 );
pvm_upkint( &mtid , 1, 1);
TELL( "upk monitor tid " );

/] get data , $length size long
pvm_recv( pvm_parent(), 4 );
pvm_upkint(seqtmp , datalength ,1 );
TELL( "upk data" );

char slength[32];
sprintf(slength, "Data size->%d", datalength );
TELL( slength );
TELL( "OK!" );
progdata[O].pLength = datalength/3;
progdata[0].pStatus = USED;
for(1=0;1<datalength;1+=3){
prog[0][1/3 ].func_type =seqtmp[i ];
prog[0][1/3 ].parameter[O]=seqtmp[i+1];
prog[0][1/3 ].parameter[1]=seqtmp[i+2];

GPsend_statement( seqtmp[i] );

}

/*******

* icoding [UFETT

ORI, SRR AL B
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£ STHBERI K % hH)
* Vmem ;%@r%?{gf@ 9
ES *****/
for(1=0;1<ROUND_TIMES; 1++){
GPcompete_1nit();
perf 4= GPcompete_start();
}

/*******

SR PR

¥ E[pIETER

o v

* *****/
pvm_initsend(PvmDataDefault);
pvm_pkint (&mypvmgid,1,1);
pvm_pkint(&perf, 1,1);
pvm_send( pvm_parent(), 200 );

pvm_lvgroup( pvmgroupname );
pvm_exit();

return 0;
}
int GPcombat(){
// use common Al algorithm to play
// 1 can't spend time writing Al program statement, SO
// write ugly but instant one 1instead.
1f( MAP[4] == 0 ){

MAP[4] = 2;
return 1;
}
1f( MAP[O] == 0 ){
MAP[O] = 2;
/1l return 1;
}
1f( MAP[2] == 0 ){
MAP[2] = 2;
/1l return 1;
}
1f( MAP[6] == 0 ){
MAP[6] = 2,
/1l return 1;
}
1f( MAP[&] == 0 ){
MAP[8] = 2;
/] return 1;
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}
1f( MAP[1] == 0 ){

MAP[1] = 2;
/] return 1;
}
1f( MAP[3] = 0 ){
MAP[3] = 2;
/1l return 1;
}
1f( MAP[5] = 0 ){
MAP[5] = 2;
/! return 1;
}
1f( MAP[7] = 0 ){
MAP[7] = 2;
/1! return 1;
}
return 0;

}

int GPcompete_init(){

int 1;
//TELL( "GPcompete_init()");
for(i=0;1<9;i++) MAP[i] = O;

return O;
}
int GPcompete_start(){
int pos=0;

//TELL( "GPcompete_start()");
//#1fdef LALALA
char aaa[32];
/1l sprintf(aaa, "pLength=%d", progdata[O].pLength);
/1l TELL(aaa);
while(pos < progdata[O].pLength ){
switch ( prog[O][pos].func_type ){
case ( FUNC_IF ):
/1l TELL("-->do_1f()");
int tmp;
tmp = do_1f( &prog[O][pos] );
1f( tmp >0 ){ // true
/* Go to next statement */
DPOS++;
Jelsef
/* Find tag 'ENDIF' */
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while( (prog[O][pos].func_type != FUNC_ELSE &&
prog[0][pos].func_type !'= FUNC_ENDIF) && pos < progdata[O].pLength )

DPOS++;
}
break;
case ( FUNC_ELSE ):
// TELL("-->do_else()");
/¥ Only a tag {Efl- [FHEIEE */
DPOS++;
break;
case ( FUNC_ENDIF ):
/] TELL("-->do_endif()");
/% Only a tag [Ehl- {EfEa */
pOS++;
break;
case ( FUNC_WHILE ):
// TELL("-->do_while()");
DPOS++;
break;

case ( FUNC_OCCUPY ):
TELL("-->do_occupy()");

do_occupy( &prog[O][pos] );
/* Sk sk sk sk sk skoskoskoskosko sk sk skoskeoske sk sk skskoskesk sk

ORI 'j@%éf e UL PR 'J'iﬁ— W
“(UIERL R R ORI - 5 )
*OETIEIE S AT SR N e 'I#n&?]}l‘—’jﬂﬁjﬂ@%@
IRl PR
ES *********************/
1f( GPcombat() == 1 Il GPcombat() = 2 ){
/1 GP win or Al win
goto outter;
}
DPOS++;
break;
case ( FUNC_IS_VACANCY ):

/1l TELL("-->do_1is_vacancy()");
//do_1is_vacancy ( prog[O][pos] );
pOS++;
break;

case ( FUNC_IS_OCCUPY ):

/1l TELL("-->do_is_occupy()");
//do_is_occupy ( prog[O][pos] );
DPOS++;
break;

case ( FUNC_IS_FINISHED ):
//do_1s_finished( prog[O][pos] );
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// TELL("-->do_1s_finished()");
1f( do_1s_finished( &prog[O][pos]) ) goto outter;

/>{<
©REL AL e 2
ES */
DOS++;
break;
default:
TELL("ERROR!!'!");
sleep(1);
break;
}
}
//#end1f
usleep( 500 );
return 0;
outter:
usleep( 500 );
return GPscore();
}
int GPscore(){
11( (MAP[O] == MAP[1] && MAP[1] == MAP[2] && MAP[O] = 1) ||
(MAP[3] == [4] && MAP[4] == [5] && MAP[3] = 1) II
(MAP[6] == [7] && MAP[7] == [8] && MAP[6] = 1) ||
(MAP[O] == [3] && MAP[3] == [6] && MAP[6] = 1) ||
(MAP[1] == [4] && MAP[4] == [7] && MAP[7] = 1) ||
(MAP[2] == MAP[5] && MAP[5] == MAP[8] && MAP[&] = 1) ||
(MAP[O] == [4] && MAP[4] = [8] && MAP[O] = 1) I
(MAP[2] == [4] && MAP[4] == [6] && MAP[2] == 1) ){
return 10;
}
else 1f( (MAP[O] == [1] && MAP[1] == [2] && MAP[O] = 2) ||
(MAP[3] == (4] && MAP[4] = [5] && MAP[3] = 2) ||
(MAP[6] == [7] && MAP[7] = [8] && MAP[6] = 2) ||
(MAP[O] == [3] && MAP[3] == [6] && MAP[6] = 2) ||
(MAP[1] == [4] && MAP[4] == [7] && MAP[7] = 2) ||
(MAP[2] == [5] && MAP[5] == MAP[8] && MAP[8&] = 2) ||
(MAP[O] == [4] && MAP[4] == MAP[8] && MAP[O] = 2) ||
(MAP[2] = [4] && MAP[4] == [6] && MAP[2] == 2) )
return -10;
}
else{
return 0;
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}
int GPcompete(){

return 0;
}
int GPsend_statement( int s ){
char slength[64];
switch (s ){
case( FUNC_IF ):
TELL( "IE" );
break;
case( FUNC_ELSE ):
TELL( "ELSE" );
break;
case( FUNC_ENDIF ):
TELL( "ENDIEF" );
break;
case( FUNC_WHILE ):
TELL( "WHILE" );
break;
case( FUNC_OCCUPY ):
TELL( "OCCUPY" );
break;
case( FUNC_IS_VACANCY ):
TELL( "IS_VACANCY" );
break;
case( FUNC_IS_OCCUPY ):
TELL( "IS_OCCUPY" );
break;
case( FUNC_IS_FINISHED ):
TELL( "IS_FINISHED" );
break;
default:
TELL( "ERROR!!'" );
sprintf(slength, "1d=>%d",s);
TELL( slength );
break;
}

return 0;

}

int TELL( char *string ){
char tmp[64];
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++tellcount;

sprintf(tmp, "[%d].%s",tellcount,string);
pvm_initsend( PvmDataDefault );

pvm_pkint ( &mypvmgid ,1,1);

pvm_pkstr( tmp );

pvm_send( mtid , 100);

return 0;

}

/////main.cpp

#include "config.h"

#include <sys/time.h>

#include <time.h>

#include <stdlib.h>

#include <unistd.h>

#include <stdio.h>

int MAP[9];

struct _PROG progdata[POPULATION], selecteddata[POPPICKUP];
struct _DATA prog[POPULATION][MAXLENGTH], selectedprog[POPPICKUP][MAXLENGTH];
int rank[POPULATION];

struct _JUDGEPERF{
int 1;
int perf;
1
struct _JUDGEPERF judge_perf[POPULATION];

/* sk sk st sk skeoske sk skeoske sk skt sk sk skoskoskoskoskoskoskosk

*

* among 20 1nstances, the best 4 instances are permitted creating

* new offsprings(each produce 5)

* --> 1. copy these 1nstances to temporialy memory

* 2. clean the memory occupied before.

* 3. mutate & crossover these 4 instances, and then copy to the tree mem.
* . whereas the others are abandoned.

S

%

Heswcksksckoksckokekckolookokookokeokkek K

extern int GPslave();

int GPinit();

int GPgenerate( 1nt,int);
int GPselect(int );

int GPabandon(int, int );
int GPcrossover( );
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int GPmutate();

int GPcopy();

int GPfinished();

int GPjudge();

int GPbenchmark();

int GPcheck();

int GPassign(int,int,int);

int GPgsortcmp( const void *, const void *);

extern int do_1f();

extern int do_else();

extern int do_endif();
extern int do_while();
extern int do_occupy();
extern int do_is_vacancy();
extern int do_is_occupy();
extern int do_is_finished();

extern int TELL( char *);
int mypvmtid,mypvmgid;

char pvmgroupname([32];
int mtid;
int count=0;

int main( int argc, char *argv[] ){
int 1;

int judge_result;

struct timeval nowtime;

struct timezone tz;

printf("Enter GP Tic-Tac-Toe\n");

mypvmt1d = pvm_mytid();

printf("Load PVM\n");

srand( time( NULL ) );

1f( pvm_parent() == PvmNoParent ){
tz.tz_dsttime = 0; tz.tz_minuteswest = 1;
gettimeofday( &nowtime, &tz );
sprintf( pvmgroupname, "GPTTT%d", (int)nowtime.tv_sec );
printf("Join group ( %s )no. %d \n",pvmgroupname,mypvmgid);
mypvmgid = pvm_joingroup( pvmgroupname );

printf("Start monitoring program\n");

pvm_spawn( "/home/jojochuang/SF/GPT1icTacToe/monitor",(char **)NULL,
PvmTaskDefault, (char *)NULL, 1, &mtid );
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pvm_initsend( PvmDataDefault );
pvm_pkstr( pvmgroupname );
pvm_send( mtid, 1 );
printf("Wait for monitor to activate\n");
sleep(3);
printf("initialize GP..\n");
GPinit();
for(1=0;1<POPULATION; 1++)
GPgenerate( 0 ,1);
while( GPfinished() == 0 ){
printf("loop (%d)\n", count );
judge_result = GPjudge();
1f( judge_result < 0 ){// didn't find best solution
GPbenchmark(); // get,sort program performance;
/** should be ignore.. */
GPselect( POPPICKUP );// preserve
/** ignore above!! */
GPabandon( POPULATION, POPPICKUP);//remove,clean,kill)
GPcrossover();// crossover, and also copy to child
GPmutate(); // modify produced child
GPcopy(); /] directly copy parents to child
}// continue....
else{
// judge >=0 means got 1t
printf("Find answer...\n");
break;

}
}
pvm_lvgroup(pvmgroupname);
printf("Leave group..\n");
lelse{
//TELL("I'm slave");
GPslave();

}
}
int GPcopy(){
int 1,j,parent;
printf("Entering GPcopy()\n");

for(1=0; 1<POPULATION; 1++){
1f( progdatal[i].pStatus == UNUSED ){
parent = (int) ( (POPPICKUP-1)*rand()/(RAND_MAX+1.0));
progdatal[1].pStatus = USED;
progdatal[1].pLength = selecteddata[parent].pLength;

printf("[HEH]1E% Z%d\n" ,parent,i);
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}

for( j=0;j< selecteddata[parent].plLength;j++){
prog[1][j].parameter[0] =
selectedprog[parent][j].parameter[0];

prog[1][]

prog[1][j].func_type
}

}

return 0;

int GPinit(){
int 1,j;

}

printf("Entering GPinit()\n");
for(1=0;1<9;1++)MAP[1] = O;
for(1=0; 1<POPULATION; 1++){
progdatal[1].pLength = 0;
for(j=0;j<MAXLENGTH; j++){
prog[1][j].func_type=-1;

}
}
for(1=0;1<POPPICKUP; 1++){
selecteddatal1].pLength = 0;
for(j=0;j<MAXLENGTH;j++){
prog[1][J].func_type=-1;
}

}
for(1=0;1<POPULATION; 1++)rank[1] = O;

return 0;

int GPfinished(){

/] verify 1f 1t 1s finished
/*1f ( GPcheck() ) return 1;
int 1,tmp;

for(1=0;1<9;1++)1f( MAP[1] !'= O )tmp++;
1f( tmp = 9 )return 1;// all vacancy are occupied

].parameter[1l] =
selectedprog[parent][j].parameter[1];

selectedprog[parent][j]. func_type;

return 0;// nothing happened, then, send O instead.

*/
1f( count++ > MAXLOOP ){

printf(”imfgéﬁﬁq%dfﬁ"FU%%\H”,MAXLOOP);

return 1;
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}

else return 0;

}

int GPgsortcmp(const void *a, const void *b){
struct _JUDGEPERF x = *(struct _JUDGEPERF *)a;
struct _JUDGEPERF y = *(struct _JUDGEPERF *)b;
return x.perf - y.perf;

}
int GPbenchmark(){

int 1,j;
/] sort performance
printf("Entering GPbenchmark\n");
gsort( judge_perf  ,POPULATION, sizeof(int)*2 ,GPgsortcmp );
printf("H 53 [FHEEPRIEES - \n");
printf("------cemmmeeeeao \n");
for(1=0; 1<POPPICKUP; i++){
printf("2%%d € ( %d )H% 53
\n",1,judge perf[1].1,judge_perf[i].perf);
}
printf("-------c-ccmmmmeao \n");
printf("¥E%d [FZ] selected[]\n",POPPICKUP);
for(1=0; 1<POPPICKUP; 1++){
selecteddatal1].plength = progdatal judge perf[1].1 ].pLength;
selecteddatal1].pStatus = USED;
for(j=0;j< selecteddata[1].pLength;j++){
selectedprog[1][j].func_type =
prog[ judge_perf[i].1 ][J].func_type;
selectedprog[1][j].parameter[0]
prog[ judge_perf[1].1 ][j].parameter[O];
selectedprog[1][j].parameter[1]
prog[ judge perf[1].1 ][j].parameter[1];

}
}
return 0;
}
#define INITLENGTH 5

[ sk sk skl kol kskokoskotok ok ok ok

* generate INITLENGTH statement
ES

*************************/
int GPgenerate( 1nt s,int 1nstance){
int 1,j,tmp;
printf("Entering GPgenerate()\n");
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//for(1=0; 1<POPULATION;1++){

progdatalinstance].pLength= INITLENGTH;

for( j=0; <INITLENGTH; ++){
tmp = 14+(1int) (8.0*rand()/(RAND MAX+1.0)); // randomly produce

statement

prog[instance][j].func_type = tmp;
[lprintf("-->%d\n", prog[instance][]].func_type );
GPassign( 1instance,j,tmp );

11}

return 0;
}
int GPassign( int 1,int j, int function_type){
int tmp;
switch ( function_type ){
case FUNC_IF:
tmp =(1nt) (2.0*rand()/(RAND_MAX+1.0));
prog[1][Jj].parameter[0] = tmp;
switch( tmp ){
case O:
prog[1][j].parameter[1] =(1int)
(9.0*rand()/(RAND_MAX+1.0));

break;
case 1:
prog[1][j].parameter[1] =(1int)
(9.0*rand()/(RAND_MAX+1.0));
break;
case 2:
break;
}
break;
case FUNC_ELSE:
break;
case FUNC_ENDIF:
break;
case FUNC_WHILE:
break;
case FUNC_OCCUPY:
tmp =(int) (9.0*rand()/(RAND_MAX+1.0));
prog[1][j].parameter[0]= tmp;
break;
case FUNC_IS_VACANCY:
break;
case FUNC_IS_OCCUPY:
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break;
case FUNC_IS_FINISHED:
break;

}

int GPselect( 1nt total){
/1l printf("Entering GPselect()\n");
return 0;

}

int GPabandon( int population, int remain){
int 1,j;
printf("Entering GPabandon()\n");
for(1=0; 1<POPPICKUP; 1++){

}
for (1=POPPICKUP; i<POPULATION; i++){
printf("VERE% e¥E\n", judge_perf[i].1 );
progdatal /*rank[1]*/ judge perf[1].1 ].pStatus = UNUSED;
progdatal /*rank[1]*/ judge_perf[1].1 ].pLength = 0;
for(j=0;j<MAXLENGTH;j++)
prog[ /*rank[1]*/judge_perf[i].1 ][j].func_type = FUNC_NONE;
}
return O;
}
int GPcrossover( ){ /###xkssix  [NFINISHED %%k wkx% /
int 1;
int mom,dad;
int posl,pos2;// from where we crossover them
struct _DATA tempdata[MAXLENGTH];
printf("Entering GPcrossover()\n");
mom=(1int) (4.0*rand()/(RAND_MAX+1.0));
dad=(int) (4.0*rand()/(RAND_MAX+1.0));

posl = (int) ((float)(selecteddata[mom].pLength-1)
*rand()/(RAND MAX+1.0));
pos2 = (int) ((float)(selecteddata[dad].pLength-1)
*rand()/(RAND_MAX+1.0));
for(i1=posl;i<selecteddata[mom].pLength;i++)
tempdata[1-posl].func_type = selectedprog[mom][1i].func_type;

printf("[LfE](FFEA)\n");
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return 0;
}
int 1,j;
int who;
int pos;
int total to _mutate;
int become;
int total unused=0;
int unused[POPULATION];
struct _DATA child;
printf("Entering GPmutate()\n");
/'l decide how many child we want to born&mutate
for( 1=0;1< POPULATION; 1++)
1f( progdata[i].pStatus == UNUSED ){
unused[ total_unused] = 1;
total_unused++;
}
total_to_mutate = (int)( (float)total_unused*rand()/(RAND_MAX+1.0));
for(1=0;i<total_to_mutate;i++){
who = (int) (4.0*rand()/(RAND_MAX+1.0));
pos = (int) ((float)( selecteddata[who].pLength-
1 )*rand()/(RAND_MAX+1.0));
become = 1+(1nt) ( 8.0 *rand()/(RAND MAX+1.0));
for(j=0;j< selecteddata[who].pLength; j++){
prog[ unused[1] ][ j ].func_type =
selectedprog[who][j].func_type;
prog|[ unused[1
selectedprog[who][j].parameter[0
[1
[1

1l j 1.parameter[0]

prog[ unused
selectedprog[who][j].parameter
}
prog[ unused[1] ][ pos ].func_type = become;
GPassign( unused[1], pos, become );
print f("[fEFHE ] (Ewho=%d Z[%d, pos=ld,
become=%d\n" ,who,unused[1],pos,become);

}

return 0;

11 j ].parameter[1]

]
1;
]
]

9

}

int GPjudge(){

/] play & judge
/] how to do 1t? Use PWM, distribute these statement, execute them
// on the spawned processes.

int 1,j,tmplength,nperf;

int tids[POPULATION];
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printf("Entering Judge stage. Spawn process\n");
/1] spawn. .

pvm_spawn( "/home/jojochuang/SF/GPTicTacToe/tttoe", (char **)NULL,

PvmTaskDefault,(char *)NULL, POPULATION, tids );
printf("end spawn\n");
pvm_initsend( PvmDataDefault );
pvm_pkstr( pvmgroupname );

for(1=0;1<POPULATION; 1++)pvm_send( tids[1], 1 );

int seqtmp[ MAXLENGTH*3];
for(1=0; 1<POPULATION; 1++){

tmplength =progdatal[1].pLength*3;
pvm_initsend(PvmDataDefault);
pvm_pkint(&tmplength, 1,1);
pvm_send( tids[1], 2 );
/] save the data to a continuous temporaily place
for( j=0;j< progdatal[i].pLength ; j++){
seqtmp[ j*3 ] = prog[1][J].func_type;
seqtmp[]*3+1] = prog[1][j].parameter[0];
seqtmp[]*3+2] = prog[1][j].parameter[1];

}
pvm_initsend(PvmDataDefault);

pvm_pkint( &mtid, 1,1 );
pvm_send( tids[1], 3 );

pvm_initsend(PvmDataDefault);

pvm_pkint( seqtmp, progdata[i].pLength*3, 1 );
pvm_send( tids[i], 4 );

printf("send to child %d\n",1);

}
/* F:H |:|—~J fﬁ E'?’*‘W_‘Eh R iﬁ}%:
* slave;iiﬁf@ HEEY
* e T BR8P
* %i}g’@#lﬁc —;‘r7J
* K5I BESAG GPiudge ()
ES */

pr1ntf(”%fﬁﬁéﬁ%4£§&ﬂ\n”);
for(1=0; 1<POPULATION; 1++){

pvm_recv( -1, 200 );

pvm_upkint( &nperf , 1, 1);

pvm_upkint( &judge_perf[ nperf -1 ]J.perf, 1, 1);
judge_perf[nperf-1].1 = nperf-1;

printf("USE[FEI%d > H53%d\n", nperf, judge_perf[ nperf-1 ].perf
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printf("exit GPjudge\n");
return -1;

int GPcheck(){
1f( MAP[O] == MAP[1] && MAP[1]
return 1;

MAP[ 3] MAP[4] && MAP[4]
return 2;

MAP[6] MAP[7] && MAP[7]
return 3;

11( =

1f( =

1f( MAP[O] == MAP[3] && MAP[3]
return 4;

MAP[1] MAP[4] && MAP[4]
return 5;

MAP[2] == MAP[5] && MAP[5]

return 6;

1f( =

11(

1f( MAP[O] == MAP[4] && MAP[4]
return 7;

MAP[2] == MAP[4] && MAP[4]
return &;
return O;

}

/l///vfunctions.cpp

#include "config.h"

11(

#define TYPE_BOOLEAN 1
#define TYPE_INT 2
#define TYPE_VOID 3

extern int MAP[9];

extern int GPcheck();
extern int TELL( char * );
extern int GPcombat();

do_1f(struct _DATA *);
do_else(struct _DATA *);
do_endif(struct _DATA *);
do_while(struct _DATA *);
do_occupy(struct _DATA *);

int
int
int
int
int
int

— MAP[8] & MAP[0] '=

— MAP[6] & MAP[2] !=

do_1s_vacancy(struct _DATA *);
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int do_1s_occupy(struct _DATA *); //done...
int do_1s_finished(struct _DATA *);

/* Sk sk sk sk sk sieosteosieosiotkokoskosk sk skostotoiokokokokoskoskoskoeikoioroskokek */

int do_1f( struct _DATA *data){
[ HEECH AL (5P AR YRS ] function)?? S><<T el
/] parameter[0] RLE[fE
/]l --->0 indicates do_is_vacancy()
/]l --->1 indicates do_is_occupy()
/] --->72 indicates do_is_finished();??
/1l parameter[l]‘igﬁjf{
[l ---> EjiE"] % do_is_occupy()
/] ---> Ek%iﬂﬂﬂﬁE%ﬁﬁ?$fﬁ%%’f
switch ( data->parameter[0] ){
case 0:
return do_is_vacancy( data );
break;
case 1:
return do_1s_occupy(data);
break;

case 2:

return do_1s_finished(data);
break;
}

return O;

}

int do_else( struct _DATA *data){

% SFBALTEE
return 0;

}

int do_endif( struct _DATA *data){

¢ SRR
return 0;

}

[ ksskskcksdckokckokokskokskokck kockokcklockokoksoksoksk Sk

int do_occupy( struct _DATA *data){
/] return 0: ok
/] return 1: already occupied by playerl
/] return 2: already occupied by player?
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/] data->parameter[0] 1s the position

1f( do_1s_occupy(data) ==0 ){
/] the generated program 1s player 1
MAP[data->parameter[1l]] = 1;

}

return 0;

}

int do_1s_vacancy( struct _DATA *data){
1f( MAP[data->parameter[1] ]==0 )
return 1;
else
return 0;
//return MAP[data->parameter[0]];

}

[ skssksckskckoskckokokckokck ok kckokocklokokoksoksoksk Sk

int do_1s_occupy( struct _DATA *data){
/] return 0: not occupied.
/] 1: occupied by playerl
/1 2: occupied by player?
/] data->parameter[0] 1s the position
return MAP[data->parameter[1]];

}

int do_1s_finished( struct _DATA *data){
/*1f( GPcheck() > 0 )
return 1;
return O;
*/
int 1,count=0;
for(1=0;1<9;1++)1f( MAP[1] !'= 0 ) count++;

1f( count == 9 ) return 1;
return 0;

}

////my.h

#include<kmainwindow.h>
#include<keditcl.h>
#include<gstring.h>
#include<gtextstream.h>
#include<gpushbutton.h>

#include "config.h"

class myKmonitor:public KMainWindow
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{
Q_OBJECT

public:
myKmonitor( QWidget *parent=0, const char *name=0 );
~myKmonitor();

public slots:
void dstart();

private:
void showEvent ( QShowEvent * );
void timerEvent( QTimerEvent *);
int init();
KEdit *logedit[POPULATION];
char *pvmgroupname;

1

/11l my.cpp
#include"my.h"
//#include "config.h"

myKmonitor: :myKmonitor( QWidget *parent, const char *name )
:KMainWindow(parent, name )

{
mnit();

}

myKmonitor: :~myKmonitor(){
int 1;
for(1=0;1<POPULATION; 1++)
delete logedit[i];

pvm_lvgroup( pvmgroupname );
pvm_exit();
}
int myKmonitor::init(){
int 1;
this->resize( 1000,400);
for(1=0; 1<POPULATION; 1++){
logedit[1] = new KEdit( this );
logedit[1]->move(200*(1%5) ,100%(C 1 - 1%5 )/5);
logedit[1]->resi1ze(200,400);
}
pvmgroupname = new char[32];
/*gbutton = new QPushButton( this);
gbutton->setText( "Test" );
gbutton->setGeometry( 0,0,20,20 );
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connect( gbutton, SIGNAL( clicked() ), this, SLOT( dstart() ) );
*/
return 1;

}

void myKmonitor::showEvent( QShowEvent *e ){

//char pvmgroupname[32];

int tmp;

int mytid,mygid;

(OWidget::showEvent(e);
mytid = pvm_mytid();
//mygid = pvm_joingroup(argv[l] );
pvm_recv( pvm_parent() , -1 );
pvm_upkint( &tmp, 1, 1);
sprintf( pvmgroupname, "GPTTT%d", tmp );
pvm_joingroup( pvmgroupname );
startTimer( 100 );
}
void myKmonitor::timerEvent(QTimerEvent *e){
int bufid,msgtag=100;
int pvmwhere;
char pvmfunction[32];
char templog[40];
OWidget::timerEvent(e);
while(1){
bufid = pvm_nrecv( -1, msgtag );
1f( bufid == 0 ) break;
pvm_upkint( &pvmwhere, 1, 1);
pvm_upkstr( pvmfunction );

sprintf(templog, "%s\n",pvmfunction );

OString x = templog;
QTextStream y( &x, IO ReadWrite );

1f( pvmwhere >= 1 && pvmwhere <= 20 )
logedit[pvmwhere-1]->insertText( &y );

}
}
void myKmonitor::dstart( ){
/*
QString a = "sss";
QTextStream b( &a , I0 ReadWrite );
logedit->insertText( &b );
*/
}
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