


olle il

e o oo ouollel) da>, Guoll womiall sde oWl o 8Mally ¢uallall O, all 1oz
.|)£ESWM9WQQT;5\J£9QTJ|

93w 36, yigrnsSl Ao el anols @dlo] wes lpsiigi 9 meY wls auel (Sl i Sy V
wle oS bebo 1685 uey ail 3] > weo asuki g oVl @agl) lrsse ggogall
ode Byl a2 lab lpils 1> (58 aelll axoy o wsol G aiubi o oYl puSell
pis S pS) auogy Ol ol Sl 148 pSU 81 Lig 5 ,aizoy plsi 9 awlindl piyye2lV

ENPS|

lid (9 ade sniziow o sV CH+ axo,l @) olowlwl lale buss Ol la> S)9,a)l oo
ogw )| OpenGL auSell Jlasiw| Jg> duxdaw olS Ul 9 @9,20 (sJ] @3loYU LLSI




L Aoléo

Y Tic Tac Toe &=l axo
/12T minimax eu,s)VI
P PR minimax 2 pu,s)VI
7 TR negamax poi,gVI
24 e minimax alpha-beta puu,92)VI
27 e ———————————— negamax alpha-beta puu,92)VI

o u » W N




e w

A0 0
o b s Jio ,omeV ol olelVl sle asudi e minimax e eVl
09 i lpade pinyedVl Bk (Seu il Ll 048 ,085u¢ 5 Lol bl
F i >
yaubill el (89 Wio ,0a)l Seluy ‘GueMl 20l ggaze’ wIs LlVI .1
oV JS Usled]l @ls 08 g 1- 33l pwlzdl |1 asadl 33U 5ladl ol Lo sel 13
il Ssluwe eI 2ilis ggozo Ol 420 ,0 il

JS e saw JS W weV S ol ol Jaels olgles wls olelVl .2
Lo=slo 9,3V eV L pginw sl @&Sondl ©lS =]

alll o &>, Sl 8 Sou i 9 ,85ax0 g @9g,20 aclgd wls Ll Ll oS
aJWl &Sonll oIS, =)l @9,20

Vol paslw ,eliJ ,alpha-beta ¢ negamax S wluowss 8ac aJ minimax p g2Vl
Tic Tac Toe as ,pu,sdVl Lde sdniw il @uelll dxoyy e Luaizo i
Sy o9l le aell le ashi 9 paygell JS sl Wyl s o5 8,900l

.9,




e w

Tic Tac Toe au=) axo s .2

dase &seuws Sl ol Visual studio 2005 ghill i v ++ sauwdl @8 Josiuwiow
.OpenGlut éacliunll auSell go OpenGL Josivw ,wlwgw,l) 4uSoeS 9

I *.h wlalodl duwsl 9 OpenGlut 9 OpenGL auSoll o JS Juoxs 08 Ui
:JlauJ|

C:\Program Files\Microsoft Visual Studio 8\VC\include\GL
s =xoll (sJ] *.lib wlaloll g
C:\Program Files\Microsoft Visual Studio 8\VC\lib
C osd=oll poyall sle i gpriw Jlgall Ol (ol,31 sle lanb
plbidl Jzo (sJ] OpenGLUT.dIl walodl duuiy (s @uSoll cauis (8 6,5V dglazl
C:\WINDOWS
aslw Gweyd 9 39290 auSell i 9 WlewlwW ,5.alb o Jado gy

aJ| wol pi,TicTacToe powl €, 9 ua> g9 uio sbinl 8 9 gaiw Jlgmesll pudl
o JU i @) 98 VYl axo,uw o ,game.cpp ¢ game.h ,main.cpp ,wlale &\
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lodl zusdl all juwin pgsiw il CGame jwMSl a9 B,2iw game.h waloll
s sl el aud S| g game.h

#pragma once

#include <GL/openglut.h>
#include <math.h>
#include <iostream>

static enum {O, X, EMPTY};
static enum {OWIN, XWIN, DRAW, PLAYING};

#define PI 3.14159265




e w

class CGame
{
public:
int m clickedX;
int m clickedY;
int m turn;
private:
int m board[3][3];
int m state;
void resetGame (void) ;

void showMessage (float shiftRight, char *message);
void drawPiece (int piece, int row, int column);

void drawBoard (void) ;

int checkGameState (int forPlayer);
public:

CGame (void) ;

~CGame (void) ;

void play(void);
}:

<ulgi ... XWIN ,X,0 culgidl ga ,CGame wMSIl s Jud a4, o5 b Jgl |13
oo p8, eV ol dls JS) wsbass ol Jou Lplosiows @sle

-C)kgc\ULJathiJI)HSJJlﬁLu{)SQS Ao Lsiwsiow PI

.L>‘Luu) logio JS m clickedY , m clickedX ,ulueio &W lpy ,CGame oM
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oWl Hes Jioi sl @ouddl islow X ol O bl ,cuiond)l Sos| dslow m turn

0ol X g8 Ja ,Jl

bl gl ols welll @9ga.a0 (sd m board ddga.an|
> a=ll &l> ol PLAYING gl DRAW ,OWIN ,XWIN pudll o>l islow m state

:alls JS 595 vasl Joasdl 1is ,ayes @ls JS powl oo awoly el Jlgadl dusy
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resetGame
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ol Usleil gl el 3>l 308 ,auell &> o (é=ill | checkGameState
w2l dlolgo

eV JS &S,> <o 9 ome MWl o losVl 00 sl @ludl | play

9 CGame LwMSJl puwu> w2 g game.cpp walodb Lolzdl s¢Sdl &S | a Ul dglazl
radodl (sde sJUI 5ol ol Lpdlgs oy

#include "Game.h"

CGame: :CGame (void)

{

this->resetGame () ;

}

CGame: : ~CGame (void)
{
}

void CGame: :resetGame (void) {
this->m board[0] [0] this->m board[0] [1] = this->m boardl[0] [2]
this->m board[1][0] this->m board[1][1] this->m board[1][2]

this->m board[2] [0] = this->m board[2][1] = this->m board[2][2]
EMPTY;
this->m clickedX = -1;
this->m clickedY = -1;

this->m state = PLAYING;
this->m turn = X;

}

void CGame: :showMessage (float shiftRight, char *message)
{
glPushMatrix () ;
glColor3f(0, 1, 0);
glTranslatef (-shiftRight, 0, 0);
glScalef (0.003, 0.004, 0.004);
while (*message) {
glutStrokeCharacter (GLUT STROKE ROMAN, *message);
message++;
}
glPopMatrix () ;
}

void CGame: :drawBoard() {
glColordf (1, 1, 1, 1);
glBegin (GL QUADS)
glvVertex2f (-1.5, -1.5);glVertex2f(-1.5, 1.5);
glvVertex2f (1.5, 1.5);glVertex2f(1.5, -1.5);
glEnd () ;
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}

void CGame:

}

}
}

int CGame:

glColor4f (0, 0, 0, 0);
glLineWidth (2) ;
glBegin (GL_LINES) ;
glVertex2f (-0.5, 1.5)
glVertex2f (0.5, 1.5)
glVertex2f (-1.5, -0.5)
glVertex2f (-1.5, 0.5)
glEnd () ;
glLineWidth (5) ;
for(int 1 0;
for (int j

1< 3; i++)
0; 7 < 3;

this->drawPiece (this->m board]|

glLineWidth (2) ;

:drawPiece (int piece

f (piece == X) {

glColor4f (0, 0, 1, 1);
glBegin (GL LINES)
glvertex2f(-1.4 + column, 1.4
glvertex2f (-0.6 + column, 0.6
glvertex2f(-1.4 + column, 0.6
glvertex2f (-0.6 + column, 1.4
glEnd () ;

else if (piece == 0) {
glColor4f (1, 0, 0, 1);
glBegin (GL LINE STRIP);
for(int 1 = 0; i <= 20; i++)
glVertex2f (sin ((2*PI*i) /20)/3-

glEnd();

if ((this->m board[0] [0] =

(this->m board[1] [0]

forPlayer && this->m board[1l] [2]

(this->m board[2] [0]

forPlayer && this->m board[2] [2]

(this->m board[0] [0]

forPlayer && this->m board[2] [0]

(this->m board[0] [1]

forPlayer && this->m board[2][1]

(this->m board[0] [2]

forPlayer && this—>m_board[2][2]

(this->m board[0] [0]
forPlayer && this->m board[Z2
(this->m board[0] [2]
forPlayer && this->m board[Z2
if (forPlayer ==

;glVertex2f (
;glVertex2f (0.5,
;glvVertex2f (1.5,
;glVertex2f (1.5,

-0.5, -1.5);
-1.5);
-0.5);
0.5);

J4+)

’

102

110
)

return XWIN;

int row,

l+column, cos ((2*PI*1i

i, j);

i1 031,

int column) {

I
O
=

IR

~e

—_— — ~— ~—
~

I
O
=

~e

y/20) /3+1-row) ;

:checkGameState (int forPlayer) {
forPlayer && this->m board[0] [1]
forPlayer && this->m board[0] [2]

== forPlayer) ||

forPlayer && this->m board[1][1]
== forPlayer) ||

forPlayer && this->m board[2][1]
== forPlayer) ||

forPlayer && this->m board[1] [0]
== forPlayer) ||

forPlayer && this->m board[1][1]
== forPlayer) ||

forPlayer && this->m board[1l] [2]
== forPlayer) ||

forPlayer && this->m board[1][1]

] == forPlayer) ||

forPlayer && this->m board[1][1]
forPlayer)) {

] ==

{
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} else if (forPlayer == 0) {
return OWIN;

}
}
else {
for(int 1 = 0; i < 3; 1i++)
for(int j = 0; 3 < 3; Jj++4)
if (this->m board[i] []J] == EMPTY)
return PLAYING;

}
return DRAW;

}

void CGame: :play(void) {

if (this->m state == PLAYING) ({

if (this->m turn==0&&this->m clickedX!=-1&&this->m clickedY!= -1) {
if (this->m board[this->m clickedX] [this->m clickedY] == EMPTY) {
this->m board[this->m clickedX] [this->m clickedY] = O;

this->m turn = X;
this->m state = this->checkGameState (0O);
}
this->m clickedX = this->m clickedY = -1;
telse if (this->m clickedX != -1 && this->m clickedY != -1){
if (this->m board[this->m clickedX] [this->m clickedY] == EMPTY) {
this->m board[this->m clickedX] [this->m clickedY] = X;
this->m turn = O;
this->m state = this->checkGameState (X);
}
this->m clickedX = this->m clickedY = -1;
}
}
this->drawBoard() ;
if (this->m state == XWIN ) this->showMessage (2.3, "X won!");
if (this->m state == OWIN ) this->showMessage (2.3, "O won!");
else if(this->m state == DRAW ) this->showMessage (0.5, "Draw.");

}

eleasw| dic @w Bassiow b Jol ,play &lul g8 Gwyall 138 9 a>,i liogs o
g p @l Ol o (Bamiiow S| m state == PLAYING ¢d &lul 0is

9 @io ogleall 04 ,0 weMl ol X ceW W o0l o) Wy Ol 2y o
.resetGame Al o> X aslauVl aiond UgScow Sl g m turn jusioll

m clickedY gm clickedX (s\9 d39>g0Jl WlilasV Ui o0 o=l M 4% 00 2oy
1- J aygluuo e lpoud WS i 9 a0

[1,ae, asglll sde weMl Wb o lede henll o sl &Ll WeSH Ul L e

106S5 Ol s al
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m board[this->m clickedX] [this->m clickedY] == EMPTY

8,Lall g 9 ply o cne wylw 9oVl Ol (susy 13a aaludl by il iz 13
oo iz g 53V weM el e o5 eIl o,lisl sl &l (e dwlioll
6,0 Lpsleasw] pi Ol (sl &l oo 2,25 9 V ol 3516 s OlS b 15 g a=ll &l>

WS>

lodl ,main.cpp waloll Sgixo @lS ¢ 9 ,al>,0ll 01D O A>lg soi s
1 Sy Ol o sJl eSUl 138 9 ,e,uin0ll (59 (sl

#define WIN32 WINNT 0x0500
#define WINVER 0x0501

#include <windows.h>

#include <GL/openglut.h>
#include "Game.h"

#fpragma comment (1ib, "GLU32.LIB")

CGame *game;

void Reshape (int w, int h)

{
glViewport (0, 0, w, h);
glMatrixMode(GL_PROJECTION);
glLoadIdentity () ;
gluPerspective (45.0, (float)w/ (float)h, 1.0, 100.0);
gluLookAt (0,0,6,0,0,0,0,1,0);
glMatrixMode(GL_MODELVIEW);
glLoadIdentity ()
glutReshapeWindow (500, 500);

void Display (void)

glClear (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT);
glLoadIdentity ()

game->play();

glutSwapBuffers();

void Key (unsigned char key, int x, int y )
if(key == 27 ) exit (0);

void action (void)
Display ()

void mouse (int button,int state,int x,int y)

{
switch (button)

{
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case GLUT LEFT BUTTON:
if (state==GLUT DOWN) {

game->m clickedX = (int) (y / 100) - 1;

game->m clickedY = (int) (x / 100) - 1;

if (game->m clickedX<0 || game->m clickedX > 2 |
game->m_clicked¥<0 || game->m clickedY > 2) {
game->m clickedX = -1;
game->m clickedY = -1;

}

}

void main (int argc, char **argv)

{
game = new CGame () ;
HWND hWnd = GetConsoleWindow () ;
ShowWindow ( hWnd, SW HIDE ) ;
glutInit (&argc, argv);
glutInitDisplayMode(GLUT_RGBA | GLUT_DOUBLE);
glutInitWindowSize (500, 500);
glutInitWindowPosition (100,0);
glutCreateWindow ("TicTacToe") ;
glEnable (GL LINE SMOOTH) ;
glShadeModel (GL SMOOTH) ;
glHint (GL _LINE SMOOTH HINT, GL_DONT CARE);
glutDisplayFunc (Display) ;
glutReshapeFunc (Reshape) ;
glutKeyboardFunc (Key) ;
glutIdleFunc(action);
glutMouseFunc (mouse) ;
glutMainLoop () ;
delete game;

}

LS 5 ,0penGL Jlgs ad Llosiow!  swgaw, 565 g main.cpp wsowlbwVl waloll 3¢S

aib>Mo L b asludl jwg)adl (89 3¢90 13 JS Jaso g ;w583 9 (Guw
.Display (void) alladl J>Is> game->play () ; aladl slexiw] g8

rmain awws )l dldl (58 0§liau] pid CGame 58Ul Lol
game = new CGame () ;

sslels auel) whls adls| pu o) ;hsd lawlwVb pigiw 9 13> o g9 il
al..aS =l e gxlill g el

ol 3e o g9ymiod] Jaoxi liSou
http://www.mediafire.com/file/gb84g15v7r5fn70
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9 @iSow @zt J3l wls 8 lul HList wewlml osds ,&ip0 JS J=1 oo ,3 sedl (58
o ;e s J81 (shasiw sl aS,=l Hlisw ST, eup0dl (08 iz Uiz
aouill Ol Loy , 400 g 10 (w51l G Lgwldl [ bizaew Hluudl (suadl (sde gayodl o
i el yos 98 5 ol (| sgiw Y o)lasl ws W ,jea)l Jios +00

10 Al 0id (8 ;oM dess J81 wsdasiiw ool OS2l Lgwlsdl ) bisuow

o, aude sgeiw Y @Son @ ST old 88,2l liteow wgwldl 2 590l o
10 ) bzew 10 aousll 9 5 aousll

Ul o) lzew aS,> Jadl Ul axiw 8,meidl JS Jud=i g aclgall 03 (sudan
ool (sle 7- dsusidl ols &Sl s alad] 0dd o

Lﬂd**d\JQ*Ubdlkﬂ Lo ,8So0 da>lg aS,> (sde Lol pi 8 ,=xuidl 0id leub
oS> 6 Jia ST a8, Sl 6 o assll ez 993 I el sl (sle o)
J§9:945?J542|uuosqm.Lleon)?—w-UsquspdsJ?'un,qﬁ:w
ol sl aS,> Jadl e g wxdl 9 ac)d )il adgi piw 8aJgadl VI
<8g dnlow 138 ¢ asidl S, g @Sowdl olS,=l JS weliw Gl sl wgwl=l
sac ol 8zl goc ozl Jlosinw] pas Ui s SVl OVl (88 aols ¢ ,uS

ol (09 lled oS cxdl wlhgiwo

pizye2lVl (e 855 (sald o990Vl 1o Liogd 0l aey

sl alal MaxMove |, pin,e2W auwus )l @lal MinMax [ Jlgs W loa) wgSuw
&S = susiow il aladl MinMove | ugwlsd] adla) dasuis ST ols &Sl dusiow
e asus Jsl ol

MinMax (GamePosition game) {
return MaxMove (game);

}

duis uSI old aS,2)l g>,w game &Sew aS,> JS J=I oo ,MinMax allol
.MaxMove alJl plazsiwl
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MaxMove (GamePosition game) {
if (GameEnded(game)) {
return EvalGameState (game) ;
}
else {
best move < - {};
moves <- GenerateMoves (game) ;
ForEach moves {
playMove (game) ;
move <- MinMove (game) ;
if (Value (move) > Value (best move)) {
best move < - move;

}

unPlayMove (game) ;

}

return best move;

}
}

aosla)l Mg Ui asen ST ols aS,2l ,aS,> Jadl g>,w MaxMove allul (o
&GSon &S,> JS U=l oo 9 Wl Heull (8 &Sl wlS,=l JS aesld ,moves
all scxiww pi playMove (game) (guyb e &S, 0dd wowl=dl wely ,game
Js1 wls aS,=dl W &>, i lpued o5 il game &S ,=Jl =1 o MinMove (game)
als JS ol sl ,se=ly pujsalVl leb ool 95 Jini sd g9 &S00 Qs
goc ol Jai ol 3518 e Jazi 9 @l ospsis of ] 3l @il e
9 yugwlsdl adla) axi ST wls &5,2d] pest move 9 Uzt w3Vl (89 9,530

oVl gy 9 gy ,a8S,> Jadl sde Jazs ol ] Jeolgs

e asludl alal) aplie @ b ,MinMove alludl e o 1V &S Jd S
oSl pgss Ll

MinMove (GamePosition game) {
best move <- {};
moves <- GenerateMoves (game) ;
ForEach moves {
playMove (game) ;
move <- MaxMove (game) ;
if (Value (move) > Value (best move)) {
best move < - move;
}
unPlayMove (game) ;
}

return best move;

}
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JS Usicw @imopy auc el s s b ,ddlSial bl 8 aladl pu,eelVI
03d o alguine @S,> Hliiw dy0 JS 9 g dosld (9 s Jumdl ol olS,=l
uglunio iz oS) wlizs oSl lab | anslall

oloa,si a wol ¢ game.h wlodl (sl ac ,pi0,52V 2o, g9 licg i (sl S
Lo biseiw (sl culgll ¢ Jlgall

#include <list>

#define PI 3.14159265
#define INFINITY 1000000

typedef struct Move/{
int x,y;

-

class CGame

{
private:

voilid generateMoves (std::1list<Move> &movelist) ;
int evaluatePosition (int forPlayer);

void playMove (int x, int y, int player);

void unPlayMove (int x, int y);

Move MiniMax () ;

int MinMove () ;

int MaxMove () ;

39Sl @il o5 lo csad @uslo,Jl aualsdl wls HaVl

JS wlilasl y 9 X oupmeiodl wls Move auS il e ¢ INFINITY culdl e Lo,
2 J1 0 o pposd Ul Sl ,obls g oo @l

game.cpp walol (sde Jlgal was s wana , paazdl 565 &liS <Ll als JS & piiiow
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oS =l JS adgi 98 @ pgsiw bb JS ddpaw 9 aoww alls generateMoves allol
JS s aSondl oS =l 90 JU ol auel licg it Wl (b, ugawlsl) @iSonll
ely wewll Jeziow ,0 505l Lewldl g gy 0l ey il ag)lall Gl

:X 30,Jb cucMl 9 O j0,JL
void CGame: :generateMoves (std::1list<Move> &movelList) {

for(int 1 = 0; i < 3; i++){
for(int 7 = 0; j < 3; j++)

if (this->m board[i] [J] == EMPTY) {
Move m;
m.x = i; m.y = J;

moveList.push front (m);

9 ac) )l bl zls,b pgsi g Ll S o (38 asl> (e 6,le s 3]
.movelList aoslall

0+ bl g>,w bl oI, aS,> <> ae aslll &l> puss evaluatePosition &l
15] 00 83 5,0 50, il salaell Ol (sle Wil lasbs | gwlodl 98 @l (5
o) dsalll O] Ao b Sl alls sue 0 &>y sl &l> csd 5 XWIN ol a5
1 el g5 ,88,> 531 s> 8o sy (spiis

int CGame::evaluatePosition(int forPlayer) {
int state = this->checkGameState (forPlayer);

if(state == XWIN || state == OWIN || state == DRAW) {
if (state == OWIN) {
return +INFINITY;
} else if (state == XWIN) {
return -INFINITY;
} else if (state == DRAW) {

return 0;
}
}

return -1;
olell (8 ,alpw g @ OlS,=)l pusi @ls 0ld Ui las oy duelll 0is

U39 wsde Olusdl (89 aossiow 3| Iuaes ST @lodl 0id UeSiw zudaadlS s,
2o il glad
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cli] il ode Lilell 9 aS,> <l =L ulogss unPlayMove g playMove .l

s 2slll (sle @Sowdl ISl JS eyl wgwlsdl pgisw wVlaasYl §ymis g
.gS;>|CJS)> d)2§JCAS)>J|suﬂlhleathuu

void CGame: :playMove (int x, int y, int player) {
this->m board[x][y] = player;

}

void CGame::unPlayMove (int x, int y) {
this->m board[x] [y] = EMPTY;

MiniMax alal Vsl s )l Jlgs &Ml (sl Juai
Move CGame: :MiniMax () {

int best_val = —INFINITY;

std::1list<Move>::iterator Iter;

std::1list<Move> movelist;

std::1list<Move> bestMoves;

this->generateMoves (movelList) ;

while (!moveList.empty()) {

this->playMove (movelList.front () .x, movelList.front() .y,

int val = this->MinMove () ;

if(val > best val) {
best val = val;
bestMoves.clear () ;
Move m = movelList.front();
bestMoves.push front (m);

telse if (val == best val) {
Move m = movelList.front();
bestMoves.push front (m);

}

this->unPlayMove (movelList.front () .x, movelList.front().y):;

moveList.pop front();

}

Iter = bestMoves.begin();

int size = bestMoves.size();
if(size > 1) {
int temp = (rand() % size);
for (int i=0; i<temp; 1i++)
Iter++;

}

return *Iter;

}

b JS 05 -0 O o, L] Jeaiow @i Juadl aud Uskiw best val cslzodl jusioll

anilall (0 Qs Judl JSU asdlgell @Syl Uz s Lz ST A aw
ogw =l Laeld acslall o dlguince asS,> lizkow WV pestMoves

s Lo 9 Wl &Sondl wlS =l JS Mgiw o> moveList wod auldl anslall
sl Sy 9 @iSow 85,5 JS wewll wely ol HUasl (8
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Soodl OIS, =l S el pg8) while (ImoveList.empty()) szl plaziwl g

radladl boassow! Ui |0 50l passiows wgwl=l

this->playMove (movelList.front () .x, moveList.front().y, O);

&iSowll OIS =l 805l (sle @550 >l Gl Jgl (08 O pow s G

ae &l &S,md] i b ¢ Val @oudll sle Juazs Minvove &l sleawl g
9 i puw>lS il g best val 2o e pi ,lpade MinMove &llal (guls
.best val o ).;S| Lpgs a>

L;\JLJ[S MinMove u95.1 aJluJl

int CGame: :MinMove () {
int pos value = this->evaluatePosition(O);
if (pos value != -1) {
return pos value;
}
int best_val = +INFINITY;
std::1list<Move> movelist;
this->generateMoves (movelList) ;
while (!moveList.empty()) {
this->playMove (movelList.front () .x, moveList.front().y, X);

int val = this->MaxMove () ;
if(val < best val) {
best val = val;

}

this->unPlayMove (movelList.front () .x, movelList.front () .y):;
moveList.pop front();

}

return best val;

Joly @l 5l oiwl Al s,V ol 5B e bla> S (g Vel

Baxn X aS,> JS wel am 9,29l (sde X powriow ST, oeMl ey Jios @lladl s
oWl lpde Jaxs ol oSoy dxi 20l (sde Juaz (i val < best val Jb
e Lgwlsl dslaod
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Jadl &> yiw 9 ;ugwlzdl 95 ST ,0 50 )l powyiow Maxvove @ladl (88 LuSsell g
togwlsdl el Ol Soy asws

int CGame: :MaxMove () {
int pos value = evaluatePosition (X);
if (pos value != -1) {
return pos value;
}
int best_val = —INFINITY;
std::1list<Move> movelist;
this->generateMoves (movelList) ;
while (!moveList.empty()) {
this->playMove (movelList.front () .x, moveList.front().y, O);

int val = this->MinMove () ;
if(val > best val) {
best val = val;

}

this->unPlayMove (movelList.front () .x, movelList.front () .y):;
moveList.pop front();

}

return best val;

}

18 Jiow sleaw)l 1 0ld MaxMove @ldl slesiw] die @l bW ol wow lab
S, 9 X pawy MinMove @ladl (seaiwn o wblbw=dl Sy ,0 pow,y ,wgwl=
oWl o 05 oM (] weawlsdl o 5911 5500 WS 9 1388 5 a9l Gllwl
Ol Il sel s @z 1 ol @zt Juadl 5Lz bo| y0 JS (08 5 wgawlzdl (sl

&l Sgwn (sde 98 9, osewlbwl sesod ;i oo b Vel g Ol Jud
O powy wowll Joxi g dS &b e O pow; g8 ot ool SVl s play
pin 990Vl (sl s bl

void CGame: :play(void) {
if (this->m state == PLAYING) ({

if (this->m turn == 0) {
Move move = MiniMax () ;
this->m board[move.x] [move.y] = O;
this->m turn = X;
this->m state = this->checkGameState (0O);

telse if (this->m clickedX != -1 && this->m clickedY != -1){

1l baes] gaw o @8lo] a2y g9 minodl Juoxi ,pis,2lVl 118 2 (i L

http://www.mediafire.com/file/287tfpia8ay9cii
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minimax 2 pis,92JVI1.3

,minimax() &l 3 o sesais JS Jemeiow oS aoluwdl pou,92V abwss go
.MinMove ¢ MaxMove JlguJl seliow

3a O ulS 18] ;e gg5 @8 ,20 dub i o Josiowiow bad |l juss e
&V hhad  MinMove >¢S e X ulS 13] g MaxMove w Lozl >¢8

€9 rwiod Jar wsu> asLudl Jlgadl i Ues Lplosiuww 9 8yl allull wevaiow
G o Oyl Sy g dalixo dls 8,0 JS 09 Jomiww 9 &Soodl Jlgadl S aus
oSl 20 9 Jpaiill acyw

MS powl d30a> &S i By2iw Lal o ,game.h alodl J3Isminimaxz &l O,
oo duiid] 9 @iSowdl &S,2l Lpud UgSow G

typedef struct MS({
int x,v;
int score;

i

class CGame

{
private:

//minimax?2
MS *minimax?2 (int player) ;

Player sl iolly 3950 @il GsSiwd @Il Ludi (88 aiw Josll JS ol oy
Sl S eI G O ol X aosill o] @l slenin] JS b il cax>
o)l 148 sl

:game.cpp lodl Sgiwuo sde , WS UgSw dll pow>

MS *CGame::minimax2 (int player) {
MS *ms = new MS();

int pos value = this->evaluatePosition (player);
if (pos value != -1) {
ms->score = pos value;

return ms;

}

std::1list<Move> movelist;

int theOtherPlayer;

player == X ? theOtherPlayer = O : theOtherPlayer = X;

this->generateMoves (movelList) ;

if (player == 0) {
ms—->score = —INFINITY;
while (!moveList.empty()) {
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this->playMove (moveList.front () .x,

moveList.front () .y, player);

int score = minimax2 (theOtherPlayer)->score;
this->unPlayMove (movelList.front () .x,

moveList.front () .y);
if (score > ms->score) {
ms->score = score;
ms->x = movelist.front () .x;
ms->y = movelList.front () .y;

}

}

moveList.pop front();

else {
ms—->score = +INFINITY;
while (!moveList.empty()) {
this->playMove (moveList.front () .x, moveList.front () .y,
player);
int score = minimax2 (theOtherPlayer)->score;
this->unPlayMove (movelList.front () .x,
moveList.front () .y);
if (score < ms—->score) {
ms->score = score;
ms->x = movelist.front () .x;
ms->y = movelList.front () .y;

}

}

}

moveList.pop front();

}

return ms;

i JS > 825l &lls (s olisa Jlgs oW (sle panall ilwdl Josll (s

X ol O bo| ,cuecW )gs Jioy if (player == 0) aubo,idl @ozdl o
J=l oo sleaiswVl piy o>l JSain minimax2 &l cacasows 8,0 JS 89 9
.theOtherPlayer 9 doudll UgSH >,V eI

: W bl csde a5l minimax2 @8lo] sy g pinoll Juomil

http://www.mediafire.com/?4p1k2iukw42jjls
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negamax pi,oJ VI .4

bywusd max(a,b) = -min(-a,-b) vl &ss> (sle negamax 230,52Vl oy

9 MaxMove g MinMove ¢uladl o JS 195 e pgéiow S|, minimax pi,92lVI
Ba>lg alls

"5V oWl o 1 UsSan osoello (5 98 Lo” 198 csawluoll 11,0l
-1 EﬁséMSwa Uﬁz?z!ﬁﬁ EMNS.HSIJUjQJN H*cvtjsl)>|Lﬁig°4

int negamax (int depth)
{
if (game over or depth <= 0)
return eval ()
int best score = -INFINITY;
move best move;
for (every possible move m) {
play move m;
int score = -negamax (depth - 1)
unplay move m;
if (score >= best score) {
best score = score ;
best move = m ;
}
}

return best score;

>V oW alill aS,oel) azes Juodl (s bl 88,2l donis Juad] lagans
1- (89 @9,00

.negamax aJlaJl 9 evaluatePosition?2 aJluJl ,Q,_d.lb &9)..3;.0“ ._5\.” Qi
:Jlgdl Ol pai wanl ,game.h walodl Sgimn (sle

class CGame

{

private:
//negamax

MS *negamax (int player) ;
int evaluatePosition3 () ;

revaluatePosition3 &la)l Vol ,game.cpp csde Jlgall 3¢S &,

int CGame::evaluatePosition2 () {
int state = this->checkGameState (O);
if(state == OWIN)

return -INFINITY;
state = this->checkGameState (X) ;
if (state == XWIN)
return -INFINITY;
else if(state == DRAW)
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return 0;
return -1;

}
sl dseii 1T e Ol Lol ;acMl g Lgawll eI WS O Loy, Lo
05 (Lgwlsl dsdan) dsuis J81 e weWl g @i S| e o Lgwlsdl OlS
L;L&LquSj>Q5J|d91¥le*c ML aeiiw puassd] s OB ,1- (9 &g,00 uuzzy
<olS 13] Y ceMl ol Lgwlzel) slgaw -0 azaiid] @2 pimw s98)l (oo eI >

+00 (sJ] Lplig= pisansd Lpclorsl 03 9 (eI 2>l j99) 00 lpszuss allgall &S =l

:game.cpp «sJl 398Jl ol ,negamax allull
MS* CGame: :negamax (int player)
{
MS *ms = new MS();

int pos value = this->evaluatePosition2();
if (pos value != -1) {
ms->score = pos value;

return ms;
}
ms—->score = —INFINITY;
std::1list<Move> movelist;
int theOtherPlayer;
player == X ? theOtherPlayer = O : theOtherPlayer = X;
this->generateMoves (movelist) ;
while (!moveList.empty()) {
this->playMove (movelList.front () .x, movelList.front () .y,
player);
int score = -negamax (theOtherPlayer)->score;
this->unPlayMove (moveList.front () .x, movelList.front () .y):;
if (score >= ms->score) {
ms—->score = score;
ms—->x = movelList.front () .x;
ms->y = movelList.front() .y;

}

moveList.pop front();

}

return ms;

-fsj\Lbﬁgﬁﬁbyﬂyl599°)S5ﬁﬂ lod (59> Sukos
Dloowdl e o Lde Jaxiscore  aseul!

int score = -negamax (theOtherPlayer)->score;

if (score >= ms->score) aub,ull @esdl g,b oo i uST lizs pd

:negamax &lul a,b o pu iVl Jes csus play @l (58 i, usVl (58
void CGame: :play(void) {

if (this->m state == PLAYING) {
if (this->m turn == 0) {
//negamax
MS *ms = negamax (O) ;
this->m board[ms->x] [ms->y] = O;

delete ms;
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sl bl (sle bassl negamax alludl a,LS s g9 5iiodl Juo=i

http://www.mediafire.com/?445hz19at5babzg

minimax alpha-beta pis,92JV1.5

wlS,> acgozo Loy il LV Als (08 ,la> Vled G (sl pisye2lVl ass=l o8
Luad UsSy 38 zu ] sl 88 Mo , bl piu sl Jlasiowl (58 @dSiio JUd UgSiw S
oo el oSasy o WVl s> (] slalsi Lo Jlomiwly MJ)&JSOMQ—LS'LOQb)D\_S\S
Lidg ilowd @Sowdl WS =l JS Jul=i bol ,Jgamo udg JMs had Slgiwo 5 9l 4 oo ST Jul=
N EC VA

eVl olS I3] ,negamax ol minimax clguw , sladl eVl g1y asiyb (] gliziow ,eli
el Vla> O b o izl piw I (| iell S,> 15]" taiuse 4S,> (89 Jgéwd 0Ll
Moim Y| S s i 1355 551 018 wsalell ol IS 13] Lol "I LpS o1 o) el

el Coiw 85,2l el ol Glpil (28 sz la> HuS @89 Bt 9 @S2l puaid adlgoll
e\l ol b oo sl

)l>_NI €99 oo yizo dac AlY (& ludl pgpsnll Josiwww ,Alpha-Beta pruning ,liu- Lol gubnss
J9|LWMQ;SMQS)>U)&JO|>| uoaJ|sl.u| |szz.Q.gw~..mSQS).>‘_J..a9|u_c'_.\2J|
CLS_,.z”Jl;&gﬁ%&@bug_wlz”,ogmd,u\”b&|L&J.chl.axwuw|

6| A MAX

3B ® ¢ 5 D MIN

5 3 6]17] [5]]8 MAX
g R0 aoee -
5106][7]14]15] [3][e]le]le][7][5] [2][8][6 MAX

Jioy A g0l Lo ool UL Ll oo sz 8)20id| s (859001 (59 8yl (] 5ol

Hliow 9 el Jioi D 9 C B yilgall 9 ,ac9,9 (o @oud »uS| e [l ,(Maximizer) ogwl=ll
oVl lpe,d (o8 u9_.wl2J| Jexi A=y 9 (Minimizer) D &5l J| Juas bodic ,aiSow axyis JSI
99,5 b W,z Ol (Souw @z ST Ol s J8l lizewD Ol oy 9,5 sl sl Ja>
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Sz o lebd @il (ST ,a0,8 5uST ) lizeeuw ST mXimizer g A 9,6 8 C anud Lyad cgll pus
wels Vel 16 o J8T (od 5 5 (Sl ol J8T 0sSiw iV cilS logo D oo @ yiw sl doill
aldls piw 9 D 8,500l ooVl 58]l 26l e wgwlsdl sy OV

:minimax_alphabeta pu 92V
int alphabéta(int depth, int alpha, int béta)

{
if (game over or depth <= 0)
return winning score or eval ();
move bestMove;
if (neud == MAX) { // computer's turn
for (each possible move m) {
make move m;
int score = alphabéta(depth - 1, alpha, béta)
unmake move m;
if (score > alpha) {
alpha = score;
bestMove = m ;
if (alpha >= Dbéta)
break; /* Beta cut-off */
}
}
return alpha ;
}
else { //player's turn
for (each possible move m) {
make move m;
int score = alphabéta(depth - 1, alpha, béta)
unmake move m;
if (score < béta) {
béta = score;
bestMove = m ;
if (alpha >= Dbéta)
break; /* Alpha cut-off */
}
}
return béta;
}
}

alodl Sgiuo (sde ,oi,9Vl @ls 9 601> pundi @ls iy y2 Caiow ;pinedVl 13s 3¢S uSu)

:game.h
class CGame

{

private:

//minimax alphabeta
int evaluatePosition3 () ;
MS *minimax alphabeta (int player, int alpha, int beta);
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il lwsS evaluatePosition3 pwdidl @ls ,Jlgal pliw=l wiSiow cus> game.cpp waloll (sl

int CGame::evaluatePosition3 () {
int state = this->checkGameState (0O) ;
if (state == OWIN)

return +INFINITY;
state = this->checkGameState (X) ;

if (state == XWIN)
return -INFINITY;
if (state == DRAW)

return O;
return -1;

oo )l colS 13] 1- ¢ Usledl (8 j00 9 Ml ,ls 5] 00 9 Lgwl=dl ;8 I3] +00 8>3
iminimax alphabeta @yl Sgiwn e b Wl wlahsi e aic LodSs bo suniw

MS* CGame::minimax alphabeta (int player, int alpha, int beta)

{

MS *ms = new MS();
int pos value = this->evaluatePosition3();
if (pos value != -1) {

ms->score = pos value;
return ms;
}
std::1list<Move> movelList;
int theOtherPlayer;
player == X ? theOtherPlayer = O : theOtherPlayer = X;
this->generateMoves (movelList) ;
if (player == 0) {
ms—->score = —-INFINITY;
while (!moveList.empty()) {
this->playMove (movelList.front () .x, movelList.front().y, player);
int score = minimax alphabeta (theOtherPlayer, alpha, beta)-
>score;
this->unPlayMove (movelList.front () .x, movelList.front().y):;
if (score > alpha) {
alpha = score;
ms->x = movelist.front () .x;
ms->y = movelList.front () .y;
if (alpha >= beta) break;
}

moveList.pop front();

}

ms—->score = alpha;
}
else {
ms—->score = +INFINITY;
while (!moveList.empty()) {
this->playMove (moveList.front () .x, movelList.front().y, player);

int score = minimax alphabeta (theOtherPlayer, alpha, beta)-
>score;
this->unPlayMove (movelList.front () .x, movelList.front () .y):;
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if (score < beta) {

beta = score;
ms->x = movelist.front () .x;
ms->y = movelList.front () .y;

if (alpha >= beta) break;
}

moveList.pop front();

}

ms—->score = beta;

}

return ms;

}

ol 0dd Jlosiw] o oSeiiow play dlodl (9 by i 9

void CGame: :play(void) {
if (this->m state == PLAYING) ({
if (this->m turn == 0) {
//minimax alphabeta

MS *ms = minimax alphabeta (0, -INFINITY, +INFINITY);

this->m board[ms->x] [ms->y] = O;
delete ms;

minimax alphabeta &yl @8lo] a2 g9 minodl Jaoxd

http://www.mediafire.com/?uorrbribaalbij8

negamax alpha-beta pis,92V1 .6

> alpha-beta wledass 9 NegamMax o ociow ;uwydl 13D (58 6,3l sghaxS g

Wl o9V

int ALPHA BETA (depth, Alpha, Beta)
{
if (game over or depth <= 0)
return eval (),
best score = -INFINITY;
move best move;
for (every possible move m) {
play move m;
int score = -ALPHA BETA (depth-1,-Beta, -Alpha);
unplay move m;
if (score >= best score) {
best score = score;
best move = m;
if (score > alpha) {
Alpha = score;
if (Alpha >= Beta) break; //cut-off
}
}
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return best score;

}

9 lpic 205 Vol 89,0l sJl negamax_alphabeta alul @uniw pisye2dVl saulai

:game.h

class CGame

{

//negamax alphabeta
MS *negamax alphabeta (int player, int alpha, int beta);

]l pou> 368 wuSiow game.cpp walodl (89 9

MS* CGame::negamax alphabeta (int player, int alpha, int beta)

{

MS *ms = new MS();
int pos value = this->evaluatePosition2();
if (pos value != -1){

}

ms->score = pos value;
return ms;

ms—->score = —-INFINITY;

std::1list<Move> movelList;

int theOtherPlayer;

player == X ? theOtherPlayer = O : theOtherPlayer = X;
this->generateMoves (movelList) ;

while (!moveList.empty()) {

player);

this->playMove (movelList.front () .x, moveList.front () .y,

int score = -negamax alphabeta (theOtherPlayer, -beta, -

alpha) ->score;

}

this->unPlayMove (movelList.front () .x, movelList.front().y):;
if (score > ms->score) {
ms—->score = score;
ms->x = movelist.front () .x;
ms->y = movelList.front () .y;
if (score > alpha) {
alpha = score;
if (alpha >= beta)
break;
}
}

moveList.pop front();

ms—->score = alpha;
return ms;

rwgwl=dl &S ,> aJgi negamax_alphabeta allull Josiows play @l Jex o0
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void CGame: :play(void) {
if(this—>m_state == PLAYING) {
if (this->m turn == 0) {
//negamax alphabeta
MS *ms = negamax alphabeta (O, -INFINITY, +INFINITY);
this->m board[ms->x] [ms->y] = O;
delete ms;

Jlgadl JSu solpadl g9 il oz
http://www.mediafire.com/?7sureh8ebuhu4i4
9l
http://www.4shared.com/zip/z30nNOFV/TicTacToe negamax alphabeta.html
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&Il Jgl (s =l oy ,(depth) soasl (suadl 3> 209 ikl Jio s ey
18,Lasl ps @sl JIs sl gl negamax_alphabeta
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