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vadGenerateAIIMove ..... : YTEposmonlO ........ R e
int i
foo i =0 i <10 i++ // 9x10 BYTE
fo j =0 j <9 j++
if GetCoor paosition i ] == nColor
/1
switch position 1 j
case RED_KING
GenR_KingMove position i j [/
> case BLACK_KING

GenB_KingMove position i | //
case RED_PAWN
GenR_PawnMove position i | //
case BLACK_PAWN
GenB_PawmnMove position i | //
/1

/ /end fo switch
[lend of if



N
- void GenB_PawnMove BYTE position 10 9 inti intj

int x y
y=i-1
X =]
/1
if y>0&& IsSameSde nChessiD position y X
AddMove j i x y [/
if i <5
1
y =i
x=j+11//
if X <9&& IsSameSde nChessID position y X
AddMove j i x y [/
x=j-11/
if x >=0&& IssameSde nChessiD position y X
AddMove j i x y [/

: void GenR_PawnMove int position inti intj //

...........................................................................................................................................................................................................................................................................
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Zint MiniMax position p int d

int bestvalue value
if Game Over //
return evaluation p //
if depth <=0 /1
return evaluation p //
if p.cdor == RED [/
bestvalue = - INFINITY //
else
bestvalue = INFINITY //
for each possibly move m //

MakeMove m // i
vaue = MiniMax p d-1 //

Breadth First Search

A
()
1 B
() © O
B
B
A ®®©
C
BCD 4.2
3
m
Mini Max

®
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UnMakeMove m //
if p.coor = RED
bestvalue = max value bestvalue [/

else
bestvalue = min value bestvaue [/

return bestvalue // /

L P e P L L L A L A L L PO L AP PO POL PO FPL PP ML PP SOPL PP RRL IR Pt

_____________________________________________________________________________________

74.4 Negamax Algorithm [
Knuth  Moore 1975 Negamax @
/I C

............................................................................................................................................................................................................................................................................

int n value bestvalue = - INFINITY //
if Game Over p
return evaluation p //
if depth==0 //
return evaluation p  //
for each possibly move m //

MakeMove m [/
value = - NegaMax p d-1 //
unMakemove m //
if value >= bestvalue
bestvalue = value //

return bestvalue //
/lend of Negamax

........................................................................................................................................................................................................................................................................

(@) 1975 50
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»51
500 300 100
SdeVaue=um PieceNumber x PieceVaue
PieceNumber PieceValue um
SdeVaue
#5.2

Mobility = Sum  MoveNumber x MoveValue
MoveNumber MoveValue
Mobility
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RedVaue BlackVaue Value

Value = RedValue - BlackVaue
Vaue

RedValue - BlackVaue
BlackVaue - RedValue
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EYTE [hessSosrd[10][%]=
]
{2, B0 80 50 10 5, 8, F Zhe
(m, m, o, 0, 0, 0, 0, @, 0,
{n, &, 0, B, 0, 0, 0, & Of,
(v, 0, ¥, o0, 7, 0, ¥, 0, 7,
{m, n, m, B, 0, 0, 0, 0, 0f,
{m, 0, m, B, 0, 0, 0, 0, 0F,
[ [ [ (i, 0,10, 0,1%, 0,14, 0,18},
o o - o - {n, 1,0, B, B, B, B, B,
o ) o o - o o e o S oA {0, W, m, 6, @, 0, 6, 0, @,
\--"f_ﬁ\--f Rl-f e _‘l\--f (R ANAT AT, BAZ,13,10, %)
@E, | 1
.f,];w P '*-.Of,l;_‘-.
X o ’1'-' '-.Et} A L’ s e e
6.1
define. h
chess. h define. h

. //define.h //data structure and macros
* #ifndef define_h_

. #define define_h_

; #define NOCHESSO  //

. #define B_KING 1//

! #define B_CAR 2/1

. #define B HORSE 3/

? #define B_.CANON  4//

. #define B_BISHOP ~ 5//

{ #define B_ELEPHANT 6//

- #define B_PAWN 711
! #define B_BEGIN B_KING
: #idefine B_END B_PAWN
{ #define R_KING 8//
: #idefine R_CAR 9/1

. #idefine R HORSE ~ 10//
: #define R_CANON  11//
© #define R BISHOP  12//
* #define R_ELEPHANT 13//




! idefine R_PAWN 141/
. #define R_BEGIN R_KING
! #define R_END R_PAWN

. #define IsBlack x ~ x>=B_BEGIN&&x<=B_END  //

#define IsRed x x>=R_BEGIN&&x <=R_END /1

.y

#define IsSameSide x y IsBlack x &&IsBlack y || IsRed x &&IsRed y
Y

typedef struct _ chessmanpasition

BYTE X
BYTE y
CHESSMANPOS

Ll
typedef struct _chessmove

short ChessiD /!
CHESSMANPOS From 11
CHESSMANPOS To /1
int Score 11

¢ CHESSMOVE

: #endif//

Sttt ettt ettt tsteteaetiestntsteteaetsttestoaeteaetie bbbttt H

wizard 4
(D CMoveGenerator
(2CSearchEngine

(3)CNegaMaxEngine CSearchEngine
(4)CEveluation

_____________________________________________________________________________________

CMoveGenerator. h



..................................................................................................................................................................................................................................................................................... -

[ IMoveGenerator. h  interface for the CMoveGenerator class
IR RNy

¢ #if  defined AFX _ MOVEGENERATOR _ H_ 54A88FC2 _ CAFC _11D5 _AEC7 _ |

{ 5254AB2E22C7_ INCLUDED

! #define AFX_MOVEGENERATOR_H__54A88FC2_CAFC_11D5_AEC7_5254AB2E22CT__ |

- INCLUDED_
¢ #f _MSC_VER > 1000
#pragma once

¢ #endif //_MSC_VER > 1000
class CMoveGenerator

. public
CMoveGenerator
virtual ~ CMoveGenerator
/1
static BOOL IsvaidMove BYTE position 10 9 int nFromX
int nFromY int nToX int nToY
/1
int CreatePossibleMove BYTE position 10 9 int nPly int nSde
/1 CreatePossibleMove
CHESSMOVE m_Movelist 8 80
protected
1 /I m MoveList
int AddMove int nFromX int nToX int nFromY int nToY int nPly

/1 /

void Gen_KingMove BYTE position 10 9  inti intj int nPly

/1

void Gen_RBishopMove BYTE position 10 9 inti intj int nPly
/1

void Gen_BBishopMove BYTE position 10 9  inti intj int nPly
/1 /

void Gen_ElephantMove BYTE position 10 9 inti intj int nPly
/1

void Gen_HorseMove BYTE position 10 9 inti intj int nPly
/1

void Gen_CarMove BYTE position 10 9 inti intj int nPly
11

®
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void Gen_RPawnMove BYTE position 10 9 inti intj intnPly
/1

void Gen_BPawnMove BYTE position 10 9  inti intj int nPly
/1

void Gen_CanonMove BYTE position 10 9 inti intj int nPly
int m_nMoveCount // m_MovelList

. #endif // defined AFX_MOVEGENERATOR_H__ 54A88FC2_CAFC 11D5_AEC7_
¢ 5254AB2E22C7__ INCLUDED

.....................................................................................................................................................................................................................................................................................

CMoveGenerator CMoveGenerator 2
IsvaidMove  CreatePossibleMove |sValidMove
CreatePossi bleMove IsvaidMove

CMoveGenerator MoveGenerator. cpp

.................................................................................................................................................................................................................................................................................... -

/ I MoveGenerator. cpp implementation of the CMoveGenerator class
NNy
#include " stdafx. h"

#include " chess. h"

#include " MoveGenerator. h"

[ #ifdef _DEBUG

¢ #undef THIS FILE

. satic BYTE THIS FILE  =__FILE__

: #define new DEBUG_NEW

¢ Hendif

HHEEEEEEEEEE e rr bbbt
¢/ /Construction/Destruction
NN NN,
-

CMoveGenerator CMoveGenerator

i1
CMoveGenerator = CMoveGenerator



/1 position From To
/1 TRUE FALSE
BOOL CMoveGenerator IsValidMove BYTE position 10 9

int nFromX int nFromY int nToX int nToY

inti j

int nMoveChessiID nTargetlD

if nFromY ==nToY && nFromX ==nToX
return FALSE //

nMoveChessID = pasition nFromY  nFromX

nTargetlD = position nToY  nToX

if IsSameSde nMoveChessID nTargetlD
return FALSE //

snitch nMoveChessID

case B_KING
if nTargetiD==R KING //

if nFromX =nToX [/

return FALSE /]
for i=nFromY +1 i<nToY i++
if pasition i nFromX =NOCHESS
return FALSE // FALSE
else
if nToY > 2||nToX > 5| |nToX <3
return FALSE //
if abs nFromY - nToY +abs nToX - nFromX > 1
return FALSE //
break
case R_KING /1

if nTargetiD==B _KING //

if nFromX =nToX
return FALSE //
foo i=nFromY-1 i > nToY i--

®
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if

if

if

if

®

if podition i nFromX =NOCHESS

return FALSE // FALSE

else

if nToY <7]||nToX > 5| |nToX <3
return FALSE //

if abs nFromY - nToY +abs nToX - nFromX
return FALSE //

break
case R BISHOP /!

nToY <7||nToX > 5||nToX <3

return FALSE //

abs nFromY - nToY =1]||abs nToX - nFromX
return FALSE /1

break
case B_BISHOP /1l

nToY > 2||nToX > 5| |nToX <3

return FALSE //

abs nFromY - nToY =1]||abs nToX - nFromX
return FALSE /1

break
case R_ELEPHANT //

nToY <5

return FALSE //

abs nFromX - nToX =2| |abs nFromY - nToY
return FALSE //

position nFromY +nToY /2 nFromX +nToX /2

return FALSE //

break
case B ELEPHANT //

if

if

nToY > 4

return FALSE //

abs nFromX - nToX =2| |abs nFromY - nToY
return FALSE //

position  nFromY +nToY /2 nFromX +nToX /2

=NOCHESS

=NOCHESS



return FALSE //
break
case B_PAWN /1
if nToY <nFromY
return FALSE //
if nFromY <5 && nFromY ==nToY
return FALSE //
if nToY - nFromY +abs nToX - nFromX > 1
return FALSE //
break
case R_PAWN /1
if nToY > nFromY
return FALSE //
if nFromY > 4 && nFromY ==nToY
return FALSE //
if nFromY - nToY +abs nToX - nFromX > 1
return FALSE //

break
case B CAR /1l
case R_CAR /1

if nFromY =nToY && nFromX =nToX
return FALSE /]
if nFromY ==nToY

if nFromX <nToX
for i=nFromX +1 i<nToX i++

if position nFromY i =NOCHESS
return FALSE

ese

for i=nToX+1 i<nFromX i++
if position nFromY i =NOCHESS
return FALSE

®
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else
if nFromY <nToY
for j=nFromY +1 j<nToY j++
if position j nFromX =NOCHESS
return FALSE
else
for j=nToY +1 j<nFromY j++
if position j  nFromX =NOCHESS
return FALSE
break

case B HORSE /1
case R_ HORSE /1

if abs nToX - nFromX ==1 && abs nToY - nFromY

|| abs nToX - nFromX ==2&&abs nToY - nFromY
return FALSE //
if nToX - nFromX ==

i =nFromX +1
j =nFromY

ese if nFromX - nToX ==

i =nFromX - 1
j =nFromY

ese if nToY - nFromY ==2

i =nFromX
j =nFromY +1

ese if nFromY - nToY ==



i =nFromX
j =nFromyY - 1

if postion j i =NOCHESS
return FALSE //
break
case B CANON /1
case R_CANON /1l
if nFromY =nToY && nFromX =nToX
return FALSE /1
/1
if podition nToY nToX ==NOCHESS

if nFromY ==nToY
if nFromX <nToX
for i=nFromX +1 i<nToX i++
if position nFromY i =NOCHESS
return FALSE
else
for i=nToX+1 i<nFromX i++

if position nFromY i =NOCHESS
return FALSE

®
39
else

if nFromY <nToY
for j=nFromY +1 j<nToY j++
if pogition j nFromX =NOCHESS

return FALSE

else
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for j=nToY +1 j<nFromY j++
if pogition j nFromX =NOCHESS
return FALSE

/]
else

int count =0
if nFromY ==nToY

if nFromX <nToX

for i =nFromX +1 i <nToX i ++
if podtion nFromY i  =NOCHESS
count ++
if count =1
return FALSE

else

for i=nToX +1 i <nFromX i ++
if pogition nFromY i =NOCHESS
count ++
if count =1
return FALSE

ese

if nFromY <nToY

for j =nFromY +1 j <nToY | ++

if position j  nFromX  =NOCHESS
count ++



else

if count

return FALSE

=1

for j=nToY +1 j <nFromY j ++
if pogition j nFromX =NOCHESS

break
default
return FALSE

return TRUE //

/1 m Moveligt
/ InFromX

/ InFromY
/InToX

/ InToY

[ InPly

count +
if count

+
=1

return FALSE

TRUE

int CMoveGenerator AddMove int nFromX int nFromY

m_MovelList nPly
m_MovelList nPly
m_MovelList nPly
m_MovelList nPly
m_nMoveCount ++

int nToX

m_nMoveCount
m_nMoveCount
m_nMoveCount
m_nMoveCount

return m_nMoveCount

/1 AddMove
/1l position
/ I position

int nToY int nPly

. From. x =nFromX //
. From. y =nFromY //
. To. x=nToX
. To.y =nToY

®
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/InPly
/InSide TRUE FALSE

int CMoveGenerator  CrestePossibleMove BYTE position 10 9
L int nPly int nSde

int X y nChessiD
BOOL flag
int ij
m_nMoveCount =0
for j=0 j<9 j++

for i=0 i<10 i++

if position i j  =NOCHESS

NChessiD = position i |

if nSde && IsRed nChessID
continue //

if nSde && IsBlack nChessID
continue //

snitch nChessID

case R_KING //

case B_KING //
Gen_KingMove paosition i j nPly
break

case R_BISHOP //
Gen_RBishopMove position @ j nPly
break

case B_BISHOP //
Gen_BBishopMove pasition i j nPly
break

case R_ELEPHANT //

case B_ELEPHANT //
Gen_ElephantMove position i j nPly
break

case R_ HORSE /1

case B_ HORSE /1



Gen_HorseMove position i j nPly
break
case R_CAR //
cae B CAR //
Gen_CarMove position i ) nPly
break
case R_PAWN //
Gen_RPawnMove position i j nPly
break
case B_PAWN //
Gen_BPawnMove position i j nPly
break
case B_CANON //
case R_CANON //
Gen_CanonMove position i j nPly
break
default
break
//end of switch

return m_nMoveCount //

I CreatePossibleMove
/1l

I j

[ Inply List

void CMoveGenerator  Gen_KingMove BYTE position 10 9
inti intj intnPly

intx vy
for y=0 y<3 y++
foo x=3 Xx<6 x++
if IsvaidMove position j @ x y [/
AddMove j i x y nPly [/ m_Movelist
for y=7 y<10 y++
foo x=3 Xx<6 x++
if lIsvaidMove position j i x y [/

®
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AddMove j i x y nPly [/ m_MoveList
/1
1]
/ Inply List

void CMoveGenerator  Gen_RBishopMove BYTE position 10 9
finti intj int nPly

intx vy
for y=7 y<10 y++
for x=3 x<6 Xx++

if IsvaidMove position j @ x y [/
AddMove j i x y nPly [/ m_Movelist
/1l
1]
/ Inply List

void CMoveGenerator  Gen_BBishopMove BYTE position 10 9
S inti intj int nPly

intx vy
for y=0 y<3 y++
foo x=3 Xx<6 x++

if IsvaidMove position j @ x y [/
AddMove j i x y nPly // m_MoveList
/1 /
1]
/ Inply List

void CMoveGenerator  Gen_ElephantMove BYTE position 10 9
Linti intj int nPly

intx vy

/1

X=j+2

y=i+2

if x<9&& y<10 && IsvadidMove position j | X y



AddMove j i x y nPly
/1

X=j+2

y=i-2

if x<9&& y>=0 && IsvdidMove position j i X y

AddMove j i X y nPly

/1

X=j-2

y=i+2

if x>=0&& y<10 && IsvaidMove position j i x y

AddMove j i x y nPly
/1

X=j-2

y=i-2

if x>=0&& y>=0 && IsvdidMove position j i X y
AddMove j i X y nPly

1
i j
i [Inply List
void CMoveGenerator  Gen_HorseMove BYTE position 10 9
int i

intx vy

/1

x=j+2 /] 2

y=i+1l /] 1

if x<9&& y<10 &&lsvaidMove position j i X y
AddMove j i x y nPly

/1

x=j+2 [l 2

y=i-11// 1

if x<9&&y >=0 &&lIsvaidMove position j i X vy
AddMove j i X y nPly

/1

x=j-211 2

y=i+l // 1

int j

int nPly

®
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if x >=0&& y<10 &&lsvdidMove position j i X vy
AddMove j i x y nPly

/1

x=j-2 [l 2

y=i-1 /] 1

if x>=0&&y >=0 &&lsvaidMove position j i x vy
AddMove j i x y nPly

/1

x=j+1// 1

y=i+2 /] 2

if x<9&& y<10 &&lsvaidMove position j | X y
AddMove j i x y nPly

/1

x=j-11// 1

y=i+2 /] 2

if x >=0&& y<10 &&lsvdidMove position j i X vy
AddMove j i x y nPly

/1

x=j+1// 1

y=i-21// 2

if x<9&&y >=0 &&IsvaidMove position j i X vy
AddMove j i x y nPly

/1

x=j-1 /] 1

y=i-2 [l 2

if X >=0&&y >=0 &&IsvdidMove position j i X vy
AddMove j i x y nPly

% !
1]
/ Inply List

© void CMoveGeneratr - Gen_RPawnMove BYTE pasition 10 9
Lointiointj int nPly

intx y
int nChessID
NChessiD = position i



y=i-11/

X=]

if y>0&& IsSsameSde nChessiD position y X
AddMove j i x y nPly [/

if i<5 //

y =i

x=j+1 //

if x<9 && IsSameSde nChessiD position y X
AddMove | i x y nPly [/

x=j-111

if x>=0&& IsSameSde nChessiD position y X
AddMove j i x y nPly [/

/1

1]

¢ [Inply List

void CMoveGenerator  Gen_BPawnMove BYTE position 10 9
inti intj int nPly

intx y

int nChessID

NnChessiD = position i

y=i+1//

X=]

if y<10 && IsSameSde nChessID position y X
AddMove j i x y nPly //

if i >41/
y=i
x=j+1

if x<9 && IsSameSde nChessiID position y X
AddMove j i x y nPly [/

x=j-1

if x >=0&& IsSameSde nChessID position y X
AddMove j i x y nPly [/

®
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/1
/i

¢ [Inply List

. void CMoveGenerator  Gen_CarMove BYTE position 10 9 inti intj int nPly

intx vy

int nChessID
NnChessiD = position i |
/1

x=j+1

y =i

while x<9

if NOCHESS==podtion y X
AddMove j i x y nPly
else

if IsSameSide nChessiID position y X
AddMove j i x y nPly
break

X ++

/1
x=j-1

y=i

® L while x >=0

48

if NOCHESS==postion y X
AddMove j i X y nPly
else

if IsSameSde nChessiD position y X
AddMove j i x y nPly



break
X__
/1
X =]
y=i+11//
while y <10
if NOCHESS==pogtion y X
AddMove j i x y nPly
else
if IsSameSide nChessiID position y X
AddMove j i x y nPly
break
y++
/1
X =]
y=i-11/
while y>=0
if NOCHESS==position y X
AddMove j i x y nPly
else
if  IsSameSde nChesslD position y X 4%
AddMove j i x y nPly
break

/1
I1i ]



% : I Inply List

e : void CMoveGenerator  Gen_CanonMove BYTE position 10 9
inti intj int nPly

intx y

BOOL flag

int nChesslD
NnChessiD = position i
/1

x=j+1 /1

y =i

flag=FALSE

while x <9

if NOCHESS==postion y X /1

if flag //
AddMove j i x y nPly [/

else
if flag //
flag=TRUE
else
/1
if IsSameSide nChessID position y X
AddMove j i x y nPly
break
®
50
X++ [/
/1
x=j-1
flag=FALSE

while x>=0



if NOCHESS==position y x //

if flag //
AddMove j i x y nPly [/

else
if flag //
flag=TRUE
else
/1
if IsSameSide nChessID position 'y X
AddMove j i x y nPly [/
break
X-- 1l
/1
X=]
y=i+1
flag=FALSE
while y <10

if NOCHESS==postion y X

if flag
AddMove j i x y nPly

®
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else

if flag //
flag=TRUE
else
/1
if IsSameSide nChessiID position 'y X
AddMove j i x y nPly [/



=l =

y++

y=i-1 /1l
flag = FALSE
while y>=0

if NOCHESS==postion y X

if flag
AddMove j i x y nPly

else
if flag
flag=TRUE
else
if IsSameSide nChessiD position y X
AddMove j i x y nPly
break
y--

//end of CMoveGenerator. cpp

_____________________________________________________________________________________

-
o
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2 CSearchEngine

CSearchEngine



CSearchEngine SearchEngine. h
/ I SearchEngine. h interface for the CSearchEngine class
s ML LT T T T
#if defined AFX _ SEARCHENGINE _ H_ 2AF7A220 _ CB28 _ 11D5 _ AEC7 _
{ 5254AB2E22C7__INCLUDED

* #define AFX_SEARCHENGINE_H__2AF7A220_CB28_11D5 AECT_5254AB2E22C7__IN-

. CLUDED_

* #f_MSC_VER > 1000

_ #pragma once

* #endif //_MSC_VER > 1000
L #include " MoveGenerator. h"
#include " Eveluation. h"

{ Class CSearchEngine

. public
; CSearchEngine
virtual ~ CSearchEngine
/1
virtual SearchAGoodMove BYTE position 10 9 =0
/1
SetSearchDeepth int nDepth  m_nSearchDepth = nDepth
/1
SetEveluator CEveluation = pEval  m_pEval = pEval
/1
StMoveGenerator CMoveGenerator = pMG  m_pMG = pMG
¢ protected
/1
BYTE MakeMove CHESSMOVE = move
/1
void UnMakeMove CHESSMOVE = move BYTE type
/1
int IsGameOver BYTE position 10 9  int nDepth
/1
BYTE CurPosition 10 9
/1
CHESSMOVE m_cmBestMove

®
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/1

CMoveGenerator = m_pMG
/1

CEveluation * m_pEval

/1

int m_nSearchDepth

/1

int m_nMaxDepth

. #endif // defined AFX_SEARCHENGINE_H__2AF7A220_CB28_11D5_AEC7_
* 5254AB2E22C7__INCLUDED _

......................................................................................................................................................................................................................................................................................

CSearchEngine SearchAGoodMove
CSearchEngine

CSearchEngine SearchEngine. cpp

..................................................................................................................................................................................................................................................................................... -

/ I SearchEngine. cpp implementation of the CSearchEngine class
FOEHEEEEEEEEE i b rn b rni e n b bt i irne g

: #include " stdafx. h"

#include " chess. h"

#include " SearchEngine. h"

[ #ifdef _DEBUG

* #undef THIS FILE

{ satic char THIS FILE  =__FILE__
: #define new DEBUG_NEW

¢ #tendif

FHEEEEEEETEEE e e b e b

{//Construction/ Destruction

LEEEEEEEEPEEE e b e rn b i bt i

CSearchEngine  CSearchEngine

CSearchEngine  ~ CSearchEngine

delete m_pMG //



delete m_pEval //

/1
/ fmove
BYTE CSearchEngine MakeMove CHESSMOVE = move

BYTE nChessID
nChessiD = CurPosition move- >To.y move->To.x //
/1
CurPosition move- >To.y move- >To. X =
CurPosition move - >From.y move - > From. X
/1
CurPosition move- >From.y move- >From. X =NOCHESS
return nChessiD //

/1

/ I'move

i //nChessiD move

void CSearchEngine UnMakeMove CHESSMOVE = move BYTE nChessID

/1

CurPosition move- >From.y move- >From. x =
CurPosition move- >To.y move- >To. X

/1

CurPosition move- >To.y move- >To.x =nChessiD

/1
1 0 /
int CSearchEngine 1sGameOver BYTE position 10 9  int nDepth

intij
BOOL RedLive =FALSE BlackLive=FALSE
/1
for i=7 i<10 i++
for j=3 j<6 j++

if posiion i ] ==B_KING

®
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% BlackLive = TRUE

ST if position i j ==R_KING
: RedLive =TRUE

~
3

/]
foor i=0 i<3 i++
for j=3 j<6 j++

if postion i j ==B_KING
BlackLive = TRUE

if postion i ] ==R_KING
RedLive =TRUE

i = m_nMaxDepth - nDepth+1 % 2 //
if RedLive //
if i
return 19990 + nDepth  //
else
return - 19990 - nDepth //
if BlackLive //
if i
return - 19990 - nDepth //
else
return 19990 + nDepth  //
return 0 //

/ lend of CSearchEngine. cpp

Sttt ettt ettt et s et st ettt ettt ettt et teos ettt st ettt ~

® CSearchEngine 3 MakeMove — UnMakeMove 2
| sGameOver

CNegamaxEngine CSearchEngine
NegamaxEngine. h

..................................................................................................................................................................................................................................................................................... -

/ INegamaxEngine. h interface for the CNegamaxEngine class
S LT T T
#if  defined AFX_NEGAMAXENGINE_H__6C3A4902_CDED_11D5 AEC7_
¢ 5254AB2 E22C7__ INCLUDED_



#define AFX_NEGAMAXENGINE_H__ 6C3A4902_CDED_11D5_AEC7_5254AB2E22C7
. _ INCLUDED_

¢ #f _MSC_VER > 1000

#pragma once

¢ #endif //_MSC_VER > 1000

#include " SearchEngine. h"

class CNegamaxEngine  public CSearchEngine

‘' public

CNegamaxEngine

virtual ~ CNegamaxEngine

/1
A virtual SearchAGoodMove BYTE position 10 9
protected
] int NegaMax int depth  //

#endif // defined AFX_NEGAMAXENGINE_H__6C3A4902_CDED 11D5 AECT7_
¢ 5254AB2E22C7__ INCLUDED _

sttt st sttt bbbt ettt bt st st sttt et st st bl

CNegamaxEngine  CSearchEngine CSearchEngine
SearchAGoodMove NegaMax SearchAGoodMove
CNegamaxEngine CNegamaxEngine. cpp

/ INegamaxEngine. cpp implementation of the CNegamaxEngine class
L AT T T T
: #include " stdafx. h"
#include " chess. h"
#include " NegamaxEngine. h"
[ #ifdef _DEBUG
¢ #undef THIS FILE
{ satic char THIS FILE  =__FILE__
: #define new DEBUG_NEW
¢ #endif
HHELEEEEEEEE T rr b b ni il
/ / Construction/ Destruction
LHOTEEEEEEEEE i rr i pn i ri i ni i rirn

®
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)

‘% CNegamaxEngine CNegamaxEngine

~
3

CNegamaxEngine  ~ CNegamaxEngine

/1 position
Ly
CNegamaxEngine SearchAGoodMove BYTE position 10 9

/1 m_nSearchDepth
m_nMaxDepth = m_nSearchDepth

/1

memcpy CurPosition position 90
/1

NegaMax m_nMaxDepth

/1

MakeMove &m_cmBestMove

/1

memcpy position  CurPosition 90

/1
/ Idepth

int CNegamaxEngine NegaMax int depth

int current = - 20000

int score
int Count i
®
58 : BYTE type
1 i =1sGameOver CurPgsition depth //
if i =0
returni // /

if depth <=0 /1
return m_pEval - > Eveluate CurPosition m_nMaxDepth - depth %2
/1
/1
Count =m_pMG - > CreatePossibleMove CurPosition



depth  m_nMaxDepth - depth %2
foo i =0 i < Count i++

/1

type = MakeMove &m_pMG - >m_Movelist depth i

/1

score = - NegaMax depth - 1

/1

UnMakeMove &m pMG- >m Movelist depth i type
if score > current // score

current =score // score
if depth ==m_nMaxDepth

/11
m_cmBestMove =m_pMG - >m_Movelist depth i

return current //
/ lend of CNegamaxEngine. cpp

LT L L ET T, FPTL EPPOTL FNPTL P PPTL ENRPTL ERPTLE) -:‘

_____________________________________________________________________________________

CEveluation 2 Eveluation. h

—_ Eveluation. h




®

protected

.................................................................................................................................................................................................................................................................................... -

[ [Eveluation. h interface for the CEveluation class
.
¢ #f  defined AFX_EVELUATION_H_ 2AF7A221_CB28_11D5_AEC7_5254AB2E22C7__
. INCLUDED_

! #define AFX_EVELUATION_H__2AF7A221_CB28_11D5_AEC7_5254AB2E22CT7__
- INCLUDED_

¢ #f _MSC_VER > 1000

#pragma once

¢ #endif //_MSC_VER > 1000

/1
f// 100 250 250 500 350 350
- #define BASEVALUE_PAWN 100
! #define BASEVALUE_BISHOP 250
¢ #define BASEVALUE_ELEPHANT 250
| #define BASEVALUE_CAR 500
: #define BASEVALUE_HORSE 350
{ #define BASEVALUE_CANON 350
* #define BASEVALUE_KING 10000
/]

/1

/15 1 1 6 12 6 0

: #define FLEXIBILITY_PAWN 15

. #define FLEXIBILITY_BISHOP 1

* #define FLEXIBILITY_ELEPHANT 1
{ #define FLEXIBILITY_CAR 6

* #define FLEXIBILITY_HORSE 12

. #define FLEXIBILITY_CANON 6

¢ #define FLEXIBILITY_KING 0

_ class CEveluation  //

. public

CEveluation
virtua ~ CEveluation
/] BlsRedTurn

virtual int Eveluate BYTE position 10 9 BOOL blsRedTurn

/1



int GetRelatePiece BYTE position 10 9 intj inti

/1l From To ;

BOOL CanTouch BYTE position 10 9 @
int nFromX int nFromY int NnToX int nToY e

/1

AddPoint int x inty

int m_BaseValue 15 //

int m Flexvalue 15 //

short m_AttackPos 10 9 //

BYTE m _GuardPos 10 9 //

BYTE m_FlexibilityPos 10 9 //

int m chessvalue 10 9 //

int nPosCount //

POINT RelatePos 20 //

—
. /] defined AFX_EVELUATION_H__2AF7A221_CB28_11D5_AEC7_5254AB2E22C7
* _ INCLUDED

L L L L e L e L A L L oL T Aot ST Nt L RO L NPT P PL NPPL P! T RSO NPT N RTINSO ISP IR NS RSP 3

Eveluation. cpp

........................................................................................................................................................................................................................................................................ -

/ IEveluation. cpp implementation of the CEveluation class
S
#include " stdafx. h" ‘
#include " chess. h" 6.>1
¢ #include " Eveluation. h" ;
¢ #ifdef _DEBUG
L #undef THIS FILE
¢ gatic char THIS FILE  =__FILE__
. #define new DEBUG_NEW
* fendif
L1

/1




||

LT  constint BAO 10 9 =

0O 0 0o 0o o 0 0 0 O
90 90 110 120 120 120 110 90 90
90 90 110 120 120 120 110 90 90
70 90 110 110 110 110 110 90 70
70 70 70 70 70 70 70 70 70

0 0 0 00 0 0 0 O
0 0 0 0
0 0 0 00 0 0 0 O
0 0 0000 0 0 O
0 0 0 00 0 0 0 O
1
¢ congtint BAL 10 9 =
0 0 0 00 0 0 0 O
0 0 0 00 0 0 0 O
0 0 0000 0 0 O
0 0 0 00 0 0 0 O
0 0 0 0 0 0 O

70 70 70 70 70 70 70 70 70
70 90 110 110 110 110 110 90 70
90 90 110 120 120 120 110 90 90
90 90 110 120 120 120 110 90 90
0o 0 0 0 0 0 0 O O

I/
/11X y CurSituation
L
¢ int GetBingvalue int x inty BYTE CurStuation 9

®
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/1

if CurStuation y x ==R_PAWN
return BAO vy X

/1



if CurStuation y x ==B_PAWN
return BA1 y X

/1
return O

LEEETEEE R b n b b nn e n i b n i rn i rn i iy
/  Construction/Destruction
AL LT T T
CEveluation CEveluation

/1

m_BaseVaue
m_BaseValue
m_BaseVaue
m_BaseValue
m_BaseVaue
m_BaseValue
m_BaseVaue
m_BaseValue
m_BaseVaue
m_BaseValue
m_BaseVaue
m_BaseValue
m_BaseVaue
m_BaseValue
/1

m_FexvVaue
m_FlexValue
m_FlexvVaue
m_FlexValue
m_Flexvaue
m_FlexValue
m_Flexvaue
m_FlexValue
m_Flexvaue
m_FlexValue
m_FlexvVaue

B_KING =BASEVALUE_KING

B_CAR =BASEVALUE_CAR

B_HORSE =BASEVALUE_HORSE
B_BISHOP =BASEVALUE_BISHOP
B_ELEPHANT =BASEVALUE_ELEPHANT
B_CANON =BASEVALUE_CANON
B_PAWN =BASEVALUE_PAWN

R KING =BASEVALUE_KING

R CAR =BASEVALUE_CAR

R HORSE =BASEVALUE _HORSE

R BISHOP =BASEVALUE_BISHOP
R_ELEPHANT =BASEVALUE_ELEPHANT
R_CANON =BASEVALUE_CANON
R_PAWN =BASEVALUE_PAWN

B_KING =FLEXIBILITY_KING
B_CAR =FLEXIBILITY_CAR
B_HORSE =FLEXIBILITY_HORSE
B _BISHOP =FLEXIBILITY_BISHOP
B_ELEPHANT =FLEXIBILITY_ELEPHANT
B_CANON =FLEXIBILITY_CANON
B_PAWN =FLEXIBILITY_PAWN
R_KING =FLEXIBILITY_KING

R CAR =FLEXIBILITY_CAR
R_HORSE =FLEXIBILITY_HORSE
R BISHOP =FLEXIBILITY_BISHOP

®
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~
3

)

% m_FlexValue R_ELEPHANT = FLEXIBILITY_ELEPHANT
=" m_FlexValue R_CANON =FLEXIBILITY_CANON
‘ m_FlexValue R_PAWN = FLEXIBILITY_PAWN

CEveluation ~ CEveluation

* int count=0 //
/1l
/ [ position
. //blsRedTurn TRUE FALSE
int CEveluation Eveluate BYTE position 10 9 BOOL blsRedTurn

inti j k
int nChessType nTargetType
count ++ //

/1
memset m_chessValue 0 360
memset m_AttackPos 0 180
memset m_GuardPos 0 90
memset m_FlexibilityPos 0 90
/1 /
for i=0 i<10 i++
for j=0 j<9 j++

if position i ] =NOCHESS //
® o
64 nChessType =position i j //
1 GetRelatePiece position j i //

foo k=0 k<nPosCount k++ //

/1
nTargetType =
position RelatePos k .y RelatePos k . x
if nTargetType ==NOCHESS //
m_FlexibilityPos i | ++ //



else
1
if I1sSameSde nChessType nTargetType
I
m_GuardPos RelatePos k .y RelatePos k .x ++
else
/1
m_AttackPos RelatePos k .y RelatePos k . x ++
m_FlexibilityPos i j ++ [/
switch nTargetType

case R_KING //
if blsRedTurn //
return 18888 //
break
case B KING //
if blsRedTurn //
return 18888 //
break
default //
/1

m_AttackPos RelatePos k .y RelatePos k . x
+= 30+ m _BaseVaue nTargetType

- m_BaseVadue nChessType /10 /10
break

/1
/1
for i=0 i<10 i++
for j=0 j<9 j++

if position i j  =NOCHESS

®
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nChessType = position i | //

m_chessvalue i j ++ 0

/1

m_chessvValue i j +=m_FlexValue nChessType =
m_FlexibilityPos i j

/1

m chessvValue i j +=GetBingvalue j i position

/1l
int nHalfvalue
for i=0 i<10 i++
for j=0 j<9 j++

if position i ] =NOCHESS //
nChessType =pasition i j //
11 1/16 /

nHalfvalue = m_BaseValue nChessType /16

m chessvValue i j +=m BaseVaue nChessType
if IsRed nChessType //

if m AttackPos i | [/
if blsRedTurn

I
if nChessType ==R_KING

1
m_chessvalue i | -=20 // 20
ese
/1 2 nHafvaue
m_chessvValue i j - =nHafvaue * 2

if mGuadPos i | [//



m chessvalue i j +=nHalfvalue
/1 nHalfvalue @
else
I
if nChessType==R_KING //
return 18888
/1 10 nHalfvalue
m_chessValue i j - =nHalfvalue % 10
if mGuadPos i | //
m_chessvValue i j +=nHalfvalue*9
/1 9 nHalfvaue
/1
/1
m_chessvValue i j - =m_AttackPos i |
else
/1
if m GuardPos i ]
m_chessvValue i j +=51//
ese
/1
if m_AttackPos i |
1
if  blsRedTumn &

I
if nChessType==B_KING //

m_chessvValue i j -=20 // 20
ese
/1 2  nHafvalue
m_chessvVaue i ] - =nHafvaue % 2

if mGuadPos i j //
m_chessvValue i j +=nHafvalue



®

/1

/1 nHalfvalue

else
/1
if nChessType==B_KING //
return 18888 //
/1 10 nHafvalue
m_chessvValue i j - =nHafvalue 10
if mGuardPos i j [/
m_chessvaue i ] +=nHafvalue=9
1 9 nHafvaue
/1
/1
m _chessvVaue i | -=m AttackPos i |
else
/1
if m GuardPos i |
m _chessvalue i | +=5 //
/1
int nRedvValue =0
int nBlackValue =0
for i=0 i<10 i++
for j=0 j<9 j++
nChessType =position i | //
if nChessType =NOCHESS //
if IsRed nChessType
i /1

nRedValue +=m chessVaue i



ese
nBlackValue +=m chessVaue

if blsRedTurn
return nRedValue - nBlackVaue //
ese
return nBlackVaue - nRedValue //

-7 RelatePos
¢ CEveluation AddPoint int x inty

RelatePos nPosCount . X =X
RelatePos nPosCount .y =y
nPosCount ++

/1
/1

/ I position

FolIx y

. int CEveluation GetRelatePiece BYTE position 10 9

nPosCount =0

BYTE nChessiD

BYTE flag

int x y

NChessiD = position i
snitch nChessID

case R_KING //
case B_KING //
/1 /
/1
foo y=0 y<3 y++
for x=3 x<6 x++
if CanTouch position j i X vy
AddPoint x y // /

1

j

int j

/1

inti

®
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el ,

e . //
: for y=7 y<10 y++
foo x=3 x<6 x++

if CanTouch position j i x y [/
AddPoint x y // /
break
case R_BISHOP //
/1 /

for y=7 y<10 y++
foo x=3 x<6 x++

if CanTouch podition j i X vy
AddPoint x y // /
break
case B_BISHOP //
/1 /

foo y=0 y<3 y++
for x=3 x<6 x++
if CanTouch position j i X vy
AddPoint x y [/ /
break
case R_ELEPHANT //
case B_ELEPHANT //

1
X=j+2
y=i+2
if x<9&& y<10 && CanTouch position j i X ¥y
AddPoint x vy
LA /1
X=j+2
y=i-2
if x<9&& y>=0 && CanTouch position j i X
AddPoint x vy
1
X=j-2
y=i+2

if x>=0&& y<10 && CanTouch position j i X



AddPoint x vy

/1
X=j-2
y=i-2
if x>=0&& y>=0 && CanTouch position j i X y
AddPoint x vy
break
case R_ HORSE /1l
case B_ HORSE /1
/1 /
X=j+2
y=i+1
if x<9&& y<10 &&CanTouch position j i X ¥y
AddPoint X vy
/1 /
X=j+2
y=i-1
if x<9&& y>=0 &&CanTouch position j i X y
AddPoint x vy
1 /
X=j-2
y=i+1l
if x >=0&& y<10 &&CanTouch position j i X y
AddPoint X vy
/1 /
X=j-2
y=i-1
if x >=0&&y >=0 &&CanTouch position j i X y
AddPoint x vy
1 /
x=j+1
y=i+2
if x<9&& y<10 &&CanTouch position j i X ¥y
AddPoint x vy
/1 /
x=j-1

y=i+2

®
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if

1

x>=0 && y<10 &&CanTouch postion j
AddPoint x vy

x=j+1

y=i-2

if

X<9 && y >=0 &&CanTouch position |
AddPoint x vy

/1 /

x=j-1

y=i-2

if x>=0&&y>=0 &&CanTouch postion j
AddPoint x vy
break

cae R_CAR //

case B_ CAR //
I /
x=j+1
y =i
while x<9

if NOCHESS==podstion y x [/

AddPoint x vy
ese
/1
AddPoint x vy
break //
X++
I /
x=j-1
y =i
while x >=0

if NOCHESS==postion y X /1
AddPoint x vy

X

X

X

y

y

y



ese
/1
AddPoint x vy
break //
X_ -
/1 /
X =]
y=i+1 //
while y <10
if NOCHESS==podtiony x //
AddPoint x vy
ese
/1
AddPoint x vy
break
y++
1 /
X =]
y=i-1
while y>=0
if NOCHESS==podtiony x //
AddPaint x y ;
)
else P73
/1 :
AddPoint x vy
break
y- -
break

case R_ PAWN //



®
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/1
y=i-1
X=]

if y>=0

AddPoint x vy

if i<5
/1
y =i
x=j+1 //
if x<9

AddPoint x vy

x=j-11/
if x >=0

AddPoint x vy

break
case B PAWN
1
y=i+1
X=j
if y<10 //

AddPaoint x vy

if | >4
I
y =i
x=j+1 //
if x<9

AddPoint x vy

x=j-1//
if x >=0

AddPoint x vy

break
case B CANON //
case R CANON //
I
x=j+1

I

/11

/11

/1



y=i
flag=FALSE
while x<9

if NOCHESS==podtion y X
/1

if flag
AddPoint X vy
else
/1
if flag
flag=TRUE // 1
else
/1 2
AddPoint x vy
break
X++ [/
I /
x=j-1
flag=FALSE
while x>=0

if NOCHESS==podtion y X
/1
if flag
AddPoint x y

ese
/1
if flag
flag=TRUE // 1
else
/1 2

®
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PC
AddPoint x vy
break
x-- [/
/1 /
X=j
y=i+l
flag=FALSE
while y <10
if NOCHESS==postion y X
/1
if flag
AddPoint x vy
ese
/1
if flag
flag=TRUE // 1
else
/1l 2
AddPaint x vy
break
y++ [/
®
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I /
y=i-1
flag=FALSE
while y>=0

if NOCHESS==podtion y X
/1l
if flag



AddPoint x vy

ese
/1l
if flag
flag=TRUE // 1
else
/1 2
AddPoint x vy
break
y-- [/
break
default
break
return nPosCount
/1 position From To
/] TRUE FALSE

BOOL CEveluation CanTouch BYTE position 10 9
int nFromX int nFromY int nToX int nToY

inti j

int nMoveChessiID nTargetlD

if nFromY == nToY && nFromX ==nToX
return FALSE //

nMoveChessID = pasition nFromY  nFromX

nTargetlD = paosition nToY  nToX

snitch nMoveChessID

case B_KING
if nTargetiD==R KING //

if nFromX =nToX

®
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return FALSE
for i=nFromY +1 i<nToY i++
if pogition i nFromX =NOCHESS
return FALSE

else

if nToY > 2||nToX > 5] |nToX <3
return FALSE //

if abs nFromY - nToY +abs nToX - nFromX
return FALSE //

break
case R_BISHOP

if

nToY <7||nToX > 5||nToX <3

return FALSE //

abs nFromY - nToY =1]||abs nToX - nFromX
return FALSE /1

break
case B_BISHOP /1l

if

nToY > 2||nToX > 5||nToX <3

return FALSE //

abs nFromY - nToY =1]||abs nToX - nFromX
return FALSE 1

break
case R_ELEPHANT //

if

nToY <5

return FALSE //

abs nFromX - nToX =2| |abs nFromY - nToY
return FALSE //

> 1

position  nFromY +nToY /2 nFromX +nToX /2 =NOCHESS

return FALSE //

break
case B ELEPHANT //

if

nToY > 4
return FALSE //

if abs nFromX - nToX =2| |abs nFromY - nToY

=2



return FALSE //
if position nFromY +nToY /2 nFromxX +nToX /2 =NOCHESS @
return FALSE //
break
case B_PAWN /1
if nToY <nFromY
return FALSE //
if nFromY <5 && nFromY ==nToY
return FALSE //
if nToY - nFromY +abs nToX - nFromX > 1
return FALSE //
break
case R_PAWN /1l
if nToY > nFromY
return FALSE //
if nFromY > 4 && nFromY ==nToY
return FALSE //
if nFromY - nToY +abs nToX - nFromX > 1
return FALSE //
break
case R_KING
if nTargetiD==B_KING //

if nFromX =nToX
return FALSE //
foo i=nFromy -1 i > nToY i--
if position i nFromX =NOCHESS
return FALSE //

®
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else

if nToY <7]||nToX > 5| |nToX <3
return FALSE //

if abs nFromY - nToY +abs nToX - nFromX > 1
return FALSE //

break



®

cae B_CAR //
cae R_CAR //
if nFromY =nToY && nFromX =nToX
return FALSE 1
if nFromY ==nToY

/1
if nFromX <nToX
I
for i =nFromX +1 i<nToX i++
if position nFromY i =NOCHESS
return FALSE
else
I
for i =nToX+1 i<nFromX i++
if position nFromY i =NOCHESS
return FALSE
else
/1
if nFromY <nToY
/1l
for j=nFromY +1 j<nToY j++
if pogition j nFromX =NOCHESS
return FALSE
else
/1l
for j=nToY +1 j<nFromY j++
if pogition j nFromX =NOCHESS
return FALSE
break
case B HORSE

case R HORSE



if abs nToX - nFromX ==1 && abs nToY - nFromY ==2
|| abs nToX - nFromX ==2&&abs nToY - nFromY ==1 @
return FALSE //
if nToX - nFromX ==
/1
i =nFromX +1
j =nFromY

elseif nFromX - nToX ==
/1
i =nFromX - 1
j =nFromY

else if nToY - nFromY ==2
/1
i =nFromX
j =nFromY +1

elseif nFromY - nToY ==

81

1
i =nFromX
j =nFromY - 1
if position j i = BYTE NOCHESS
return FALSE //
break
case B_CANON
case R_CANON
if nFromY =nToY && nFromX =nToX . @

return FALSE /1
/1l
if position nToY nToX ==NOCHESS
/1l
if nFromY ==nToY
/1
if nFromX <nToX
/1



3

)

®
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for i=nFromX +1 i<nToX i++
if position nFromY i =NOCHESS
return FALSE

ese
/1
for i=nToX+1 i<nFromX i++
if position nFromY i =NOCHESS
return FALSE

else
/1l
if nFromY <nToY
/1
for j=nFromY +1 j<nToY j++
if pogition j nFromX =NOCHESS
return FALSE
else
/1
for j=nToY +1 j<nFromY j++
if pogition j nFromX =NOCHESS
return FALSE
/1
else
int count =0
if nFromY ==nToY
/1l

if nFromX <nToX
/1
for i =nFromX +1 i <nToX i ++
if podtion nFromY i  =NOCHESS



count ++ //
if count =1 //

return FALSE
ese
/1
for i=nToX +1 i <nFromX i ++
if podtion nFromY i =NOCHESS
count ++ //
if count =1

return FALSE //

else
/1
if nFromY <nToY
/1
for j=nFromY +1 j <nToY j++
if podtion j nFromX  =NOCHESS
count ++ //
if count =1
return FALSE //

else
/1
for j=nToY +1 j <nFromY j ++
if pogition j nFromX =NOCHESS
count ++ //

— ®
=1 . 83

if count
return FALSE //

break
default
return FALSE



..........................................

TRUE

return TRUE //

...........................................

//end of Eveluation. cpp
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New Game

®

6.4

Dialog

spinbutton

edit

listbox

IDD_NEWGAME

ID

ID

CNewGame CNewGame

wizard
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Search Engire @.

Samrch Oeapth I

4

6.3 New Game

Tes s P

Saach Emgine /

Search Daepih /
[Ewi =

In:_FLY

BEEH=SC e «
mE =0 EE

=%
/ | / B

I0C_LISTENGTHE IIE Ll

' #if  defined AFX_NEWGAME_H__B0962A80_D557_11D5_AECT 5254AB2E22C7 _ © gb
{ INCLUDED_

* #define AFX_NEWGAME_H__ B0962A80_D557_11D5_AEC7_5254AB2E22C7__ INCLUD-

. ED_

¢ #if _MSC_VER > 1000

#pragma once

¢ #endif //_MSC_VER > 1000

‘' //NewGame.h header file

/1
s



®

protected

/ | CNewGame dialog

class CNenGame public CDialog

/] Construction

¢ public

CNewGame CWnd * pParent = NULL / Istandard constructor
/1

int GetSelectedEngine  return m_nSelectedEngine

/1

int GetSelectedPly  return m_nSelectedPly

/ IDialog Data

/1 AFX_DATA CNewGame

enum IDD =IDD_NEWGAME

CSpinButtonCtrl m_SetPly //SpinButton

CListBox m_SearchEngineList //

/1 AFX_DATA

/ [ Overrides

/ I ClassWizard generated virtual function overrides

Il AFX_VIRTUAL CNewGame

protected

virtual void DoDataExchange CDataExchange = pDX / /DDX/DDV support
Il AFX_VIRTUAL

/ I1mplementation

int m_nSelectedEngine //

int m_nSelectedPly //

/ | Generated message map functions
[l AFX_MSG CNewGame
virtual void OnOK

virtual BOOL OnlnitDialog

Il AFX_MSG
DECLARE_MESSAGE_MAP

Il AFX_INSERT_LOCATION {
/ IMicrosoft Visual C ++ will insert additional declarations immediately before the previous

¢ line.
. dendif

/1 defined AFX_NEWGAME_H__B0962A80_D557 11D5 AEC7 5254AB2E22C7__IN- +

................................................................................................................................................................................................................................................................................



¢ [/NewGame. cpp implementation file
¢ #include " stdafx. h"

#include " chess. h"

#include " NewGame. h"

* #ifdef DEBUG

_ #define new DEBUG_NEW

* #undef THIS FILE

. gatic char THIS FILE  =_ FILE__

#endif
LI LTI 111 ]
/ | CNewGame dialog

. CNewGame CNewGame CWnd * pParent /  =NULL # /
CDidog CNenGame IDD pParent

/1 AFX_DATA_INIT CNenGame
[/ INOTE the ClassWizard will add member initidization here
/1 AFX_DATA_INIT

¢ void CNewGame DoDataExchange CDataExchange = pDX

CDialog DoDataExchange pDX

/1l AFX_DATA_MAP CNewGame

DDX_Contrd pDX IDC_PLY m_ SetPly

DDX_Contrd pDX [IDC_LISTENGINE m_SearchEngineList
/1 AFX_DATA_MAP

BEGIN_MESSAGE_MAP CNewGame CDialog
Il AFX_MSG _MAP CNewGame
Il AFX_MSG_MAP
END_MESSAGE_MAP
LEELEEETTE LT i i rrrg
{ [ /CNewGame message handlers
. void CNewGame  OnOK

®
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/11

/11

CDialog OnOK

CDialog OninitDialog

/1 listbox

)

//TODO Add extra validation here

BOOL CNewGame OnlnitDialog

m_nSelectedEngine = m_SearchEngineList. GetCurSel

m_nSelectedPly = m_SetPly. GetPos

//TODO Add extra initidlization here

m_SearchEngineList. AddString " Negamax Search Engine"
m_SearchEngineList. SetCurSel 0 //

m_SetPly. SetRange 1 15 //
m_SetPly. SetPos 3 // 3
return TRUE
//end of NewGame. cpp
CChessDlg
9x10 90 CChessDIg
%/ /member of CChessDIg
i BYTE m_ChessBoard 10 9 // CChessDIg
BITMAP
®
88 6.5
38 x38 BITMAP ID IDB_
CHESSBOARD
BITMAP 6.5
14 36 % 36
6.6 7 7
RGB 02550 BITVMAP ID
IDB_CHESSMAN
6.5 chessDlg. h chessDig VC

WM_MOUSE WM_LBUTTONDOWN WM_LBUT-



/IchessDIg. h  header file

.y

© #f defined AFX_CHESSDLG H_ 2B09B234 CA39 11D5 AEC7 5254AB2E22C7
. INCLUDED_

* #define AFX_CHESSDLG_H__2B09B234_CA39_11D5_AEC7_5254AB2E22C7__INCLUD-
. ED_

* #if _MSC_VER > 1000

#pragma once

¢ #fendif //_MSC_VER > 1000

. #include " define. h"

#include " SearchEngine. h"

#include " NegamaxEngine. h"

typedef struct _movechess

BYTE nChessiD

POINT ptMovePoint
MOVECHESS
.
¢ //CChessDIg dialog
. class CChessDlg  public CDialog

¢ //Construction
¢ public
CChessDlg CWnd = pParent = NULL / I standard constructor
/ I Dialog Data
/1 AFX_DATA CChessDlg
enum |IDD =1DD_CHESS DIALOG
CSatic m_Qutputlnfo
/1 AFX_DATA
/I ClassWizard generated virtual function overrides
/1 AFX_VIRTUAL CChessDIg
protected




)

~
3

virtual void DoDataExchange CDataExchange = pDX //DDX/DDV support
/1 ARX_VIRTUAL

¢/ /lmplementation
protected
: HICON m_hicon
/ | Generated message map functions
Il AFX_MSG CChessDIg
virtual BOOL OnlnitDialog
afx_msg void OnPaint
afx_msg HCURSOR OnQueryDraglcon
afx_msg void OnLButtonDown UINT nFlags CPoint point
afx_msg void OnLButtonUp UINT nFlags CPaint point
afx_msg void OnMouseMove UINT nFlags CPaint point
afx_msg voild OnNewgame
11 AFX_MSG
! DECLARE_MESSAGE_MAP
private
] BYTE m ChessBoard 10 9 //
BYTE m_BackupChessBoard 10 9 //
MOVECHESS m_MoveChess //
POINT m_ptMoveChess //
CBitmap m_BoardBmp //bitmap
ClmageList m_Chessman // ImageList
int m_nBoardWidth //
int m_nBoardHeight //
CSearchEngine = m _pSE //

/1 AFX_INSERT_LOCATION

30 /IMicrosoft Visual C ++ will insert additional declarations immediately before the previous
¢ line. :
¢ fendif
;: /] defined AFX_CHESSDLG H__ 2B09B234 CA39 11D5 AEC7 5254AB2E22C7
* __INCLUDED_

......................................................................................................................................................................................................................................................................................

CChessDlg chessDlg. cpp



.................................................................................................................................................................................................................................................................................... -

/IchessDIg. cpp  implementation file
.y
¢ #include " stdafx. h"
#include " chess. h"
#include " chessDIg. h"
#include " newgame. h"
#include " MoveGenerator. h"
. #ifdef _DEBUG
? #define new DEBUG_NEW
: #undef THIS FILE
¢ satic char THIS FILE  =__FILE__
- #endif
LILLLI I EELE LTI I
: //CAboutDlg dialog used for App About
| #define BORDERWIDTH 15 //
: #define BORDERHEIGHT 14 //
{ #define GRILLEWIDTH 39 //
: #define GRILLEHEIGHT 39 //
-y
¢ const BYTE InitChessBoard 10 9 =

B_CAR B_HORSE B_ELEPHANT B BISHOP B_KING
B_BISHOP B_ELEPHANT B HORSE B_CAR
NOCHESS NOCHESS NOCHESS NOCHESS NOCHESS
NOCHESS NOCHESS  NOCHESS NOCHESS
NOCHESS B_CANON NOCHESS NOCHESS NOCHESS
NOCHESS NOCHESS  B_CANON NOCHESS
B_PAWN NOCHESS B_PAWN NOCHESS B PAWN NOCHESS
B_PAWN NOCHESS B_PAWN
NOCHESS NOCHESS NOCHESS NOCHESS  NOCHESS
NOCHESS NOCHESS  NOCHESS NOCHESS
NOCHESS NOCHESS NOCHESS NOCHESS NOCHESS
NOCHESS NOCHESS  NOCHESS NOCHESS
R PAWN NOCHESS R_PAWN NOCHESS R_PAWN NOCHESS
R_PAWN NOCHESS R_PAWN
NOCHESS R_CANON NOCHESS NOCHESS NOCHESS
NOCHESS NOCHESS R _CANON NOCHESS

®
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)

®
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NOCHESS NOCHESS NOCHESS NOCHESS NOCHESS

{ NOCHESS NOCHESS  NOCHESS NOCHESS

R CAR R HORSE R ELEPHANT R _BISHOP R _KING

. R BISHOP R _ELEPHANT R HORSE R CAR

FEOEEETEEEEEE i e r e e e r i rry

¢ //CChessDIg dialog
i CChessDlg CChessDIg CWnd # pParent / = =NULL * /

CDialog CChessDIg IDD pParent

m_hlcon = AfxGetApp - >Loadlcon IDR_MAINFRAME

? void CChessDIg DoDataExchange CDataExchange  pDX

CDialog DoDataExchange pDX

/1 AFX_DATA_MAP CChessDIg

DDX_Contrd pDX [IDC_NODECOUNT m_Qutputinfo
/1 AFX_DATA_MAP

: BEGIN_MESSAGE_MAP CChessDlg CDialog

/I AFX_MSG_MAP CChessDlg
ON_WM_PAINT

ON_WM_QUERYDRAGICON
ON_WM_LBUTTONDOWN
ON_WM_LBUTTONUP

ON_WM_MOUSEMOVE

ON_BN_CLICKED IDC_NEWGAME OnNewgame
/I AFX_MSG_MAP

. END_MESSAGE MAP

FECEEETEEEEEE i e r e e e r e rry

/ /CChessDIg message handlers
2
. BOOL CChessDlg OnlnitDialog

CDialog OninitDialog
/1Set icon for this dialog.  The framework does this automatically
/ Iwhen the application’ s main window is nat a dialog



Seticon m_hicon TRUE /1St big icon @

Setlicon m_hlcon FALSE /1Set small icon
//TODO Add extra initialization here
/1 ImgList

m_Chessman. Create IDB_CHESSMAN 36 14 RGB 0 255 0
/1

BITMAP BitMap

m_BoardBmp. LoadBitmap 1DB_CHESSBOARD

m_BoardBmp. GetBitmap &BitMap //  BitMap
m_nBoardWidth = BitMap. bmWidth //

m_nBoardHeight = BitMap. bmHeight //

m_BoardBmp. DeleteObject

memcpy m_ChessBoard [nitChessBoard 90 //
CMoveGenerator = pMG

CEveluation = pEvel

m_pSE = new CNegamaxEngine //

pMG = new CMoveGenerator //

pEvel =new CEveluation //

m_pSE - > SatSearchDepth 3 // 3

m_pSE - > SetMoveGenerator pMG //

m_pSE - > SetEveluator pEvel 7/

m_MoveChess. nChessID = NOCHESS  //

return TRUE  //return TRUE unless you set the focus to a control

L /] WM_PAINT
¢ void CChessDlg  OnPaint

CPaintDC dc this
CDC MemDC o
inti j 1
POINT pt
CBitmap * pOldBmp
MemDC. CreateCompatibleDC &dc
m_BoardBmp. LoadBitmap 1DB_CHESSBOARD
pOldBmp = MemDC. SelectObject &m_BoardBmp
for i=0 i<10 i++

for j=0 j<9 j++




el

e if m ChessBoard i j ==NOCHESS

: continue

pt. x = * GRILLEHEIGHT +14

pt.y =i % GRILLEWIDTH +15

m_Chessman. Draw &MemDC m ChessBoard i | -1
pt ILD_TRANSPARENT

/1
if m_MoveChess. nChessiID =NOCHESS
m_Chessman. Draw &MemDC m_MoveChess. nChessID - 1

m_MoveChess. ptMovePoint  ILD_TRANSPARENT

/1

dc. BitBIlt 0 0 m_nBoardWidth m_nBoardHeight
&MemDC 0 0 SRCCOPY

MemDC. SelectObject &pOldBmp  // Dc

MemDC. DeleteDC  // DC

m_BoardBmp. DeleteObject  //

/ I'The system calls this to obtain the cursor while the user drags
. //the minimized window.
¢ HCURSOR CChessDlg  OnQueryDraglcon

return HCURSOR m _hicon

/1l WM_LBUTTONDOWN
¢ void CChessDlg OnLButtonDoan UINT nFlags CPaint point

5)4 //TODO Add your message handler code here and/or call default

int x y

/1

y= point.y- 14 /GRILLEHEIGHT

Xx= point.x- 15 /GRILLEWIDTH

/1

memcpy m_BackupChessBoard m_ChessBoard 90

/1

if pont.x > 0 && point.y > 0 && point. x < m_nBoardWidth



&& point. y < m_nBoardHeight && IsRed m ChessBoard y X @

memcpy m_BackupChessBoard m_ChessBoard 90 //
1

m_ptMoveChess. X =x

m_ptMoveChess. y =y

m_MoveChess. nChessID =m_ChessBoard y X

1

m_ChessBoard m_ptMoveChess.y m_ptMoveChess. x = NOCHESS
/1

point. X - =18

point.y - =18

m_MoveChess. ptMovePoint = point
InvalidateRect NULL FALSE //
UpdateWindow

SetCapture  //

CDialog OnLButtonDown nFlags point

extern int count //
L1 WM_LBUTTONUP
¢ void CChessDlg  OnLButtonUp UINT nFlags CPaint point

//TODO Add your message handler code here and/or call default
BOOL bTurnSde =FALSE
int timecount
intxy
/1
y= point.y- 14 /GRILLEHEIGHT 9'%
X = point.x- 15 /GRILLEWIDTH ;
/1
if m_MoveChess. nChessID &&

CMoveGenerator  IsValidMove m_BackupChessBoard

m_ptMoveChess. x m_ptMoveChess.y X y

m_ChessBoard y X =m_MoveChess. nChessID
bTurnSde = TRUE



= dse//

memcpy m_ChessBoard m_BackupChessBoard 90
/1
m_MoveChess. nChesslD = NOCHESS
/1
InvalidateRect NULL FALSE
UpdateWindow
/1

ReleaseCapture
if bTurnSde ==TRUE

timecount = GetTickCount /1

m_pSE - > SearchAGoodMove m_ChessBoard  //

CString sNodeCount

/1

sNodeCount. Format " %d ms. %d Nodes were eveluated. "
GetTickCount - timecount count

m_Qutputlnfo. SetWindowText sNodeCount //

count =0 //

/1

InvalidateRect NULL FALSE
UpdateWindow

CDialog OnLButtonUp nFlags point

» /[/WM_MOUSEMOVE
¢ void CChessDlg OnMouseMove UINT nFlags CPaint point

®

//TODO Add your message handler code here and/or call default
if m_MoveChess. nChessID

/1

if point.x<15 //
point. x =15

if point.y<15 //
point.y =15



if point.x > m_nBoardWidth- 15 //
point. x =m_nBoardWidth - 15

if point.y > m_nBoardHeight - 15 //
point. y =m_nBoardHeight - 15

/1

point. x - =18

point.y - =18

m_MoveChess. ptMovePoint = point //
/1

InvalidateRect NULL FALSE
UpdateWindow  //

CDialog OnMouseMove nFlags point

. New Game
¢ void CChessDlg  OnNewgame

//TODO Add your contral ncatification handler code here
CMoveGenerator = pMG
CEveluation = pEvel
CNewGame newGameDIg // NewGame
if newGameDlg. DoModal ==1DOK
/1
if m_pSE
delete m pSE //

/1 snitch

/1

switch newGameDIg. GetSelectedEngine

®
97
caxe 0

m_pSE = new CNegamaxEngine
break

default
m_pSE = new CNegamaxEngine
break

1



3

)

®

m_pSE - > SatSearchDeepth  newGameDIg. GetSelectedPly
pEvel = new CEveluation

ese //
return
memcpy m_ChessBoard [nitChessBoard 90 //
m_MoveChess. nChessID = NOCHESS //
pMG = new CMoveGenerator //
m_pSE - > SetMoveGenerator pMG  //
m_pSE - > SetEveluator pEvel  //
/1
InvalidateRect NULL FALSE
UpdateWindow

12
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Alpha-Beta Transpositon Table /
7 7.1 Alpha-Beta e

102 D E F Q e

16 18
alpha 3§ £ 7 beta 37 H 741
AR KABHG W & Omﬁd\{ﬁgﬁ;é
7.1
7.1

B 18 D 16 C



16 A

EF A
Alpha alpha cutoff
7.1
18 C 18
8 C EF A
D Beta beta cutoff
Alpha Beta minimax Alpha-Beta?
cC
/1 alpha-beta

int AlphaBeta nPly nAlpha nBeta

if game over
return Eveluation  //
if nPly =
return Eveluation  //
if IsMin Node //
I
for each possblemovem // m

meke move m //

score = aphabeta nPly- 1 nAlpha nBeta //
unmake move m //

if score < nBeta

nBeta = score //
if nAlpha >= nBeta
return nAlpha //alpha

)
103
return nBeta //

Else
/1l

@ 1958 Brudno 1963
Bounds and Valuations for Abridging the Search of Esimates Problems of Cybernetics



~
3

)

> for each possble movem // m
e meke move m //

score = aphabeta nPly- 1 nAlpha nBeta //
unmake move m //
if score > nAlpha
/1
nAlpha = score
if nAlpha >= nBeta
return nBeta //beta

return nAlpha //

//end of alphabeta pseudocode

Alpha-Beta
Alpha-Beta

Alpha-Beta
Alpha-Beta a-
pha beta

.....................................................................................................................................................................................................................................................................................

/ | alpha-beta search with Negamex frame
int aphabeta int nPly int apha int beta

1 if Game over
304 return eval /1
{ if nPly<=20
return eval /1
for each possble move m //

meke move m //

/1

score = - dphabeta nPly- 1 - beta - apha
unmake move m //

if score >= dpha



apha = score //
if apha >= beta
break //beta

return apha //

1928 Alpha-Beta
Alpha-Beta
Alpha Beta
7.1 Alpha Beta
Alpha-Beta
Knuth  Moore Alpha-Beta
W d+1 /2 + Vvd/2 + 1
w d
2 Minimal Tree
Alpha-Beta
Alpha-Beta
Alpha-Beta
|
Alpha-Beta
CAlphaBetaEngine CSearchEngine CNegamax
CSearchEngine AlphaBetaEngine. h
SearchAGoodMove 1:5
Alpha-Beta AlphaBetaEngine. h

.............................................................................................................................................................................................................................................................................

/1 AlphaBetaEngine. h interface for the CAlphaBetaEngine class
LTI LT
. #f defined AFX_ALPHABETAENGINE_H—6C3A4901_CDED_11D5_AEC7_5254AB2E22C7—.
¢ INCLUDED_
#define AFX _ALPHABETAENGINE H—6C3A4901 CDED _11D5 AEC7 _5254ABZE22C7—§:
¢ INCLUDED_
~ #f_MSC_VER >1000



(e )

| | ¢ t#oragma once
% ! #endif // _MSC_VER > 1000
= - #include " SearchEngine. h"
class CAlphaBetaEngine  public CSearchEngine

public
CAlphaBetaEngine
virtual ~ CAlphaBetaEngine
/1
{ virtual SearchAGoodMove BYTE position 10 9
protected
/ | alpha-beta
int alphabeta int depth int apha int beta

. # endf // defined APX_ALPHABETAENGINE_H—6C3A01_CDED_11D6_AECT_S2SAARPEZCT—.
¢ INCLUDED_ :

....................................................................................................................................................................................................................................................................................

AlphaBetaEngine. h SearchAGoodMove aphabeta
SearchAGoodMove
CalphaBetaEngine AlphaBetaEngine. cpp

......................................................................................................................................................................................................................................................................................

/1 AlphaBetaEngine. cpp implementation of the CAlphaBetaEngine class

ST T T T
: #include " stdafx. h"
#include " chess. h"
#include " AlphaBetaEngine. h"
| #ifdef_DEBUG
: #undef THIS FILE

| static char THIS FILE  =—FILE—
6 #define new DEBUG_NEW
¢ stendif
IR NNy,
/| Construction/Destruction
THOEEEEEIEERE i rr i i b ri i rt
{ CAlphaBetaEngine CAlphaBetaEngine

CAlphaBetaEngine  ~ CAlphaBetaEngine



CAlphaBetaEngine SearchAGoodMove BYTE position 10 9

memcpy CurPosition position 90 // CurPosition
m_nMaxDepth = m_nSearchDepth //

aphabeta m _nMaxDepth - 20000 20000 // alphabeta
MakeMove &m cmBestMove //

memcpy position CurPosition 90 //

/| dphabeta

/1 depth

/] dpha

¢ [/ beta

s int CAlphaBetaEngine alphabeta int depth int alpha int beta

int score
int Count i
BYTE type
i = IsGameOver CurPosition depth //
if i =0

returni //
if depth <=0 1

return m_pEval - > Eveluate CurPosition m_nMaxDepth_depth %2
/1 m_pMG - >m_Movelist
Count = m pMG - > CreatePossibleMove CurPosition

depth  m_nMaxDepth - depth %2

for i=0i<Counti++ [/

/1

type = MakeMove &m _pMG- >m _Movelist depth i
/1

score = - alphabeta depth- 1 - beta - alpha

1

UnMakeMove &m pMG- >m_Movelist depth i type
if score > apha

apha = score //
if depth == m_nMaxDepth
m_cmBestMove = m_pMG - >m_Movelist depth i

®
07



/11

if apha >= beta
break //

return alpha //

ettt sttt tiasttiastietsteststieet et tiastatstiestieststiest st i

CNenGame  CChessDIg
New Game
newGame. cpp OninitDiaog
/ lin the newGame. cpp
BOOL CNewGame OnlinitDialog

CDialog OninitDialog

/] TODO Add extra initialization here
m_SearchEngineList. AddString " Negamax Search Engine"
/1 AlphaBeta

m_SearchEngineList. AddString " AlphaBeta Search Engine"
m_SearchEnginelList. SetCurSel 0

m_SetPly. SetRange 1 15

m_SetPly. SetPos 3

return TRUE

/1 return TRUE unless you set the focus to a contral

ettt bt st s st st s s e b as e bbb st ot st e st s bt s s s bbb

.....................................................................................................................................................................................................................................................................................

//in the chessdlg. h
* #include " AlphaBetaEngine. h"

B L P L L A L L A e L e L P e, T oL L PP PO PP, PO PPL FPtL FAPPL PP PO FRPL PRRPOL PR SRR I

......................................................................................................................................................................................................................................................................

+ //in the ChessDIg. cpp
¢ void CChessDlg  OnNewgame

/1 TODO Add your contrd natification handler code here
CMoveGenerator = pMG



CEveluation = pEvel
CNewGame newGameDlg

if

newGameDIlg. DoModal =

if m pSE
delete m pSE

= |IDOK

switch newGameDlg. GetSelectedEngine

cae0 // NewGame Dialog 0
m_pSE = new CNegamaxEngine // Negamax
break

cael // NewGame Dialog 1
m_pSE = new CAlphaBetaEngine // apha-beta
break

default

m_pSE = new CNegamaxEngine // Negamax

break

m_pSE - > SetSearchDepth  newGameDIg. GetSelectedPly
pEvel = new CEveluation

Hew Game

Search Engine:

Megamax Search Engine

AlphaBeta Search Engine

Search Deepth

=]

7.2
Negamax Search Engine  AlphaBeta Search Engine

@®
109
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. AlphaBeta Search Engine 1~5
= - Alpha-Beta
1~4
1
1 2 3 4
Negamax 1 30 |1240| 44660
Alpha-Beta 1 10 | 200 1940
Alpha-Beta 1 /ms
1 2 3 4
Negamax 45 |1500 |68 045| 2 416 234
Alpha-Beta 45 | 510 |10537| 103 457
Alpha-Beta 1
Alpha-Beta
4 20
3 7.2 Fail-soft alpha-beta e
Alpha-Beta
alphabeta depth alpha beta
dpha beta - + apha
beta
apha beta
3 alpha beta
?10 alpha beta
Alpha-Beta
Alpha-Beta apha apha
Alpha-Beta score Alpha-Beta
Fail-soft apha-beta
/I C Fail-soft apha-beta search

©int FAIphaBeta int depth it alpha int beta

int current = - INFINITY //current =



if game over or depth <=0 //
return eval /1

if depth <=0 //
return eval /1

for each possble move m //

make move m //
score = - FAIphaBeta depth- 1 - beta - apha //
unmake move m //

if score > current

current = score //
if score >= apha

alpha = score // alpha
if score >= beta

break //beta

return current //

[ lend of Fail-soft alpha-beta

R P L L L L L e O L e O L L Ty P L P PO L PO, POT FPL FPOL PO PP, FPOLPNPOL PP INRRL I

apha beta Falphabeta
apha Falphabeta
beta
Alpha-Beta Fail-soft alpha-beta Alpha-Beta
Fail-soft apha-beta
|
®
111
Alpha-Beta Fail-soft alpha-beta
CsearchEngine SearchAGoodMove

FAlphaBetaEngine. h

/| FAlphaBetaEngine. h interface for the CFAlphaBetaEngine class
Ny,
L #if  defined AFX_FALPHABETAENGINE _H—6C3A4908_CDED_1105_AECT _5254AREZCT—:
> INCLUDED_
" #define AFX_FALPHABETAENGINE_H—6C3A4908 CDED 1105 AECT S254AB2E2C7—INCLUDED *



C_Pe )
¢ #if _MSC_VER > 1000

% #pragma once
= - ¢ #endif // _MSC_VER > 1000
¢ #include " SearchEngine. h"

class CFAIphaBetaEngine  public CSearchEngine

: public
] CFAlphaBetaEngine
virtual ~ CFAIphaBetaEngine
/1
virtual SearchAGoodMove BYTE position 10 9
{ protected
/ Ifail-soft apha-beta
int FAlphaBeta int depth int dpha int beta

# endif //  oefined AFX _ FALPHABETAENGINE _H—6C3A4008 CDED _ 1105 _ AECY _
¢ EXAABPE2C7T—INCLUDED

.....................................................................................................................................................................................................................................................................

....................................................................................................................................................................................................................................................................

/'l FAlphaBetaEngine. cpp implementation of the CFAIphaBetaEngine class
NNy
: #include " stdafx. h"

{ #include " chess. h"
#include " FAlphaBetaEngine. h"
¢ #ifdef_DEBUG
* #undef THIS FILE
. stic char THIS FILE = —FILE—
* #define new DEBUG_NEW
® 1, | tendif
LIEEETEEEEEEE i b it nn i i rr
¢ // Construction/Destruction
LHELEETEEEEE i n b rin i nr i nin i i nrrrrgl
{ CFAlphaBetaEngine CFAlphaBetaEngine

®

: CFAlphaBetaEngine  ~ CFAIphaBetaEngine



/1
. CFAlphaBetaEngine SearchAGoodMove BYTE position 10 9 @

memcpy CurPosition position 90 //
m_nMaxDepth = m_nSearchDepth //

/1 fail-soft alpha-beta

FAlphaBeta m_nMaxDepth - 20000 20000
MakeMove &m cmBestMove //

memcpy position  CurPosition 90 //

int CFAIphaBetaEngine FAlphaBeta int depth int apha int beta

int current = - 20000 // current
int score
int Count i
BYTE type
i = IsGameOver CurPosition depth //
if i =0

returni // /
if depth<=0 /1

return m_pEval - > Eveluate CurPosition m_nMaxDepth_depth %2
Count = m_pMG - > CreatePossibleMove CurPosition

depth  m_nMaxDepth - depth %2

for =0 i<Count i ++

type = MakeMove &m _pMG- >m _Movelist depth i
score = - FAIphaBeta depth- 1 - beta - apha
UnMakeMove &m pMG- >m_Movelist depth i type
if score>current

i@
1 113
current =score //
if depth =m_nMaxDepth //
m_cmBestMove =m_pMG - >m_Movelist depth i
if score>=apha
adpha=score // apha
if score >=bheta
break //beta



» return current //
= - / lend of FAlphaBetaEngine. cpp
NewGame chessDlg. cpp
Fail-soft alpha-beta
Fail-soft alpha-beta  Alpha-Beta
77.3 Aspiration Search e
Alpha-Beta Fail-soft apha-beta
Alpha-Beta
Alpha-Beta
aphabeta depth - INFINITY [INFINITY
INFINITY - IN-
FINITY ~ INFINITY apha beta
- INFINITY  INFINITY
apha beta
apha beta apha beta
X alpha =x - window win-

dow
window X +window

apha = value beta = INFINITY

3
@ Value
©) Value=x + window
®
114 dow
ue INFINITY
€) V<X - window

apha = - INFINITY beta = INFINITY

FINITY vaue

beta = x + window

Vaue = FAlphabeta depth x -
window

X - window X +window

BestMove
X +win-
fail high
value
FAlphabeta depth val-

X - window
fail low
value

FAlphabeta depth - IN-



. /I C
¢ int alpha = X - WINDOW
{ int beta = X + WINDOW
s ofor
score = FAlphabeta depth apha beta
if score <= adpha
apha = - WIN
elseif score >= beta
beta = WIN
else break
/1 Falphabeta Fail-soft apha-beta
2
X
depth - 1
depth X depth - 1 depth
1/15 1/5
J. Schaeffer @®
Alpha-Beta
®
115
Alpha-Beta Aspir-
ationSearch. h Fail-soft alpha-
beta CFAlphaBeta FalphaBeta

.........................................................................................................................................................................................................................................................................

/1 AspirationSearch. h  interface for the CAspirationSearch class
TELEETTEEDEEEE i b e n i i e i i
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116 |

¢ #if  defired APX_ASPIRATIONSEARCH H—QU33FED_EX5_11D5_AECT 5254AB2E22CT—

INCLUDED _

. # define APX_ASPIRATIONSEARCH_H—QU33F4ED 3% 1105 AECT 5254ABE22C7—INCLUDED. &
¢ #if _MSC_VER > 1000
#pragma once

¢ #endif // _MSC_VER > 1000

#include " FAlphaBetaEngine. h"

. class CAspirationSearch  public CFAlphaBetaEngine

. public

CAspirationSearch

virtual ~ CAspirationSearch

/1

virtual SearchAGoodMove BYTE position 10 9

¢ #endif //  defined AFX_ASPIRATIONSEARCH_H—QDB3F4ED_E365_11D5_AEC7_S254ABPEZ2CT—

INCLUDED_

................................................................................................................................................................................................................................................................................... 53

CaspirationSearch CFAlphaBeta

FalphaBeta SearchAGoodMove

..............................................................................................................................................................................................................................................................

/1 AspirationSearch. cpp implementation of the CAspirationSearch class
PEETLEEEET i b i e n i b bt b i e rrnn g

: #include " stdafx. h"

¢ #include " chess. h"

#include " AspirationSearch. h"

| #ifdef_DEBUG

* #undef THIS FILE

{ datic char THIS FILE  =—FILE—
* #define new DEBUG_NEW
 #endif

[HLEELEEE It ririrrnr
/| Construction/Destruction
[HELEELETEEE i iiirng

CAspirationSearch  CAspirationSearch

CAspirationSearch  ~ CAspirationSearch



/11

! CAgpirationSearch  SearchAGoodMove BYTE pasition 10 9
intxy @
memcpy CurPosition position 90
/l

m_nMaxDepth = m_nSearchdepth - 1

x =FAlphaBeta m_nMaxDepth - 20000 20000

/1

m_nMaxDepth = m_nSearchDepth

y = FAlphaBeta m nMaxDepth x- 50 x+50

if y < x-50 //fail-low re-search
FAlphaBeta m_nMaxDepth - 20000 vy

if y >x+50 //fail-high re-search
FAlphaBeta m_nMaxDepth y 20000

MakeMove &m cmBestMove //

memcpy position CurPosition 90 //

return O

/lend of AspirationSearch. cpp

CaspirationSearch New Game 7.1
CChessDlg 4
Alpha-Beta
37.4 Minimal Window Search/PVS |
Alpha-Beta 1
®
ab % vv+1 117
fall
high v+lb fail low
vv+l
fail high

PVS Principal Variation Search
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/I C Principal Variation

© int PrincipalVariation depth alpha beta

if Game Over
return Evaluate pos //
if depth ==
return Evaluate pos //
make move m //
/1
best = - PrincipaVariation depth- 1 - beta - apha
unmake move m //
for each possble movem //

if best < beta

if best > apha
alpha = best
make move m //
/1
value = - PrincipalVariation

depth- 1 - dpha-1 - dpha

/1l fail-high
if value > apha && value < beta
best = - PrincipaVariation
depth- 1 - beta - value
eseif value > best
best = value //
unmake move m //

return best //

/lend of PrincipalVariation

....................................................................................................................................................................................................................................................................................

...................................................................................................................................................................................................................................................................

PVS NegaScout

Alpha-Beta

A. Reinefeld

1982



NegaScout Alpha-Beta O Reinefeld

—————————————————————————————————————————————————————————————————————————————————————

PVS Engine. h
/1 PVS_Engine. h interface for the CPVS_Engine class
ST LTI
#if  defined ARX_PVS ENGINE H—8E7D8B20 DB 1105 AECT 52SAAB2E22C7—INCLUDED
#define AFX_PVS- ENGINE_H—S8E7D8B20 DB 11D5 AEC7 5254AB2E22C7—INCLUDED
¢ #if _MSC_VER > 1000
#pragma once
¢ #endif // _MSC_VER > 1000
#include " SearchEngine. h"
¢ Class CPVS Engine public CSearchEngine

public
: CPVS Engine
virtual ~ CPVS_Engine
/1
; virtual SearchAGoodMove BYTE position 10 9
protected
/IPVS
int Principal Variation int depth int apha int beta

¢ endif //  defined AFX_PVS ENGINE. H—8E7DBR0 DB 1105 AECT SSAARE2C7—INCLUDED. |

R e R PO R L AT PR Rweet o}

.............................................................................................................................................................................................................................................................................

/1 PVS Engne. cpp implementation of the CPVS Engine class
s AT T
#include " stdafx. h"
#include " chess. h"

() A. Reinefeld. Spidbaum-Suchverfahren. Informatik-Fachbericht 200 Springer-Verlag Berlin 1989 IS
BN 3-540-50742-6



(e )

) ¢ #include "PVS_Engine. h"
% © #ifdef_DEBUG

—7)| | ¥ #undef THIS FILE

. stic char THIS FILE = —FILE—
* #define new DEBUG_NEW
_ tendif
T
/1 Construction/Destruction
.
. CPVSEngne CPVS Engine

CPVS Engine ~CPVS_Engine

CPVS Engine SearchAGoodMove BYTE position 10 9

/1 m_nSearchDepth
m_nMaxDepth = m_nSearchDepth
/1

memcpy CurPosition position 90
/1 PVS

PrincipalVariation m_nMaxDepth - 20000 20000
MakeMove &m cmBestMove //

/1

memcpy pasition CurPosition 90

: /IPVS
. int CPVS Engine PrincipalVariation int depth int alpha int beta

®

120,
int score
int Count i
BYTE type
int best
/1
i = IsGameOver CurPosition depth
if i =0
returni //
if depth <=0 /1



return m_pEval - >Eveluate CurPosition m_nMaxDepth - depth %2

/1 i "
Count = m pMG_ > CreatePossibleMove CurPosition @
depth  m_nMaxDepth - depth %2

/1

type = MakeMove &m pMG - >m Movelist depth 0

/1

best = - PrincipalVariation depth- 1 - beta - alpha

/1

UnMakeMove &m pMG - >m_MovelList depth 0 type
if depth == m_nMaxDepth //

m_cmBestMove = m_pMG - >m_MovelList depth i
for i=1i<Count i++ [/

if best < beta // Beta
if best > apha
apha = best
/1
type = MakeMove &m pMG- >m Movelist depth i
1

score = - PrincipalVariation depth- 1 - dpha- 1 - alpha
if score > apha && score < beta

[ /fail high

best = - PrincipaVariation depth- 1 - beta - score
if depth = m_nMaxDepth //

m_cmBestMove = m_pMG - >m_Movelist depth i

eseif score > best
best = score //

if depth = m_nMaxDepth
m_cmBestMove = m_pMG - >m_MovelList depth i

L@
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1
UnMakeMove &m pMG - >m_Movelist depth i type
return best //

/lend of PVS_Engine. cpp

Sttt et e ettt e e te ettt e tetos ettt ettt §



7.1 CPVS Engine New Game
7.1 CChessDIg PVS

3 PVS Alpha-Beta

Alpha-Beta 5 PVS
Alpha-Beta 250%
37.5 Transposition Table [
Alpha-Beta
/

® e :
122 LN G Bl i T

e i | &
Yot PP
StbbetbD bbb bbb

7.3
7.3 A B C



G
G F B
G
G
Transposition Table TT
Alpha-Beta
/I C apha-beta
int alphabeta depth &apha &beta
value = LookupTT depth Index //
if value isvalid //
return value //
/1 alphabeta vaue
Search with alphabeta. . .
I T
SoreTolT depth value Index
return value
@
@
77.6 Hash Table |

ORS)

®
123
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10°

Alpha-Beta

......................................................................................................................................................................................................................................................................................

¢ struct HASHITEM

int64 checksum //64
int depth //
/1
enum exact lower_bound upper_bound entry type
double eval /1

hashtable HASH_TABLE_SIZE

/1 HASH_TABLE_SIZE

B P P L L A L L R O L e L P e, P oL L PP PO P, POL POPL NPT NPT PPL PP FRPL RPOL PN PRI

32 64

hashTable hashindex hashTable hashin-
dex .checksum == Checksum hashTable hashindex . depth
hashTable hashindex . eval
Checksum hashTable
hashindex
Alpha-Beta
/1 C alpha-beta +
¢ int alphabeta int depth int alpha int beta

int value bestvalue = - INFINITY
int hashvalue



if Game Over

return evaluation //
if depth <=0

return evaluation //

/1
if lookup depth &apha &beta &hashvalue
return hashvalue //

for each possibly move m // m
make move m // m
/1

value = - aphabeta d- 1 - beta - locaapha
unmake move m //
if value > bestvalue
bestvalue = value //

if bestvalue >= beta

break //beta
if bestvalue >apha

apha = bestvalue // apha

/1
store depth bestvalue apha beta
return bestvalue //

FE L e e L P R et o

125

64



. 2
—
3
/
®
126 4
Zobrist



7% ®

® ® ® 6

—————————————————————————————————————————————————————————————————————————————————————

32
64 Checksum

64

Zobrist 1970

@ 6

Jonathan Schaeffer

@
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C_Fe )
‘% Z pieceType boardWidth boardHeight pieceType
= - 14 boardWidth 9 boardHeight
10
z
5
Z5 0 O 4 Z4 1
0 32 z
32 64 z 64
Zobrist
Alpha-Beta MakeMove/ UnmakeMove
MakeMove/ UnmakeMove
Zobrist
Alpha-Beta
2
CTranspositionTable TranspositionTable. h
?28 /1 TranspositionTable. h  interface for the CTranspositionTable class

LTI 111111 ] ]
: #if  oefined APX_TRANSPOSTIONTABLE _H—7I6FR20 _CEEA _11D5_AECT _SSAARPEZCT—
¢ INCLUDED_
: # define APX_TRANSPOS TIONTABLE. H—716F8220 CEEA 11D5 AECT S25AABRE22C7—INCLUDED

{ #f _MSC_VER > 1000

#pragma once

¢ #endif // _MSC_VER > 1000

iy

" enum entry_type exact lower_bound upper_bound



/11

{ typedef struct HASHITEM

: LONGLONG checksum  // 64
ENTRY_TYPE entry type //
short depth //
short eval //

;  Hashitem

class CTranspositionTable  //

* public

CTranspositionTable

virtual ~ CTranspositionTable

/1

void CalculatelnitHashKey BYTE CurPosition 10 9

/1

void Hash MakeMove CHESSMOVE = move BYTE CurPosition 10 9
/1

void Hash_UnMakeMove CHESSMOVE + move BYTE nChessiD
BYTE CurPosition 10 9
/1
int LookUpHashTable int alpha int beta int depth int TableNo
/1
void EnterHashTable entry type entry type short eval
short depth int TableNo

/1

void InitializeHashKey

UINT m_nHashKey32 15 10 9 //32 32
/164 64

ULONGLONG m_ulHashKey64 15 10 9
Hashitem +m pTT 2 //

UINT m_HashKey32 //32

LONGLONG m_HashKey64 //64

)
£ 129

B e e Nt BT FToert Se s It}

ClranspaditionTable TrangpodtionTable. cpp
K% 64 C rand 15



®

....................................................................................................................................................................................................................................................................................

/1 TranspositionTable. cpp  implementation of the CTranspositionTable class
LOLHEEEEEETE bt b r b rn e b e i irng g

. #include " stdafx. h"

#include " chess. h"

#include " TranspositionTable. h"

* #hifdef DEBUG

_ #undef THIS FILE

* satic char THIS FILE  =_FILE_
L #define new DEBUG_NEW

¢ #endif

/1 64

¢ LONGLONG randé4 void

130 |

CTranspositionTable

void CTranspositionTable

return rand LONGLONG rand < <15
LONGLONG rand < <30
LONGLONG rand < <45
LONGLONG rand < <60
L 32
{ LONG rand32 void
return rand LONG rand < <15 LONG rand < <30

FEOEEETEEEEEEErr i i rn i r e nnn  n e e n et

/1" Congtruction/Destruction
FHEEEEEEEEEC T e e n e e e n e en i i ey
CTranspositionTable  CTranspositionTable

InitializezHashKey ~ //

~ CTranspositionTable

/1
delete m pTT O
delete m pTT 1

/1
InitializeHashKey



intijk
/1
sand unsigned time NULL
/1
foo i =0 i <15 i++
foo j =0 j <10 j++
foo k =0 k <9 k++

m nHashKey32 i j k = rand32
m_ulHashKey64 i j k = rand64
/1 IM =2
m pTT 0 = new Hashitem 1024 1024 //
m pTT 1 = new Hashitem 1024 « 1024 //
/1 32 64
/1 CurPosition

void CTranspositionTable  Calculatel nitHashKey
BYTE CurPosition 10 9

int j k nChessType
m_HashKey32 = 0
m_HashKey32 = 0
/1
foo j =0 j <10 j++

fo k =0 k <9 k++

nChessType = CurPosition j k

if nChessType = NOCHESS ®

L 131
m_HashKey32 =

m_HashKey32 m nHashKey32 nChessType | Kk
m_HashKey64 =

m_HashKey64 m ulHashKey64 nChessType | Kk

/11



(e )

®
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/1 move
/1 CurPosition

void CTranspositionTable Hash MakeMove CHESSMOVE = move

BYTE CurPosition 10 9

BYTE nTolD nFromlD

nFromD = CurPosition move->From.y  move-> From. X
nTolD = CurPosition move->To.y move=>To. X

/1

m_HashKey32 = m_HashKey32
m_nHashKey32 nFromlD move->From.y  move-> From. X
m_HashKey64 = m_HashKey64

m_ulHashKey64 nFromlD move->From.y move-> From. X
if nTolD = NOCHESS
/1

m_HashKey32 = m_HashKey32
m_nHashKey32 nTolD move>To.y move=>To. X
m_HashKey64 = m_HashKey64

m_ulHashKey64 nTolD move>To.y move->To. X

/1
m_HashKey32 = m_ HashKey32

m_nHashKey32 nFromlD move->To.y move->To. X
m_HashKey64 = m_HashKey64

m_ulHashKey64 nFromlD move>To.y move->To. X

/1 Hash_MakeMove Hash_MakeMove
/1 move

/1 nChessID

/1 CurPaosition

1 void CTranspositionTable Hash_UnMakeMove CHESSMOVE = move

BYTE nChessiD BYTE CurPosition 10 9

BYTE nTolD
nTolD = CurPosition move->To.y move=>To. X
/1

m_HashKey32 = m_HashKey32
m_nHashKey32 nTolD move->From.y move->From. X
m_HashKey64 = m_HashKey64



m_ulHashKey64 nTolD move->From.y move-> From. X

/1 .
m_HashKey32 = m_HashKey32 @

m_nHashKey32 nTolD move->To.y move->To. X i E—
m_HashKey64 = m_HashKey64

m_ulHashKey64 nTolD move->To.y move->To. X
if nChessID
/1
m_HashKey32 = m_HashKey32
m_nHashKey32 nChessiD move->To.y move->To. X
m_HashKey64 = m_HashKey64
m_ulHashKey64 nChessiD move->To.y move->To. X

/1

/] dpha apha-beta

/] beta apha-beta

/1 depth

. /1 TableNo

: int CTranspositionTable LookUpHashTable int alpha

: int beta int depth int TableNo

int x

Hashitem = pht

/1 IM =2
/1l TableSze « 2 TableSze

/1 m_HashKey32% TableS ze

/1
X = m_HashKey32 & OxFFFFF
pht = &m pTT TableNo x // 13?3
if pht->depth >= depth && pht->checksum == m_HashKey64

switch pht->entry type //

case exact //
return pht-> eva
case lower_bound //
if pht>eva >= beta
return pht->eval



else
break
case upper_bound //
if pht->eval <= dpha
return pht->eva
ese
break

return 66666 //

/1

/ENTRY_TYPE entry_type

/1 eval

/1 depth
{1/ TableNo
void CTranspositionTable EnterHashTable ENTRY_TYPE entry_type
short eval short depth int TableNo
int x
© Hashitem * pht
x = m HashKey32 & OXFFFFF /1
pht = &m pTT TableNo x /11
Il
pht->checksum = m_HashKey64 /164
pht->entry type = entry_type /1
: pt>evd = eva /1
pht->depth = depth /1

334 / lend of TranspasitionTable. cpp
alpha-beta CSearchEngine
CTranspositonTable

...................................................................................................................................................................................................................................................................................

/1 AlphaBetaAndTT. h interface for the CAlphaBetaAndTT class
NNy ;
! #if  ddfined ARX _ALPHABETAANDTT _H—8EBEE2QD _CEBC _11D5_ AECT _ S5AAREDCT—
¢ INCLUDED_
#define ARX_ALPHABETAANDTT H—8E3EE200 CEBC 11065 AECT S5AABPE22C7—INCLUDED
¢ #if MSC VER > 1000



; #pragma once

{ #endif // _MSC_VER > 1000

# in clude " SearchEngine. h"

# in clude " TranspositionTable. h"

class CAlphaBetaAndTT  public CSearchEngine

] public CTranspesitionTable

public

CAlphaBetaAndTT

virtual ~ CAlphaBetaAndTT
virtual SearchAGoodMove BYTE position 10 9
protected
' int alphabeta int depth int apha int beta

© #eif //  defined AFX_ALPHABETAANDTT_H—SEBEE2CD_CEBC_11D6_AECT_SSAARPERCT—

J L e e KTt R R et ot}

CalphaBetaAndTT AlphaBetaAndTT. cpp
alpha-beta Fail-soft apha-beta
/1 AlphaBetaAndTT. cpp implementation of the CAlphaBetaAndTT class
LT T LT T T T 11]
#include " stdafx. h"
#include " chess. h"
* #include " AlphaBetaAndTT. h"
{ #ifdef_DEBUG
* #undef THIS_FILE
. static char THIS FILE  =—FILE—
¢ #define new DEBUG_NEW .__
L #endif -
LI L LT L L LTI T ] :
/1" Congtruction/Destruction
S]]
. CAlphaBetaAndTT CAlphaBetaAndTT

{ CAlphaBetaAndTT  ~ CAlphaBetaAndTT



(e )

/1
CAlphaBetaAndTT SearchAGoodMove BYTE position 10 9

memcpy CurPosition position 90

Calculatel nitHashKey CurPosition  //

m_nMaxDepth = m_nSearchDepth //

alphabeta m_nMaxDepth - 20000 20000 // alpha-beta
MakeMove &m cmBestMove //

memcpy position  CurPosition 90 //

. //apha-beta
int CAlphaBetaAndTT alphabeta int depth int alpha int beta

int score
int Count i
BYTE type
i = IsGameOver CurPosition depth //
if i =0
returni //
/1
score = LookUpHashTable alpha beta
depth  m_nMaxDepth_depth %2
if score = 66666
return score //
if depth <=0
/1
score = m_pEva - > Eveluate CurPosition
m_nMaxDepth_depth %2
/1
EnterHashTable exact score depth  m_nMaxDepth_depth %2
return score

° -
136 &

/1
Count =m_pMG_ > CreatePossibleMove CurPosition

depth  m_nMaxDepth_depth %2

int eval_is exact = 0 //
foo i=0i<Counti++ [/

/1



Hash_MakeMove &m_pMG- >m Movelist depth i  CurPosition

/1 ] .
type = MakeMove &m pMG- >m Movelist depth i @
/1

score = - alphabeta depth- 1 - beta - alpha

/1

Hash_UnMakeMove &m pMG - >m Movelist depth i
type CurPosition
1
UnMakeMove &m pMG- >m_Movelist depth i type
if score >= beta
/ Ibeta
/1
EnterHashTable lower _bound
score depth  m_nMaxDepth_depth %2
return score //

if score > apha

apha = scoe //
eva isexact =1 //
if depth == m_nMaxDepth //
m_cmBestMove = m_pMG - >m_Movelist depth i

/1l
if eval_is exact
/1
EnterHashTable exact apha depth m nMaxDepth depth %2
®

else {137
/1
EnterHashTable upper_bound

apha depth m _nMaxDepth_depth %2
return alpha /

/lend of AlphaBetaAndTT. cpp

ettt sttt nstiebetsetieetietiasti ettt sttt L

7.1 CAlphaBetaAndTT New Game
7.1 CChessDIg Alpha-Beta + TT



~
3

)

. 3 Alpha-Beta + TT Alpha-Beta
=L Alpha-Beta + TT
Alpha-Beta
Alpha-Beta +
TT Alpha-Beta Alpha-Beta
Alpha-Beta+ TT 5 Alpha-Beta + TT
Alpha-Beta 200%
7.8 |terative Deepening |
5 7~8
60
/I C alpha-beta i =0
while i < MaxDepth
alphabeta i apha beta
if time > 60 seconds
break
i ++
1
?38 40 Alpha-Beta Negascout d
d-1 5~10
d d-1

Alpha-Beta



Windows

Jeffrey Richter Advanced Windows Windows
Windows
Alpha-Beta
.
Alpha-Beta
Alpha-Beta
1 I DAIphabeta. h

..........................................................................................................................................................................................................................................................................

/1 IDAlphabeta. h interface for the CIDAIphabeta class
S LT T T
L #if  defined AFX_IDALPHABETA H—6091F700_DF64 1105 AEC7 S254AB2E22C7—INCLUDED
¢+ #define AFX_IDALPHABETA_H—6091F700 DF64 1105 AEC7 5254AB2E22C7—INCLUDED :
; #f _MSC_VER > 1000
{ #pragma once
¢ #endif // _MSC_VER > 1000
¢ #include " SearchEngine. h"
¢ class CIDAlphabeta public CSearchEngine

: P @
¢ public : 139
: CIDAlphabeta :
virtual ~ CIDAIlphabeta
/11
virtual SearchAGoodMove BYTE position 10 9
. protected
/| dpha-beta
int alphabeta int depth int apha int beta
int m_nTimeCount //

#endif //  defined ARX DALFHABEFA_H—&D]FKD_DF&_HII_AEC?_SZ%ABQE?ZC?—INO_UDED_%:

.................................................................................................................................................................................................................................................................................
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alpha-beta | DAlphabeta. cpp

...............................................................................................................................................................................................................................................................

/1 |DAlphabeta. cpp implementation of the CIDAIphabeta class
TELEETEEEDEEE T b i n e n e i g

: #include " stdafx. h"

¢ #include " chess. h"

: #include " IDAIphabeta. h"

. #ifdet_DEBUG

* #undef THIS FILE

© static char THIS FILE  =—FILE—
¢ #define new DEBUG_NEW

© tendif

FHOEEETEEEEEE e r e e nn i e g

/' Construction/Destruction
N
i CIDAlphabeta CIDAlphabeta

* CIDAIphabeta  ~ CIDAIphabeta

CIDAIphabeta SearchAGoodMove BYTE position 10 9

CHESSMOVE backupmove //

memcpy CurPosition position 90

m_nTimeCount = GetTickCount /1

/1

foo m_nMaxDepth = 1 m_nMaxDepth <= m_nSearchDepth m_nMaxDepth ++

/1
if aphabeta m nMaxDepth - 20000 20000 = 66666
backupmove = m_cmBestMove

MakeMove &backupmove //
memcpy position CurPosition 90 //

{ int CIDAIphabeta  alphabeta int depth int alpha int beta

int score



int Count i

BYTE type
i = IsGameOver CurPosition depth
if i =0

returni //

if depth <=0 I
return m_pEval - > Eveluate CurPosition m_nMaxDepth - depth %2
Count =m_pMG - > CreatePossibleMove CurPaosition
depth  m_nMaxDepth - depth %2
/1 if
/1 Best Move
if depth == m_nMaxDepth && m_nMaxDepth > 1

foo i=1 i < Count i ++

if m_pMG->m Movelist depth i .From.x =m_cmBestMove. From. X
&& m_pMG - >m_MovelList depth i . From.y=m_cmBestMove. From. y
&& m pMG- >m _Movelist depth i .To.x == m_cmBestMove. To. X
&& m_pMG - >m_MovelList depth i .To.y = m_cmBestMove. To.y
/1
m pMG - >m Movelist depth i = m pMG->m Movelist depth 0O
m_pMG - >m_Movelist depth 0 = m_cmBestMove

for i=0 i<Count i++

if depth == m_nMaxDepth

11 10
if GetTickCount - m_nTimeCount >= 10000
return 66666 //

/1

type = MakeMove &m pMG- >m Movelist depth i
score = - alphabeta depth- 1 - beta - apha //

/1

UnMakeMove &m pMG- >m_Movelist depth i type
if score > apha

P @
2;.141



‘\% apha = score
)| | if depth = m_nMaxDepth //
m_cmBestMove = m_pMG- >m_Movelist depth i
if apha >= beta
break //beta
return apha //
/ lend of IDAlphaBeta. cpp :
CIDAlphaBeta New Game 7.1
CChessDIg Alpha-Beta + TT
Alpha-Beta
Alpha-Beta 1 1
1 1
77.9 History Heuristic e
Alpha-Beta
Alpha-Beta
10° Alpha-Beta 2 000
Alpha-Beta
®
142
J. Schaeffer History Heuristic®
Alpha-Beta
@




Alpha-Beta

....................................................................................................................................................................................................................................................................................

/1 C alpha-beta
int AlphaBeta p position a b depth integer

int bestmove score Count m  result
int rating MaxNode
if depth <=0
return Evaluate  //
Count = GenerateMoves moves
for each possibly move m //
rating m = HistoryTable moves m
Sort moves rating /1
score = - ININITY
for each possibly movem //

make move m //
/1 alpha-beta :
result = - AlphaBeta - b - a depth- 1 14.>3
unmake move m // 5
if result > score

score = result //
if scoe >= b

/ I beta
bestmove = moves m //
goto done



> if score > a //
‘% a = score
==
{ done
/1
HistoryTable bestmove = HistoryTable bestmove + 2°"
return score [/
Schaeffer
12bit 6hit 6hit
212
8x8 64 x 64 2
4 096B
90 x90 B
Schaeffer 20
Schaeffer Alpha-Beta
|
Alpha-Beta HistoryHeurigtic. h
B bttt ——————-—— - ————_—————-——-—————,
144 ¢

/I HistoryHeuristic. h  interface for the CHistoryHeuristic class
LTI LT T ]
¢ #if  def |ined AFX_HISTORYHEURISTIC_H—58/0AB20_E3F1_11D5_AEC7 _5254AB2E22CT—;
¢ INCLUDED_
¢ #define AFX_HISTORYHEURISTIC_H—5870AB20_E3F1 1105 AEC7 S5254AB2E22C7—INCLUDED_
! #if _MSC_VER > 1000 1
L #pragma once
¢ #endif // _MSC_VER > 1000
¢ class CHistoryHeuristic



¢ public
1 CHistoryHeuristic
virtual ~ CHistoryHeuristic
/1
void ResetHistoryTable
/1
int GetHistoryScore CHESSMOVE = move
/1
void EnterHistoryScore CHESSMOVE + move int depth
/1
void MergeSort CHESSMOVE =+ source int n BOOL direction
protected
: /1 MergeSort
void MergePass CHESSMOVE + source  CHESSMOVE target
const ints const intn const BOOL direction
/1 MergePass
void Merge CHESSMOVE #* source  CHESSMOVE  * target
intl intm intr

/1 MergePass

void Merge A CHESSMOVE  source  CHESSMOVE  * target
intl intm intr

int m HistoryTable 90 90 //

CHESSMOVE m_TargetBuff 100 //

L #edf //  defined APX_HISTORYHEURISTIC_H—SS/0AB0_E3FL_1106_AECT_SPSAABPEZCT—.

R e F L P e L Y P et o}

///::::::::::::::::::::::::::::::::::::::::::::>\
I A\
0 i
I ) HistoryHeurigtic. h o, ®
I < oy no 145
it m
N 77
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........................................................................................................................................................................................................................................................................

/1 HistoryHeurigtic. cpp implementation of the CHistoryHeuristic class
ST LT T EE LT T T ]
#include " stdafx. h"
#include " chess. h"
" #include " HistoryHeuritic. h"



(e )

.| | ¢ #fdef_DEBUG
% ¢ #undef THIS FILE
)| | ¢ static char THIS FILE  =—FILE—
. #define new DEBUG_NEW

: #endif
.

/1 Construction/Destruction
NNy
CHistoryHeuristic  CHistoryHeuristic

{ CHistoryHeurigtic  ~ CHistoryHeuristic
Foll
: void CHistoryHeuristic ResetHistoryTable

memset m_HistoryTable 0 8100 =4

L
. int CHistoryHeuristic ~ GetHistoryScore CHESSMOVE * move

int nFrom nTo

nFrom = move->From. y « 9 + move->From. x //
nTo = move->To.y* 9 +move>To. x //

return m_HistoryTable nFrom nTo //

S
{ void CHistoryHeuristic ~ EnterHistoryScore CHESSMIOVE * move int depth

® :

146 %
int nFrom nTo

nFrom = move->From. y = 9 + move->From. x //

nTo = move>To.y* 9 +move>To.x //

m_HistoryTable nFrom nTo += 2< <depth // 2 depth

/1

!/ CHESSMOVE  source

/' CHESSMOVE = target

/1 source | m source m+1 r target | r



¢ void CHistoryHeuristic  Merge CHESSMOVE * source
] CHESSMOVE = target int| intm intr @

I
intj = m+1
intk =1
while i <=m && j <=r
if source i .Score <= source j . Score
target k+ =source i++

inti

ese
target k+ =source j++
if i >m
for intq=j q<=r gq++
target k++ =source g
else
for intg =i g<=m g+t
target k++ = source

1
/1 CHESSMOVE * source
I/ CHESSMOVE : target
y source | m  source m+1 r target | r
. void CHistoryHeuristic  Merge A CHESSMOVE * source
CHESSMOVE = target int| intm intr
/1
int i
int j
intk =1
while i<=m && j<=r :
if source i .Score >= source j . Score 14.>7
target k + = source i++

|
m+1

ese
target k++ =source j++
if i >m
for intq=j g<=r gq++
target k++ =source q
else
for intgq=i q<=m q++
target k++ = source



=2l R

e ¢ [ /direction

void CHistoryHeuristic MergePass CHESSMIOVE  * source
CHESSMOVE =« target congt int's
const int n const BOOL direction

inti =0
while i <= n-2 = s

/1 S
if direction
Merge source target i i+ s-1 i+2 % s-1
else
Merge A source target i i+ s-1 i+2 % s-1
i=i+2=xs
if i +s<n // 2s
if direction
Merge source target i i+ s-1 n-1
else

Merge A source target i i+ s-1n-1

dse
for intj =i j <=n-1 j+
target j = source j
/1
® :
1485 !/
1 //source
/In
/ Idirection

void CHistoryHeuristic MergeSort CHESSMOVE = source
int n BOOL direction

ints =1
while s< n



MergePass source m_TargetBuff s n  direction

s+=s 1
MergePass m TargetBuff source s n direction @
s+=s ) S S

/lend of HistoryHeuristic. cpp

....................................................................................................................................................................................................................................................................................

O nlogn

Alpha-Beta CSearchEngine  CHistoryHeu-
ristic Alphabeta HH. h

.....................................................................................................................................................................................................................................................................................

/1 Alphabeta HH. h interface for the CAlphabeta HH class
LHEDEEEEEEEEE i rr i rn bbb i i i rr
: #if  defined APX_Alphabeta HH_H—S5870AB21 E3FL 1105 AECT_ 5254AB2E22C7—INCLUDED
. #define APX_Alphabeta H_H—5870AB21_E3F1 1105 AECT 5254ABPE22C7—INCLUDED_
: #if _MSC_VER > 1000
#pragma once
¢ #endif // _MSC_VER > 1000
#include " SearchEngine. h"
#include " HistoryHeuristic. h"
class CAlphabeta HH  public CSearchEngine
public CHistoryHeuristic

)
public 149
CAlphabeta HH ;
virtual ~ CAlphabeta HH
/]

: virtual SearchAGoodMove BYTE position 10 9
. protected

/ l alpha-beta

int alphabeta int depth int dpha int beta



(e )

#endif //  defined ARX_Alphabeta HH_H—5870AB21 E3FL 1105 AECT S5AAB2E22C7—INCLUDED

/1 Alphabeta HH. cpp implementation of the CAlphabeta. HH class
LT LTI
* #include " stdafx. h"
#include " chess. h"
¢ #include " Alphabeta HH. h"
© #ifdef_DEBUG
* #undef THIS FILE
© satic char THIS FILE  =—FILE—
* #define new DEBUG_NEW
C #endif
o
¢ // Construction/Destruction
ST ]
{ CAlphabeta HH CAlphabeta HH

* CAlphabeta HH  ~ CAlphabeta HH

L /]
CAlphabeta HH SearchAGoodMove BYTE position 10 9

memcpy CurPosition position 90

m_nMaxDepth = m_nSearchDepth //

ResetHistoryTable  //

0 aphabeta m nMaxDepth - 20000 20000 //  apha-beta
MakeMove &m_cmBestMove //

memcpy position CurPosition 90 //

: //apha-beta
¢ int CAlphabeta HH aphabeta int depth int alpha int beta

int score
int Count i
BYTE type



i =1sGameOver CurPosition depth
if i =0

returni //
if depth <=0 //

return m_pEval - > Eveluate CurPosition  m_nMaxDepth_depth %2

/1
Count =m_pMG - > CreatePossibleMove CurPaosition
depth  m_nMaxDepth - depth %2
/1
for =0 i<Count i ++
m_pMG - >m_Movelist depth i .Score =
GetHistoryScore &m _pMG - >m_MovelList depth i
/1 Count
MergeSort m_pMG - >m_MovelList depth  Count 0O
int bestmove = -1 //
for i=0 i<Count i++

/1

type = MakeMove &m _pMG- >m _Movelist depth i
/1

score = - alphabeta depth- 1 - beta - alpha

/1

UnMakeMove &m pMG- >m Movelist depth i type
if score > apha

apha = score //
if depth == m_nMaxDepth //

m_cmBestMove = m pMG - >m_MovelList depth i
bestmove =i //

P @
2;.151

if apha >= beta
bestmove =i //

break //beta

/1
if bestmove =-1



~
3

)

s EnterHistoryScore &m _pMG - >m_MovelList depth bestmove  depth
% ' return dlpha //
==
/ lend of Alphabeta HH. cpp
CAlphabeta_ HH New Game
CChessDlg Alpha-Beta +
Alpha-Beta
Alpha-Beta 4
10
Alpha-Beta
37.10 Killer Heuristic e
Alpha-Beta  PVS
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#7.13 MTD f |
MTD f Aaske Plaat
MTD f PVS
Cilkchess MTD f NegaS




...........

NegaScout Cilkchess SarSocrates

/I C MTD f
int mtdf int firstguess int depth

int g lonerbound upperbound beta
g=firstguess //
upperbound = INFINITY // 20000
lonerbound = - INFINITY // - 20000
while lowerbound < upperbound
/1
if g==Ilowerbound
beta =g+1
else
beta=¢g
1
g=aphabeta depth beta- 1 beta
if g < beta
upperbound =g //fail high
else
lowerbound =g //fail low

returng //
Alpha-Beta Alpha-Beta
13 ” .>
MTD f Alpha-Beta 157
Alpha-Beta MTD f
fail high  fail low MTD f
MTD f Alpha-Beta
Alpha-Beta Fial-soft Alpha-Beta
Memory-enhanced Test Driver with node n and value f
MTD f
MTD f firstguess



......................................................................................................................................................................................................................................................................................

/I C MTD f
int iterative_deepening root node_type

firstguess = 0
foo d =1 d < MAX_SEARCH_DEPTH d++

firstguess = MTDF firstguess d
if times_up

break

return firstguess

L L T L P L P L e L L A O L L O P TPL PO, PO L L PP S PSROL PO, PP ISPL TOL IRL I

2 MTD f

MTD f

P aat MTD f

®
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- 50 000 ~ 50 000 1

beta 10 fail high beta 10 fail low beta 10

1 Plaat

Alpha-Beta
MTD f



MTD f

firstguess
MTD f
SSS Plaat  Hlijis MTD f
firstguess +«— MTD f SSS firstguess
- — MTD f DUAL = SSS
MTD f
firstguess MTD f Alpha-Beta
SSSx SSS
S,

MTD f
MTD_f. h
/1 MTD _f. h interface for the CMTD _f class

L NN NNy
#if  defined AFX_MTD_F H—5870AB22 E3F1 11D5 AEC7 5254AB2E22C7—INCLUDED
. #define AFX_MTD_F H—5870AB22_E3FL 1105 AECT 5254AB2E22C7—INCLUDED._
¢ #f _MSC_VER > 1000
. #pragma once
¢ #endif // _MSC_VER > 1000
¢ #include " SearchEngine. h"
. #include " TranspositionTable. h"
class CMTD_f  public CSearchEngine public CTranspositionTable

public
: CMTD_f
virtual ~ CMTD_f
/1
virtual SearchAGoodMove BYTE position 10 9
protected
; int mtdf int firstguess int depth  //MTD f
/1 fail-soft alpha-beta
int FAlphaBeta int depth int dpha int beta
CHESSMOVE m_cmBackupBm //

. @
© 159

¢ #endif //  defined APX_MTD_F_H—S5870AB22_ E3FL 1106 AECT S254AB2EZ2CT—INCLUDED.

.................................................................................................................................................................................................................................................................................
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D

, CMTD_f 2 Ctranspo-

% stionTable  CSearchEngine CMTD. f MTD f Fail-Soft
=L Alpha-Beta Alpha-Beta

MTD_f. cpp

.....................................................................................................................................................................................................................................................................................

/1 MTD_f. cpp implementation of the CMTD _f class
S LT LT ]
: #include " stdafx. h"
#include " chess. h"
: #include "MTD_f. h"
| #ifdef_DEBUG
: #undef THIS FILE
¢ static char THIS FILE ~ =—FILE—
: #define new DEBUG_NEW
[ #endif
.
/| Construction/Destruction
ST ]
{ CMTD_f CMTD_f

: OMTD_f ~CMTD_f

! CMTD_f SearchAGoodMove BYTE pasition 10 9

int firstguess = 0
memcpy CurPosition position 90
CdlculatelnitHashKey CurPosition  //
Yol Il MTD f
for m_nMaxDepth = 1 m_nMaxDepth <= m_nSearchDepth m_nMaxDepth ++

firstguess = mtdf firstguess m_nMaxDepth
MakeMove &m_cmBackupBm //
memcpy position CurPosition 90 //

return O

[IMTD f



¥ int CMTD_f mtdf int firstguess int depth

int g lonerbound upperbound beta
g =firstguess

/1 - 20000—20000
upperbound = 20000

lowerbound = - 20000

while lowerbound < upperbound

m_cmBackupBm = m_cmBestMove
/1
if g == lowerbound

beta=g+1
else

beta=g
/1
g = FAlphaBeta depth beta- 1 beta
if g < beta

upperbound =g //fail low
else

lonerbound =g //fail high

return g

0 fail-soft alpha-beta
¢ int CMTD_f FAlphaBeta int depth int alpha int beta

int current = - 19999

int score ;

int Count i ;@
1 161

BYTE type

i = IsGameOver CurPosition depth

if i =0

returni //

/1
score = LookUpHashTable alpha beta
depth m_nMaxDepth_depth %2
if score = 66666
return score //



162 :

C_Fe )
L, if depth <=0 1
% current = m_pEval - > Eveluate CurPaosition
m_nMaxDepth - depth %2

/1
EnterHashTable exact current depth  m_nMaxDepth - depth %2
return current

/1

Count =m_pMG - > CreatePossibleMove CurPosition depth

m_nMaxDepth - depth %2

int eval_is exact = 0 // 0

for i=0 i<Count i++
1
Hash_MakeMove &m_pMG - >m _Movelist depth i  CurPosition
1
type = MakeMove &m_pMG- >m_Movelist depth i
1
score = - FAlphaBeta depth- 1 - beta - alpha
1
Hash_UnMakeMove &m pMG - >m_Movelist depth i

type CurPosition
/1
UnMakeMove &m pMG - >m Movelist depth i type
if score > current
current = score
if depth == m_nMaxDepth
® m_cmBestMove = m_pMG - >m_Movelist depth i

if score >= beta //beta

/1
EnterHashTable lower_bound score

depth  m_nMaxDepth - depth %2
return current

if score > apha



eva isexact =1 //
apha = score //

/1
if eval_is exact

EnterHashTable exact apha depth m_nMaxDepth - depth %2
else

EnterHashTable upper_bound current depth m_nMaxDepth - depth %2
return current // /

CMTD _f New Game CChessDlg
CMTD_f CMTD_f MTD f
Alpha-Beta PVS
MTD f
MTD f
37.14 |
PVS
PVS A. Reinefeld C
Reinefeld NegaScout PVS PVS
. ®
Reinefeld NegaScout PVS 163
NegaScout_TT_HH. h CNegaScout_ TT_HH 3

....................................................................................................................................................................................................................................................................................

/1 NegaScout_TT_HH. h interface for the NegaScout_TT_HH class
LR
#if  defined AFX_NEGASCOUT _'I'I'_HH_H—42]58561_ESBC_11D5_AEC7_5254ABZE22C7—§'
" INCLUDED_



e )

®
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#define AFX_NEGASOOUT_TT_HH_H—42158561._EBBC 1105 AEC7 5254AB2E22C7—INCLUDED _ }
#f MSC_VER > 1000 '
#pragma once
#endif // _MSC_VER > 1000
#include " SearchEngine. h"
#include " TranspositionTable. h"
#include " HistoryHeuristic. h"
class CNegaScout_TT_HH
public CTranspositionTable
public CHistoryHeuristic
public CSearchEngine

public

CNegacout_TT_HH

virtual ~ CNegaScout_ TT _HH

/1

virtual SearchAGoodMove BYTE position 10 9
protected

/1 NegaScout
int NegaScout int depth int alpha int beta

#end if //  defined ARX_NEGASOCUT _'IT_HH_H—MSBSGL_EBBC_].’L%_AEC?_MBQEZZC?—?—

........................................................................................................................................................................................................................................................................

/1 NegaScout_ TT_HH. cpp implementation of the NegaScout TT _HH class
LT T LT ]
#include " stdafx. h"
~ #include " chess. h"
¢ #include " NegaScout_TT_HH. h"
¢ #ifdef_DEBUG
: #undef THIS FILE
¢ gatic char THIS FILE =—FILE—

: #define new DEBUG_NEW
¢ #endif
; LHEEETEEEEEEE i i n it rn i rr
/| Construction/Destruction
LHELEETEEEE i n i nrn b i i nr i nrrrlrg



¢ CNegaScout_TT_HH  CNegaScout_TT_HH

_ CNegaScout_TT_HH  ~ CNegaScout_TT_HH

* CNegaScout_TT HH  SearchAGoodMove BYTE position 10 9

memcpy CurPosition position 90
m_nMaxDepth = m_nSearchDepth //
Calculatel nitHashKey CurPosition  //
ResetHistoryTable  //

/1 NegaScout

NegaScout m_nMaxDepth - 20000 20000
MakeMove &m _cmBestMove //

memcpy position CurPosition 90 //

; /1 NegaScout
{ int CNegaScout_TT_HH NegaScout int depth int alpha int beta

int Count i
BYTE type
intabt
int side
int score
i = IsGameOver CurPosition depth
if i =0
returni //
side = m _nMaxDepth_depth %2 // 0/ 1
/1l
score = LookUpHashTable alpha beta depth side
if score = 66666
return score //
if depth <=0 I

L@
. 165

score = m_pEval - > Eveluate CurPosition side
/1

EnterHashTable exact score depth side
return score



®
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/1

Count =m_pMG - > CreatePossibleMove CurPosition depth side
11

for i=0 i<Count i++

m_pMG - >m_Movelist depth i .Score =
GetHistoryScore &m_pMG - >m_MovelList depth i

/1
MergeSort m_pMG - >m_MovelList depth Count O
int bestmove = -1

a = apha
b = beta
int eval_is exact = 0
fo i =0 i < Count i++
/1
Hash_MakeMove &m pMG - >m Movelist depth i  CurPosition
/1
type = MakeMove &m pMG- >m Movelist depth i
/1

t = - NegaScout depth-1 -b - a
if t>a&&t < beta&&i >0
1 fail high
a = - NegaScout depth-1 -beta -t //
eva isexact =1 //
if depth == m_nMaxDepth //
m_cmBestMove =m_pMG - >m_Movelist depth

type CurPosition

bestmove =i //
/1
Hash_UnMakeMove &m_pMG- >m Movelist depth i
1
UnMakeMove &m pMG- >m_Movelist depth i type
if a<t
/1

eva is exact = 1



a=t
if depth == m_nMaxDepth // 1
m_cmBestMove = m pMG - >m_Movelist depth i @

if a >= beta

1

EnterHashTable lower_bound a depth side

/1

EnterHistoryScore &m_pMG - >m_Movelist depth i depth
return a //beta

b =a+1 11

/1
EnterHistoryScore &m_pMG - >m_Movelist depth  bestmove  depth
/1
if eval is exact
EnterHashTable exact a depth side
ese
EnterHashTable upper_bound a depth side
return a //

/lend of NegaScout_TT_HH. cpp

.....................................................................................................................................................................................................................................................................................
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PC
7.2
1 2 3 4 5 6
Alpha-Beta 45 545 | 11 321 103 222 | 2198 389 | 22 536 732
Fail-soft Alpha-Beta 45 550 | 12 527 102 328 | 2088 046 | 21 756 346
45 698 | 10343 | 41103 |1043494 | 15 325 059
PVS 45 563 | 8424 69903 | 847351 | 10620475
+ Alpha-Beta 45 575 | 11 638 113 511 | 2 166 840 | 22 786 962
Alpha-Beta + 45 545 | 8179 70721 | 949597 | 7885056
Alpha-Beta + 45 155 | 2698 9868 | 200 985 780 737
MTD f 45 559 | 7200 56 853 | 417 358 7 444 578
NegaScout + + 45 157 | 1636 6 656 58 511 315 425
7.2
Alpha-Beta
6 NegaS
cout + + Alpha-Beta 70
PVS Alpha-Beta Alpha-Beta
Fail-soft Alpha-Beta Alpha-Beta
3 Alpha-Beta + Al-
pha-Beta 20% 6 3
7.3
ms PC 900MHZ AMD Duron 256MB RAM
Microsoft Winodows98
7.3 /ms
1 2 3 4 5 6
Alpha-Beta 1 10 215 2 000 41 954 434 080
Fail-soft Alpha-Beta 1 10 214 2000 41 774 432 560
1 15 200 794 20 065 302 905
PVS 1 10 160 1370 16 459 208 910
+ Alpha-Beta 1 10 220 2195 41 240 435 815
Alpha-Beta + 1 19 235 1 600 19 635 165 940
Alpha-Beta + 1 4 45 225 3685 18 200
MTD f 1 20 215 1355 8 839 157 770
NegaScout + + 1 5 60 259 1 505 8 250




7.3 Alpha-Beta +

4 Alpha-Beta NegaScout + + 5
Alpha-Beta + 6 Alpha-Beta + 2.2 @
7.2 Alpha-Beta 3 Alpha-Beta
Alpha-Beta MTD f
Alpha-Beta 7.2 7.3
Alpha-Beta MTD f
PVS MTD f /
PC
Alpha-Beta +

®
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Performance = Speed x Knomedge
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8.1
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() D. Machie 1977 A Theory of Advice Machine Intelligence 8 1977 35
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Genetic algorithms

J. Holand 1975
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Horizon Effect

Quiescence Search



.................................................................................................................................................................................................................................................................................

int quiescence int alpha int beta

int score = evaluation
if score >= beta
return score //beta
for each capturingmove m //

make move m //
/1
score = - quiescence - beta - apha
unmake move m //
if score >= apha

apha = score //

if score >= bheta

break //beta

return score //

...........................................................................................................................................................................................................................................................................

Reduced width quiescence
search

Full width quiescence search

. 181
9.1.2 Search Extensions

30

Claude Shannon 2
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bestmove
bestmove bettermove goodmove 3

bettermove
goodmove
79.5 Code Optimization |
X86
CPU
9.5.1
Knuth
state of the art
3
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............................................................................................................................................................................................................................................................................

int CAlphaBetaEngine aphabeta int depth int apha int beta

int score
int Count i
BYTE type
i = IsGameOver CurPosition depth
if i =0
return i
if depth <=0 /1
return m_pEval - >Eveluate CurPosition  m_nMaxDepth - depth %2

{ depth %2
4 for i=0 i<Count i++

type = MakeMove &m _pMG- >m _Movelist depth i
score = - aphabeta depth - 1 - beta - alpha
UnMakeMove &m pMG - >m _Movelist depth i type
if score > apha

alpha = score
if depth == m_nMaxDepth
m_cmBestMove = m_pMG - >m_MovelList depth i

if apha >= beta
break

return alpha

...........................................................................................................................................................................................................................................................................

Count = m_pMG - > CreatePossibleMove CurPosition  depth m_ nMaxDepth -

®
187
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................................................................................................................................................................................................................................................................................

..............................................................................................................................................................................................................................................................................

............................................................................................................................................................................................................................................................................

if depth == m_nMaxDepth
m_cmBestMove = m_pMG- >m_Movelist depth i

........................................................................................................................................................................................................................................................................

.................................................................................................................................................................................................................................................................

il alphabeta
int CAlphaBetaEngine aphabeta A int depth int alpha int beta

int score
int Count i
BYTE type
i = IsGameOver CurPosition depth
if i =0
return i
if depth <=0 I m_nMaxDepth - depth %2 0
return m_pEval - > Eveluate CurPosition 0
/1 m_nMaxDepth - depth %2 0
Count = m_pMG - > CreatePossibleMove CurPosition depth 0
for i=0i<Count i++

type = MakeMove &m_pMG- >m_Movelist depth i
/1 alphabeta B

score = - aphabeta B depth - 1 - beta - apha
UnMakeMove &m pMG- >m_Movelist depth i type
if score > apha

apha = score
if depth == m_nMaxDepth
m_cmBestMove = m_pMG - >m_MovelList depth i

if apha >= beta
break

return alpha

.............................................................................................................................................................................................................................................................................



it CAlphaBeteEngine  alphebeta B int depth int alpha int beta

int score

int Count i

BYTE type

i = IsGameOver CurPosition depth

if i =0
return i

if depth <=0 /1
return m_pEval - >Eveluate CurPosition 1

/1 m_nMaxDepth - depth %2
Count = m_pMG - > CreatePossibleMove CurPosition depth 1

for i=0i<Count i++

type = MakeMove &m_pMG- >m_Movelist depth

/1 alphabeta. A

score = - aphabeta A depth - 1 - beta - alpha

UnMakeMove &m pMG - >m_Movelist depth
if score > apha
alpha = score
/1
if apha >= beta
break

return apha

............................................................................................................................................................................................................................................................................

m_nMaxDepth - depth %2

C++
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................................................................................................................................................................................................................................................................................

/ /define. h // data structure and macros

* #ifndef define_h_

; #define define_h_

{ #define BOARD_POS X 60 //

; #define BOARD_POS Y 30 //

i #define BOARD_WIDTH 32 //

< #define GRID_NUM 15 //

} #define GRID_COUNT 225 //

{ #define BLACK 0 // 0

% #define WHITE 1 // 1

} #define NOSTONE OXFF ~ //

i1l

#define IsvaidPos x y

i x>=0&&x<GRID_NUM && y>=08&&y <GRID_NUM
vy
typedef struct _stoneposition

BYTE X
BYTE y

{ STONEPOS

typedef struct _stonemove

STONEPOS ~ StonePos /1
int Score /1

; STONEMOVE //

< #endif //define_h_

..............................................................................................................................................................................................................................................................................
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_stonemove

Wizard 6
o CmoveGenerator
e CsearchEngine

e ChistoryHeuristic

e CtranspositionTable

e CNegaScout TT_HH NegaScout
CsearchEngine ChistoryHeuristic  CTranspositionTable

e CEveluation

_____________________________________________________________________________________

)

CMoveGenerator MoveGenerator. h

.....................................................................................................................................................................................................................................................................................

/1 MoveGenerator. h interface for the CMoveGenerator class.

|

LELLELEET Lt ittt iiiiingg ]
#if  defined AFX_MOVEGENERATOR_H_54A88FC2_CAFC_11D5_AEC7_5254ABZE2207§~
¢ __INCLUDED_
#define AFX_MOVEGENERATOR_H_ 54A88FC2 _CAFC 11D5 AEC7_5254AB2E22C7

. __INCLUDED_

: #if _MSC_VER > 1000

{ #pragma once

¢ #endif // _MSC VER > 1000

: class CMoveGenerator

public

: CMoveGenerator
virtual ~ CMoveGenerator
/1l




. int CreatePossibleMove BYTE position GRID_NUM ~ GRID_NUM
int nPly int nSde
Fl @

. STONEMOVE m_Moveligt 10 225 i S
¢ protected :

Y

int AddMove int nFromX int nToX int nPly
int m_nMoveCount //

#endif //  defined AFX_MOVEGENERATOR_H_ 54A88FC2_CAFC_11D5_AEC7
; _5254AB2E22C7__INCLUDED_

L L T L LT L T L ey L Lot LTI rL It PRI

.....................................................................................................................................................................................................................................................................................

/| MoveGenerator. cpp implementation of the CMoveGenerator class.

LHEEEEEEEEEE i r i n i nr i irrin g
. #include " stdafx. h"

#include "renju. h"

. #include " MoveGenerator. h"

#include " HistoryHeuristic. h"

¢ #include " Eveluation. h"

* #ifdef _DEBUG

¢ #undef THIS FILE

¢ gatic BYTE THIS FILE = FILE__

? #define new DEBUG_NEW

- #endif

[HEEEEEETEE e i
/1 Construction/Destruction

THELEEEEEEE LR n b ni i i i i nrrrlrl
CMoveGenerator  CMoveGenerator

®
197
CMoveGenerator  ~ CMoveGenerator

[/ m Moveligt

. // nToX

/1 nToY

¢ /] nPly

int CMoveGenerator  AddMove int nToX int nToY int nPly



Engine

PC )
m_MoveList nPly m_nMoveCount . StonePos. x = nToX
m_MoveList nPly m_nMoveCount . SonePos.y = nToY
m_nMoveCount ++

11

m_MoveList nPly m_nMoveCount . Score = PasValue nToY nToX
return m_nMoveCount

S position

+ // position

: /] nPly

. // nSde WHITE BLACK

int CMoveGenerator  CreatePossibleMove BYTE position  GRID_NUM

int nPly int nSde
int ij
m_nMoveCount = 0
foo i =0 i < GRID_NUM i++
foo ] =0 j < GRID_NUM j++

if postion i j == BYTE NOSTONE

AddMove j i nPly

/1

/1

CHigtoryHeuristic  MergeSort m_MoveList nPly  m_nMoveCount O
return m_nMoveCount //

CsearchEngin ChistoryHeuristic

CTranspositionTable 3 NegaScout CNegascout_TT_HH

CSearch-
CNegaScout TT _HH



CSearchEngine

CSearchEngine SearchEngine. h @

/| SearchEngine. h interface for the CSearchEngine class.
1 LEEEEEEHEE e r b e b e r i b e b i
; #f  defined AFX_SEARCHENGINE_H_2AF7A220 CB28 11D5 AECT7_
5254AB2E22C7__INCLUDED _
#define AFX_SEARCHENGINE_H__ 2AF7A220 CB28 11D5 AEC7 5254AB2E22C7
¢ __INCLUDED_
#f MSC_VER > 1000

#pragma once

#endif // _MSC VER > 1000

#include " MoveGenerator. h"

#include " Eveluation. h"

class CSearchEngine

public

CSearchEngine

virtual ~ CSearchEngine

1

virtual SearchAGoodMove BYTE position GRID_NUM int Type =0

1

virtual SetSearchDepth int nDepth  m_nSearchDepth = nDepth

1

virtual SetEveluator CEveluation = pEval m_pEval = pEvd

1

virtual SetMoveGenerator CMoveGenerator = pMG  m_pMG = pMG

/1 ;
void SetThinkProgress CProgressCirl s pThinkProgress 19.%)

m_pThinkProgress = pThinkProgress :

protected

CProgressCtrl « m_pThinkProgress //

/1

virtual BYTE MakeMove STONEMOVE * move int type

/1

virtual void UnMakeMove STONEMOVE * move

/1

virtual int 1IsGameOver BYTE position GRID_NUM  GRID_NUM int nDepth




3

®

)

BYTE CurPosition GRID_NUM  GRID_NUM
/1

STONEMOVE m_cmBestMove
/1

CMoveGenerator = m_pMG
/1

CEveluation * m_pEval
/1

int m_nSearchDepth
/1

int m_nMaxDepth

#endif //  defined AFX_SEARCHENGINE_H_ 2AF7A220_CB28_11D5 AECY
¢ _5254AB2E22C7__INCLUDED_

T e 4

..........................................................................................................................................................................................................................................................................

/| SearchEngine. cpp implementation of the CSearchEngine class.

ST LT L LTI
: #include " stdafx. h"

¢ #include " renju. h"

#include " SearchEngine. h"

{ #ifdef _DEBUG

: #undef THIS_FILE

{ gatic char THIS FILE  =_ FILE__

¢ #define new DEBUG_NEW

¢ fendif

LHEEEEEETEEEE L i n i i i rirn
200 /1 Construction/Destruction
NN NN NNy
CSearchEngine  CSearchEngine

CSearchEngine  ~ CSearchEngine

delete m_pMG //
delete m_pEval //



s/

/ I'move
/ Itype
BYTE CSearchEngine  MakeMove STONEMOVE * move int type

CurPosition move - >SonePos.y  move - > SonePos. X = type
. return 0

LI
[ /move
void CSearchEngine UnMakeMove STONEMOVE + move

CurPosition move - >SonePos.y  move - > SonePos. x = NOSTONE

L
| 0 /
: int CSearchEngine 1sGameOver BYTE position GRID_NUM  int nDepth

int score i
/1
i = m_nMaxDepth - nDepth % 2
/1
score = m_pEval - > Eveluate position i
/1l
if abs score > 8000
return score //
return 0 //

T T L e et L T

Alpha_Beta
15 x15

HistoryHeurigtic. h



.................................................................................................................................................................................................................................................................................

/1 HistoryHeuristic. h  interface for the CHistoryHeuristic class.
FHOEEEEEEEEEEE e e e b e gy
i #if  defined AFX _HISTORYHEURISTIC _H _ _ 5870AB20 _ E3F1 _11D5 _ AEC7 _

1 5254AB2E22C7__INCLUDED_

§ #define ]
: AFX_HISTORYHEURISTIC_H_ 5870AB20_E3F1_11D5_AEC7_5254AB2E22C7__INCLUD-
TED_
; #if _MSC_VER > 1000

4 #pragma once

* #endif // _MSC_VER > 1000

class CHistoryHeuristic

public
: CHistoryHeuristic
virtual ~ CHistoryHeuristic

/1

void ResetHistoryTable

/1

int GetHistoryScore STONEMOVE  + move

/1

void EnterHistoryScore STONEMOVE s move int depth

/1
static void MergeSort STONEMOVE = source int n BOOL direction
{ protected
: /1 MergeSort

static void Merge STONEMOVE = source
STONEMOVE = target
intl intm intr

/1 MergePass

satic void MergePass STONEMOVE : source

STONEMOVE = target const int s

,) .
202 const int n
const BOOL direction
/1l MergePass

static void Merge A STONEMOVE = source
STONEMOVE = target
intl intm intr
int m_HistoryTable GRID_NUM GRID_NUM //
static STONEMOVE m_TargetBuff 225  //

#endif //  defined AFX_HISTORYHEURISTIC_H __5870AB20 _E3F1_11D5_AECT7 _
{ 5254AB2E22C7__INCLUDED




HistoryHeuristic. cpp

....................................................................................................................................................................................................................................................................................

/1 HistoryHeurigtic. cpp implementation of the CHistoryHeuristic class.
LEEHEEEEEET b b n b e n b b b r i i nn gy
- #include " stdafx. h"

#include "renju. h"

#include " HistoryHeuristic. h"

: #ifdef _DEBUG

_ #undef THIS FILE

¢ gatic char THIS FILE  =__FILE__

! #define new DEBUG_NEW

: #endif

STONEMOVE CHistoryHeuristic  m_TargetBuff GRID_COUNT

LEEHEEEEEEEE b i n b b b i i rnn g
/1 Construction/Destruction

(EEEEEEEETTEE T b b e b b il
CHistoryHeuristic  CHistoryHeuristic

CHistoryHeuristic  ~ CHistoryHeuristic
L1
void CHistoryHeuristic ResetHistoryTable
memsat m_HistoryTable 10 GRID_COUNT :* sizeof int

Y
int CHistoryHeurigtic  GetHistoryScore STONEMOVE = move

return
m_HistoryTable move - > StonePos. x  move - > StonePes. y

o
void CHistoryHeuristic  EnterHistoryScore
: STONEMOVE s move int depth

m_HistoryTable move - > StonePos. x  move - > StonePos. y
' + =2 < <depth

®
203



L )

/)
¢ /ISTONEMOVE + source
. //STONEMOVE s target

/1 source | m  source m+1 r  target | r
void CHistoryHeurigtic Merge
: STONEMOVE * source

STONEMOVE  * target

intl intm intr

1
inti =1
intj =m+ 1
intk =1
while i <=m && j <=7
if source i .Score <= source j . Score
target k ++ = source i ++
ese
target k ++ = source j ++
if i >m
for intq=j qg<=r gq++
target k++ = source g
else
forintg =i g <=m g++
target k++ = source q
o

. // STONEMOVE  source

* /] STONEMOVE s target

/1 source I...m  source m+1...r  target I...r
void CHistoryHeuristic  Merge A

STONEMOVE = source
STONEMOVE  * target

intl intm intr

204

/1

I
intj =m + 1
: intk =1
fwhile i <=m && j <=
if source i .Score >= source j . Score
target k++ = source i++

inti



: else

target k ++ = source j ++
if i >m

for intg =j g<=r gq++

target k++ = source q
:;-forintq:i gq<=m q++
target k++ = source q
o s

© //direction

7 void CHistoryHeuristic  MergePass

STONEMOVE : source
STONEMOVE = target const ints
Const int N const BOOL direction

inti =0
while i <= n- 2 % s

/1 S
if direction
Merge source target i i +s- 1 i +2 xs-1
else
Merge A source target i i +s- 1 i +2 %s-1
iZi+2=xs
if i +s<n [// 2s
if direction
Merge source target i i +s- 1 n- 1
else
Merge A source target i i +s- 1 n- 1
ese
for intj =i j<=n-1 j++

target | = source |

-y
Il

®
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¢ [ /source

¢ /n

. //direction

void CHistoryHeuristic  MergeSort

STONEMOVE = source
int n BOOL direction

ints =1
while s < n

MergePass source m_TargetBuff s n  direction
s+=35s
MergePass m_TargetBuff source s n direction
sS+=35s

L T e e L L L O L Pt L ROt L Nt ST N L RO L RO SOt RPL e] REOL NSO RO NP L RO NSO RSP RSP ST NS NSNS 4

....................................................................................................................................................................................................................................................................................

/ I TranspositionTable. h interface for
{ //the CTranspositionTable class.
ST L LTI ]
: !
. defined AFX_TRANSPOSITIONTABLE_H_ 716F8220_CEEA _11D5_AEC7_5254AB2E22CT_°
¢ INCLUDED_
. #define AFX_TRANSPOSITIONTABLE_H__716F8220_CEEA_11D5 AEC7_5254AB2E22C7__:
¢ INCLUDED_
. #f _MSC_VER > 1000
#pragma once
. #endif // _MSC_VER > 1000
F
enum ENTRY_TYPE exact lomer_bound upper_bound
.y
_ typedef struct HASHITEM
: LONGLONG checksum ~ // 64

ENTRY_TYPE entry type //

short depth //



short eval //
Hashltem
class CTranspositionTable

public
CTranspositionTable
virtual ~ CTranspositionTable
/1
void CalculatelnitHashKey
BYTE CurPosition 15 15
/1
void Hash MakeMove
STONEMOVE : move
BYTE CurPosition 15 15
/1
void Hash_UnMakeMove
STONEMOVE = move
BYTE CurPosition 15 15
/1
int LookUpHashTable
int apha int beta
int depth int TableNo
/1
void EnterHashTable ENTRY_TYPE entry_type
short eval
short depth int TableNo
/1
void InitializeHashKey

/1132 32
UINT m_nHashKey32 2 15 15 ,
O)
/164 64 ;o207

ULONGLONG m_ulHashKey64 2 15 15
/1

Hashitem = m pTT 2

UINT m_HashKey32 //32

LONGLONG m_HashKey64 //64

#endif //  defined AFX_TRANSPOSITIONTABLE_H__ 716F8220 CEEA_11D5_ AECY7
: _5254AB2E22C7_ INCLUDED_




e )

®

208 *

TranspositionTable. cpp

......................................................................................................................................................................................................................................................................

/1 TranspositionTable. cpp implementation of the CTranspositionTable class.
ST LT LTI ]
#include " stdafx. h"

¢ #include " renju. h"

#include " TranspositionTable. h"

! #ifdef _DEBUG

: #undef THIS_FILE

¢ gatic char THIS FILE  =_ FILE__

: #define new DEBUG_NEW

¢ #tendif

LHELEEEETEEEE i i rr it rn i i rr
¢ |/ Construction/Destruction

LHELEETEEEE L i n i rr i i i i nrrrrl
i 64

LONGLONG rand64 void

return rand LONGLONG rand << 15
LONGLONG rand << 30
LONGLONG rand << 45
LONGLONG rand < < 60

ol 32

LONG rand32 void

return rand LONG rand << 15
LONG rand << 30

CTranspositionTable  CTranspositionTable
InitializezHashKey  //
CTranspositionTable  ~ CTranspositionTable
/1

delete m pTT O
delete m pTT 1



L/
: void CTranspositionTable  InitializeHashKey

intijk
/1

sand unsigned time NULL
/1
foo k =0 k <2 k++

foor i =0 i < GRID_ NUM i++
foo j =0 j < GRID_NUM j++
m_nHashKey32 k i | = rand32
m ulHashKey64 k i j = randb4
/1l IM =2
m_pTT O = new Hashltem 1024 = 1024
m pTT 1 = new Hashitem 1024 s« 1024
.y 32 64
¢ /I CurPosition

void CTranspositionTable  CalculatelnitHashKey
: BYTE CurPosition GRID_NUM  GRID_NUM

inti j nStoneType
m HashKey32 = 0
m_HashKey32 = 0
/1
foo i =0 i < GRID_NUM i++
for j =0 j < GRID_NUM j++

nSoneType = CurPosition i |
if nStoneType = NOSTONE

m_HashKey32 = m HashKey32
m_nHashKey 32 nStoneType i |

m_HashKey64 = m_HashKey64
m_ulHashKey64 nSoneType i |

®
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/ s
-\% /1 move
=J| | ¢ 11 curPostion
vaid CTranspositionTable Hash_MakeMove
STONEMOVE # move
BYTE CurPosition GRID_NUM  GRID_NUM

int type
type = CurPosition move - >SonePos.y  move - > StonePos. X
/1
m_HashKey32 = m_HashKey32
m_nHashKey32 type move- >3onePos.y move - > SonePes. X
m_HashKey64 = m_HashKey64
m_ulHashKey64 type move- >SonePos.y  move - > StonePos. X

/1 Hash_MakeMove Hash_MakeMove

¢ /1 move

* /] CurPosition

1 void CTranspositionTable Hash_UnMakeMove
STONEMOVE # move
BYTE CurPosition GRID_ NUM  GRID_NUM

int type
type = CurPosition move - > SonePos.y  move - > StonePos. X
-y
; m_HashKey32 = m_HashKey32
m_nHashKey32 type move- >3onePos.y move - > SonePos. X
m_HashKey64 = m_HashKey64
m_ulHashKey64 type move- >SonePos.y move - > SonePos. x

®
210 /]
: //dpha apha- beta
{ //beta alpha- beta
* //depth
{ //TableNo
* int CTranspositionTable  LookUpHashTable int alpha
{ int beta int depth int TableNo

int X



Hashltem = pht

/I 20
/I TableSize 2 TableSize

/] m_HashKey32% TableSize
/1

x =m_HashKey32&0xFFFFF
: pht =&m pTT TableNo x //
if pht->depth >= depth && pht - >checksum == m_HashKey64

switch pht - >entry type //

case exact //
return pht - > eva
case loner_bound //
if pht->eva >= beta
return pht - >eval
else
break
case upper_bound //
if pht->eval <= apha
return pht - > eval
else
break

/1
return 66666

y

- //ENTRY_TYPE entry_type

C I eval

¢ // depth

: // TableNo

void CTranspositionTable EnterHashTable
ENTRY_TYPE entry_type

short eval  short depth int TableNo

int X
Hashltem =« pht

®
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®
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x = m_HashKey32 & OXFFFFF //20

pht = &m pTT TableNo x //

pht - >checksum = m HashKey64 //64
pht - >entry type = entry type //
pht->eval = eva [/

pht - >depth = depth //

L e L Pt e e 1 4

3 CNegaScout HH_TT

NegaScout_TT_HH. h
/ INegaScout_TT_HH. h interface
© I /for the NegaScout_TT_HH class.
FHPLEETEEEEE R b b n b it i e n i b i
#f  defined AFX_NEGASCOUT TT_HH_H_ 42GRID_NUM8561_E8SBC 11D5 AECT7_
5254AB2E22C7__INCLUDED _
¢ #define ]
AFRX_NEGASCOUT_TT_HH H_ 42GRID_NUMB561 E8BC 11D5 AEC7 524AB2E22C7 INCLUDED _
. #f _MSC_VER > 1000 1
#pragma once
. #endif // _MSC_VER > 1000
#include " SearchEngine. h"
. #include " TranspositionTable. h"
#include " HistoryHeuristic. h"
. class CNegaScout_TT_HH
" public CTranspositionTable
public CHistoryHeuristic
public CSearchEngine

public

CNegascout_TT_HH

virtual ~ CNegaScout_TT_HH

I

virtual SearchAGoodMove
BYTE position GRID_NUM  GRID_NUM
int Type

protected



/1 NegaScout
int NegaScout int depth int dpha int beta

-1
. // defined AFX_NEGASOOUT_TT_HH_H_ 42GRID_NUMB8561_ESBC 11D5 AECT7_
¢ 5254AB2E22C7__INCLUDED _

L L T T T T Lt (T rL IeeL AL A

/INegaScout_TT_HH. cpp implementation

¢ //df the NegaScout_TT_HH dlass.
o
¢ #include " stdafx. h"

#include "renju. h"

¢ #include " NegaScout_TT_HH. h"

. #ifdef _DEBUG

¢ #undef THIS FILE

. static char THIS FILE  =__FILE__

¢ #define new DEBUG_NEW

C #enaif
ST ] ]
_ /1 Congtruction/Destruction
o
| CNegaScout_TT_HH  CNegaScout_TT_HH

ResetHistoryTable
m_pThinkProgress = NULL

: ONegaScout TT HH  ~ CNegaScout_TT_HH
; ®
¢ CNegaScout_TT_HH  SearchAGoodMove

BYTE position GRID_ NUM  GRID_NUM

int Type
int Score
memcpy CurPosition position GRID_COUNT
m_nMaxDepth = m_nSearchDepth /1
CdculatelnitHashKey CurPosition /1

ResetHistoryTable /1l



3

®

214 }

)
11 NegaScout
Score = NegaScout m _nMaxDepth - 20000 20000
/1
if CurPosition m_cmBestMove. StonePos. y
m_cmBestMove. StonePos. x = NOSTONE

if Score <O
1
MessageBox NULL
"Game Over You Win " "Renju" MB_OK
else
/1

MessageBox NULL
"Game Over You Loss... " "Renju" MB_OK

MakeMove &m cmBestMove Type /1l
memcpy position CurPosition GRID_COUNT  //

L 11 Negascut
int CNegaScout TT HH NegaScout int depth int alpha
int beta

int Count i
BYTE type
intabt

int sde

int score

if depth>0

i = IsGameOver CurPosition depth
if i =0
returni  //

/1 o/ 1

sde = m nMaxDepth - depth %2

/1

score = LookUpHashTable alpha beta depth side
if score = 66666

return score /1



if depth <= 0 /1

score = m pEval - >Eveluate CurPosition side @
Y

{ EnterHashTable exact score depth side
return score //

/1

Count = m_pMG - > CreatePossibleMove
CurPosition depth sde

if depth == m_nMaxDepth

/1
m_pThinkProgress - > SetRange 0 Count
m_pThinkProgress - >SetSep 1

/]
foo i=0i<Count i++

m_pMG - >m_Movelist depth i .Scoe =
{ GetHistoryScore &m pMG - >m_Movelist depth i

o

MergeSort m_pMG - >m_Movelist depth  Count O
int bestmove = - 1

a = apha
b = beta
int eval is exact = 0
foo i =0 i < Count i++
)
if depth == m nMaxDepth ;218
m_pThinkProgress - > Steplt  //
/1
type = MakeMove &m pMG- >m Moveligt depth i sde
/11
Hash MakeMove &m pMG- >m Movelist depth i CurPosition
/11 1

t = - Negacout depth-1 -b -a



~
3

)

't if t>a&&t <beta&&i >0
% /1 fail high
=7 | i  a= -Negacout depth-1 -beta -t //
eval jsexact =1 //
if depth == m _nMaxDepth //
m _cmBestMove = m pMG - >m Movelist depth i
bestmove =i //

/1
Hash_UnMakeMove &m pMG- >m Movelist depth i  CurPostion
/1
UnMakeMove &m pMG - >m Movelist depth i
if a<t
/M1
eva isexact =1 //
a=t
if depth == m nMaxDepth //

{ m_cmBestMove
. M pMG- >m Movelist depth i

if a >= beta

I
EnterHashTable loner_bound a depth side
{ /1
EnterHistoryScore &m pMG - >m Movelist depth i depth
; return a //beta

b=a+1 /1

o : if bestmove = -1
216 : /
EnterHistoryScore &m pMG - >m_Movelist depth bestmove  depth
2L
if eval_is exact
EnterHashTable exact a depth side
else
EnterHashTable upper_bound a depth side
reuna //
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CEveluation
Eveluation. h

Eveluation. h
/ /Eveluation. h interface for the CEveluation class.
FOEEEEEEEEEEE i b b r e r b e b r it rnn g
#if  defined AFX_EVELUATION_H_ 2AF7A221 CB28 11D5 AEC7 5254AB2E22C7__
{ INCLUDED_
#define AFX_EVELUATION_H_ 2AF7A221_CB28 11D5 AEC7_5254AB2E22C7__INCLUDED _
© #f _MSC_VER > 1000
#pragma once
. #endif // _MSC_VER > 1000
Ly

L #define STWO 1 1l
¢ #define STHREE 2 /1
. #define SFOUR 3 /1
¢ #define TWO 4 /1
. #define THREE 5 Il
¢ #define FOUR 6 /1
- #define FIVE 7 /1

¢ #define NOTYPE 11 /1

- #define ANALSISED 255 //
¢ #define TOBEANALSISO //
-y

{ extern int Posvalue 15 15
class CEveluation

public

CEveluation
virtual ~ CEveluation
C 1 blsWhiteTurn
* virtual int Eveluate BYTE position  GRID_NUM
) BOOL blsWhiteTurn

protected

®
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/11

int AnalysisHorizon BYTE position GRID_NUM
inti intj

11

int AnalysisVertical BYTE position GRID_NUM
inti intj

11 45

int AnalysisLeft BYTE position GRID_NUM
inti intj

/1 45

int AnalysisRight BYTE pasition GRID_NUM
inti intj

11

int AnalysisLine BYTE = position
int GridNum int StonePos

/1 AnalysisLine

BYTE m_LineRecord 30

/11

/1l 4

/11

int TypeRecord GRID_NUM GRID_NUM 4

/1

int TypeCount 2 20

? #endif /1 defined AFX_EVELUATION H_ 2AF7A221_CB28_11D5_AECT_5254AB2E22CT_ |
* INCLUDED _ :

L T L

Eveluation. cpp



/ IEveluation. cpp implementation of the CEveluation class.
ST LTI T ] ' @
: #include " stdafx. h"

#include " renju. h"

#include " Eveluation. h"

. #include " math. h"

¢ #ifdef _DEBUG

{ #undef THIS_FILE

* static char THIS FILE  =__ FILE__

. #define new DEBUG_NEW

: #endif

-y

* int Posvalue GRID_NUM GRID_NUM =

0000000O0OO0OO0OO0COOO

011111111111110

012222222222210

012333333333210

012344444443210

012345555543210

012345666543210

012345676543210

012345666543210

012345555543210

012344444443210

012333333333210

012222222222210

011111111111110

000000000000000O0 21%
C
:.%-intcount:O

FEELLLETIEEE i pr bbb b i irnn g
/| Construction/Destruction

LELELEEEEE I i nn i b i i i i irnn
CEveluation CEveluation
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¢ CEveluation ~ CEveluation

F

. //position

© //blsWhiteTurn TRUE  FALSE
- int CEveluation Eveluate BYTE posiion ~ GRID_NUM
‘ BOOL blswhiteTurn

inti j k
BYTE nSoneType
count ++ //
I
memset TypeRecord TOBEANALSS GRID_COUNT 4 x4
memset TypeCount O 40 x4
/1 4
fo i=0 i<GRID_ NUM i++
for j=0 j<GRID_NUM j++

if pogtion i ] = NOSTONE
/1
if TypeRecord i j 0 == TOBEANALSS
AnalysisHorizon position i j
/1
if TypeRecord i j 1 == TOBEANALSS
AnalysisVertical position i j
/1
if TypeRecord i j 2 == TOBEANALSS
>0 AnalysisLeft position i |
: /1
if TypeRecord i j 3 == TOBEANALSS

AnaysisRight position i j

/!
foo i=0 i<GRID_NUM i++
for j=0 j<GRID_NUM j++
fo k=0 k<4 k++



nSoneType = position 1 j
if nSoneType = NOSTONE

switch TypeRecord i | k

case FIVE //
TypeCount nSoneType FIVE ++
break

case FOUR //
TypeCount nSoneType FOUR ++
break

case SFOUR //
TypeCount nSoneType SFOUR ++
break

case THREE //
TypeCount nSoneType THREE ++
break

case STHREE //
TypeCount nSoneType STHREE ++
break

case TWO /1
TypeCount nSoneType TWO ++
break

case STWO /1
TypeCount nStoneType STWO ++
break

default
break

®
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/1
if blswhiteTurn

if TypeCount BLACK FIVE
return - 9999
if TypeCount WHITE FIVE



222
¢ TypeCount BLACK SFOUR && TypeCount BLACK THREE

return 9999

else

if TypeCount BLACK FIVE
return 9999

if TypeCount WHITE FIVE
return - 9999

/1
if TypeCount WHITE SFOUR > 1
TypeCount WHITE FOUR ++
if TypeCount BLACK SFOUR > 1
TypeCount BLACK FOUR ++
int WValue=0 BVaue=0
if blswhiteTurn
/1
if TypeCount WHITE FOUR
/1
return 9990

if TypeCount WHITE SFOUR
/1

return 9980
if TypeCount BLACK FOUR
/1

return - 9970

if

I/
return - 9960

if

TypeCount WHITE THREE && TypeCount BLACK SFOUR

1/
return 9950



if TypeCount BLACK THREE > 1 &&

TypeCount WHITE SFOUR == 0 && :
TypeCount WHITE THREE == 0 && @
TypeCount WHITE STHREE == 0

/1
return - 9940

/1 2000

if TypeCount WHITE THREE > 1
WValue + = 2000
ese // 200
if TypeCount WHITE THREE
Wvaue + = 200

/1l 500
if TypeCount BLACK THREE > 1
Bvaue + = 500
ese // 100
if TypeCount BLACK THREE
Bvaue + = 100

1 10
if TypeCount WHITE STHREE
WValue + = TypeCount WHITE STHREE 10
/1 10
if TypeCount BLACK STHREE
BValue + = TypeCount BLACK STHREE =10
/1 4
if TypeCount WHITE TWO
WVaue + = TypeCount WHITE TWO =4
/1 4 22.>3
if TypeCount BLACK STWO
BValue + = TypeCount BLACK TWO x4
/1 1
if TypeCount WHITE STWO
WValue + = TypeCount WHITE STWO
/1 1
if TypeCount BLACK STWO
BValue + = TypeCount BLACK STWO




®
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else
/1
if TypeCount BLACK FOUR
/1
return 9990

if TypeCount BLACK SFOUR
/1
return 9980

if TypeCount WHITE FOUR
/1
return - 9970

if

TypeCount WHITE SFOUR && TypeCount WHITE THREE

/1
return - 9960

if

* TypeCount BLACK THREE && TypeCount WHITE SFOUR

I/
return 9950

if TypeCount WHITE THREE > 1 &&

TypeCount BLACK SFOUR == 0 &&
TypeCount BLACK THREE == 0 &&
TypeCount BLACK STHREE == 0
/1
return - 9940
/1 2000

if TypeCount BLACK THREE > 1
BValue + = 2000
ese // 200
if TypeCount BLACK THREE
BVvalue + = 200

/1 500



if TypeCount WHITE THREE > 1
WVaue + = 500
else // 100
if TypeCount WHITE THREE
WValue + = 100

/1 10
if TypeCount WHITE STHREE
WVaue + = TypeCount WHITE STHREE =10
/1 10
if TypeCount BLACK STHREE
BValue + = TypeCount BLACK STHREE =10
/1 4
if TypeCount WHITE TWO
WVaue + = TypeCount WHITE TWO =4
/1 4
if TypeCount BLACK STWO
Bvaue + = TypeCount BLACK TWO x4
1 1
if TypeCount WHITE STWO
WVaue + = TypeCount WHITE STWO
/1 1
if TypeCount BLACK STWO
BValue + = TypeCount BLACK STWO

i =0 i <GRID_NUM i++
for j=0 j<GRID_NUM j++

nSoneType = position 1 j 22.%
if nSoneType = NOSTONE :

if nSoneType == BLACK
Bvaue + = Posvaue i |
else
WVdue + = PosVaue i |

/1



~
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if blswhiteTurn
return BValue - WValue
else

return WValue - BVaue

/1l

int CEveluation AnalysisHorizon
BYTE position ~ GRID_NUM
inti intj

/1
AnalysisLine position i 15 |
/1
for ints =0 s <15 s++

if m LineRecard s = TOBEANALSS
TypeRecord i s 0 = m LineRecord s
return TypeRecord i j O

/1
int CEveluation AnalysisVertica
BYTE position GRID_NUM inti intj

BYTE tempArray GRID_NUM

/1

for intk =0 k < GRIDNUM Kk ++
tempArray k = position Kk j

/1

® AnalysisLine tempArray GRID_NUM i
226 : /]

for ints =0 s < GRID_ NUM s++

if m LineRecord s = TOBEANALSS
TypeRecord s j 1 = m_LineRecard s

return TypeRecord i j 1

/1



int CEveluation AnalysisLeft
BYTE position  GRID_NUM inti intj

BYTE tempArray GRID_NUM
int x y
if i <j

ese

/11
foo intk =0 k < GRID_NUM k ++

if x+k>14||y+k >14
break
tempArray k = position y+k x+Kk

/1

AnalysisLine tempArray k j- x
11

for ints =0 s <k s++

if m_LineRecord s = TOBEANALSS
TypeRecord y+s x+s 2 = m_LineRecard s
return TypeRecord i | 2

/1
int CEveluation  AnalysisRight
BYTE position  GRID_NUM inti intj

BYTE tempArray GRID_NUM
int X y realnum
if 14 - i <]

®
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y =14
‘\% X=j-14 +i
= reAnum = 14 - i
': ese
x=0
y = i+]
realnum = j

/1
for intk =0 k < GRID_ NUM Kk ++

if x+k>14]|y- k<0
break
tempArray k = position y- k  x+Kk

/1

AnalysisLine tempArray k j- x
/1

for ints=0 s <k s++

if m_LineRecord s = TOBEANALSS
TypeRecord y-s x+s 3 = m LineRecord s

return TypeRecord i j 3

/1

/1

/1 BYTE = position

/1 GridNum

/1 StonePos

int CEveluation AnalysisLine BYTE = position
int GridNum int StonePos

®
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BYTE StoneType

BYTE AnalyLine 30

int nAnalyPos

int LeftEdge RightEdge
int LeftRange RightRange



if GridNum < 5
/1 5 .
memset m LineRecord ANALSISED GridNum @
return O i

nAnalyPos = StonePos
memset m_LineRecord TOBEANALSS 30
memset AnalyLine OxOF 30

/1l AnayLine
memcpy &AnaylLine position  GridNum
GridNum - -

SoneType = AnayLine nAnayPos
LeftEdge = nAnalyPos

RightEdge = nAnalyPos

/1

while LeftEdge > O

if AnalyLine LeftEdge- 1 = SoneType
break
LeftEdge - -

/1
while RightEdge < GridNum

if AnalyLine RightEdge +1 = SoneType
break
RightEdge ++

LeftRange = LeftEdge
RightRange = RightEdge
/1

while LeftRange > 0

®
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if AnayLine LeftRange -1 == Sonelype
break
LeftRange - -

while RightRange < GridNum



~
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)

if AnayLine RightRange+1 == SoneType
break
RightRange ++

/1 4
if RightRange - LeftRange < 4

for int k = LeftRange k <= RightRange k ++
m_LineRecord k = ANALSSED
return FALSE

/1
for int k = LeftEdge k <= RightEdge k ++
m_LineRecord k = ANALSSED
if RightEdge - LeftEdge > 3
/1
m_LineRecord nAnalyPos = FIVE
return FIVE

if RightEdge - LeftEdge ==
/1
BOOL Leftfour = FALSE
if LeftEdge > O

if AnalyLine LeftEdge- 1 == NOSTONE
Leftfour = TRUE //

if RightEdge < GridNum
11

>0 if AndyLine RightEdge+1 == NOSTONE
/1
if Leftfour == TRUE //
m_LineRecord nAnalyPaos
else

m_LineRecord nAnalyPas

FOUR //

SFOUR //

else

if Leftfour == TRUE [/



m_LineRecord nAnalyPos = SFOUR //

if Leftfour = TRUE //
m_LineRecord nAnalyPos = SFOUR //

return m_LineRecord nAnalyPos

if RightEdge - LeftEdge ==
/1
BOOL LeftThree = FALSE
if LeftEdge > 1

if AnalyLine LeftEdge- 1 == NOSTONE
1
if LeftEdge>1&&
AnayLine LeftEdge- 2 ==AnalyLine LeftEdge
/1
m_LineRecord LeftEdge = SFOUR //
m_LineRecord LeftEdge- 2 = ANALSSED

else
LeftThree = TRUE

if RightEdge < GridNum

if AnalyLine RightEdge+1 == NOSTONE
11
if RightEdge < GridNum - 1
&&AnalyLine RightEdge+2 ==AnayLine RightEdge
/1 1
m_LineRecord RightEdge = SFOUR //
m_LineRecord RightEdge +2 = ANALSISED

®
231

else

if LeftThree == TRUE //



C_Fe )
. m_LineRecord RightEdge = THREE /1
gl e
e m_LineRecord RightEdge = STHREE I
else
if m_LineRecord LeftEdge == SFOUR //
return m_LineRecord LeftEdge /1
if LeftThree == TRUE /1
m_LineRecord nAnalyPos = STHREE /1
else
if m_LineRecord LeftEdge == SFOUR //
return m_LineRecord LeftEdge //
if LeftThree == TRUE [/
m_LineRecord nAnalyPos = STHREE //
return m_LineRecord nAnalyPos
if RightEdge - LeftEdge ==
/1
BOOL Lefttwo = FALSE
BOOL Leftthree = FALSE
if LeftEdge > 2
if AnalyLine LeftEdge- 1 == NOSTONE
i 7
232 ¢
if LeftEdge-1 > 1 &&
AndyLine LeftEdge- 2 == AnayLine LeftEdge
if AnayLine LeftEdge- 3 == AnalyLine LeftEdge
/1 2
m_LineRecord LeftEdge- 3 = ANALSSED
m_LineRecord LeftEdge- 2 = ANALSSED

m_LineRecord LeftEdge = SFOUR //



else
if AnalyLine LeftEdge - 3
/1 1
m_LineRecord LeftEdge- 2 = ANALSSED
m_LineRecord LeftEdge = STHREE //

else
Lefttwo = TRUE

if RightEdge < GridNum- 2

if AnalyLine RightEdge+1 == NOSTONE
1
if
RightEdge +1 < GridNum- 1 && AnayLine RightEdge +2
== AnayLine RightEdge

: if

AnalyLine RightEdge +3 == AnalyLine RightEdge

1 /1

m_LineRecord RightEdge +3 ANALSSED
m_LineRecord RightEdge +2 = ANALSSED
m_LineRecord RightEdge = SFOUR [/

else
if AnalyLine RightEdge+3 == NOSTONE
1 1
m_LineRecord RightEdge+2 = ANALSISED
m_LineRecord RightEdge = STHREE //
ese
if m_LineRecord LeftEdge == SFOUR //
return m_LineRecord LeftEdge //
if m_LineRecord LeftEdge == STHREE

1

®
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", return m_LineRecord LeftEdge

)| | ¢ if Lefttwo == TRUE

m_LineRecord nAnalyPos = TWO //
else
m_LineRecord nAnalyPos = STWO //
else
if m_LineRecord LeftEdge == SFOUR

return m_LineRecord LeftEdge //
if Lefttwo == TRUE
m_LineRecord nAnalyPos = STWO //

return m_LineRecord nAnalyPos

return O

Al
10.2
New Game” 10.3 Diadog

®
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Dialog 10.1 2
Radio Button Edit Spinbutton
ID 10. 4 ID IDD_NEWGAME
Wizard CnewGame CNewGame

1 newgame. h
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10.2

Select color of stone—————————— Search Deepth

& Black Stone(move first) IG
 White Stone

10.3 “ New Game”

®
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—Select color of stone—————————— Search Deepth E EE,_fIDC_PLY

£ Black Stane(move first) IEdit :IMH

" White Stone

IDOK

IDC_BLACKSTOMNE IDC_WHITESTONE

10.4 New Game
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- //Overrides
/ IClassWizard generated virtual function overrides
: /1 AFX_VIRTUAL CNewGame

236 -

.....................................................................................................................................................................................................................................................................................

- #if

defined AFX_NEWGAME_H__BO962A80_DS57_11D5_AECT_5254AB2E22C7__INCLUDED_ |

: #idefine AFX_NEWGAME_H__B0962A80_D557_11D5_AEC7_5254AB2E22C7__INCLUDED_
© #if _MSC_VER > 1000 1
#pragma once

. #endif // _MSC_VER > 1000

¢ //NewGame. h  header file
ST ]

* //CNewGame dialog

class CNewGame  public CDialog

{ // Construction

public

. CNewGame CWnd = pParent = NULL /| standard constructor
Y

int GetSelectedPly  return m_nSelectedPly
F

int GetSoneColor return m_nSoneCalor
: //Didlog Data

. // AFX_DATA CNewGame

‘ enum  IDD = IDD_NEWGAME
CSpinButtonCitrl m_SetPly //SpinButton

AFX_DATA

protected

/ /DDX/DDV support

virtual void DoDataExchange CDataExchange = pDX
AFX_VIRTUAL

/ /1mplementation
: protected

int m_nSelectedPly //

int m_nSoneColor //

/ | Generated message map functions
Il AFX_MSG CNewGame

virtual void OnOK

virtual BOOL OnlnitDialog



/1 IDC_BLACKSTONE
afx_msg void OnBlackstone
/1 IDC_WHITESTONE
afx_msg void OnWhitestone
[l ARX_MSG
DECLARE_MESSAGE_MAP

/1 AFX_INSERT_LOCATION

/1 Microsoft Visud C++ will insert additional declarations immediately before the previous line.

- #endif :
/] defined AFX_NEWGAME_H_ BO962A80_DS57 1105 _AECT 5254AB2E22C7 _INCLUDED |

Tttt et et st sttt ettt s et bt bbbt st s ettt bt et b,

/ INewGame. cpp  implementation file

ELL LTI T ]
#include " stdafx. h"

¢ #include " renju. h"

#include " NewGame. h"

* #ifdef _DEBUG

: #define new DEBUG_NEW

¢ #undef THIS FILE

: static char THIS FILE = __FILE__

¢ spendiif
ST
¢ //CNewGae dialag
S]]
| CNewGame CNewGame CWnd * pParent / + =NULL  /

: CDialogy CNewGame IDD pParent

®
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/1 AFX_DATA_INIT CNewGame
/1 NOTE the ClassWizard will add member initialization here

/1 AFX_DATA_INIT
void CNewGame DoDataExchange CDataExchange = pDX
CDialog DoDataExchange pDX

/1 AFX_DATA_MAP CNewGame
DDX_Contrd pDX IDC PLY m_SetPly
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/I AFX_DATA_MAP

| BEGIN_MESSAGE_MAP CNewGame CDialog

/I AFX_MSG_MAP CNewGame
ON_BN_CLICKED IDC_BLACKSTONE OnBlackstone
ON_BN_CLICKED IDC_WHITESTONE OnWhitestone
/1 AFX_MSG_MAP

. END_MESSAGE_MAP
ST ]
. //CNewGame message handlers
ST ]
{ void CNewGame  OnOK

/] TODO Add extra vaidation here
/1

m_nSelectedPly = m_SetPly. GetPos
CDidlog OnOK

. BOOL CNewGame OnlrnitDialog

CDialog OninitDialog
/1 TODO Add extra initialization here
CButton = GetDlgltem IDC_BLACKSTONE - > SetCheck TRUE
m_nStoneColor = BLACK //
m SetPly. SetRange 1 5 //

m_SetPly. SetPos 3 /1 3
/ Ireturn TRUE unless you set the focus to a contral
return TRUE

[/ TEXCEPTION OCX Property Pages should return FALSE

void CNewGame OnBlackstone

238 |

/1 TODO Add your contra natification handler code here
m_nSoneColor = BLACK //

void CNewGame OnWhitestone

/1 TODO Add your contrd natification handler code here
m_nSoneCoor = WHITE //
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CRenjuDIg
15 x 15

..........................................................................................................................................................................................................................................................................

//member of CRenjuDIg

BYTE m_RenjuBoard 15 15 // CRenjuDlg
renjuDlg. h renjuDlg VC Wizard
WM _LBUTTONDOWN WM _INITDIALOG
“ New Game” “ New Game”

.....................................................................................................................................................................................................................................................................................

¢ //renjuDlg. h  header file
L it ]
defined AFX_RENJUDLG H_ 2B09B234_CA39 11D5 AEC7 5254AB2E22C7_ INCLUDED_
{ #define AFX_RENJUDLG_H_ 2B09B234_CA39_11D5 AEC7_5254AB2E22C7__INCLUDED_;
¢ #f _MSC_VER > 1000
#pragma once

. #fendif // _MSC_VER > 1000

¢ #include " define. h"

. #include " SearchEngine. h"

#include " NegaScout_TT_HH. h"

typedef struct _movestone

BYTE nRenjulD
POINT ptMovePoint
¢ MOVESTONE
LHETEEEREREE i n i rr i r i i rr i niriiring
¢ //CRenjuDlg dialog
class CRenjuDlg  public CDialog

/ ] Construction 239
public
CRenjuDlg CWnd * pParent = NULL //standard constructor
{ // Dialog Data
: /] AFX_DATA CRenjuDlg
1 enum IDD = IDD_RENJU_DIALOG

CProgressCirl m_ThinkProgress

CSatic m_Outputlnfo

/1 AFX_DATA

/| ClassWizard generated virtual function overrides



3
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/1 AFX_VIRTUAL CRenjuDlg
protected
virtual void DoDataExchange CDataExchange = pDX //DDX/DDV support
; /1 AFX_VIRTUAL
£ // Implementation
protected
{ HICON m_hicon
void InvertRenjuBroad
/1 Generated message map functions
Il AFX_MSG CRenjuDlg
virtual BOOL OnlnitDialog
afx_msg void OnPaint
afx_msg HCURSOR OnQueryDraglcon
afx_msg void OnLButtonDoan UINT nFlags CPaint point
afx_msg voild OnNewgame
/1 AFX_MSG
; DECLARE_MESSAGE_MAP
private
] BYTE m_RenjuBoard GRID_NUM  GRID_NUM
/1
int m_nUserSoneColor //
CSearchEngine =m pSE  //

- //  AFX_INSERT_LOCATION

/1 Microsoft Visua C++ will insert additional declarations immediately before the previous line.

. #endif
¢ /I defined AFX_RENJUDLG H_ 2B09B234 CA39 11D5 AECT 5254AB2E22C7_ INCLUDED_ |

L e e e el e 1 4

[ IrenjuDlg. cpp  implementation file
#include " stdafx. h"

L #include "renju. h"

#include "renjuDlg. h"

¢ #include " newgame. h"

#include " MoveGenerator. h"

! #ifdef _DEBUG

. #define new DEBUG_NEW

¢ #undef THIS_FILE

| satic char THISFILE = __FILE__
+ sendif
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? /1 CAboutDIg dialog used for App About
S
¢ /1 CRenjuDIg dialag

CRenjuDlg CRenjuDlg CWnd = pParent / = =NULL = /

; CDialog CRenjuDlg IDD  pParent

{1 AFX_DATA_INIT CRenjuDlg

; /1 AFX_DATA_INIT

/ = Note that Loadlcon does not require a subsequent
Destroylcon in Win32 = /

: m_hlcon = AfxGetApp - >Loadlcon IDR_MAINFRAME

* void CRenjuDlg  DoDataExchange CDataExchange s pDX

CDialog DoDataExchange pDX

/1 AFX_DATA_MAP CRenjuDlg

DDX_Contrd pDX IDC_THINKPRG m_ThinkProgress
DDX_Contrd pDX IDC_NODECOUNT m_Qutputinfo
/1 AFX_DATA_MAP

. BEGIN_MESSAGE_MAP CRenjuDlg CDialog

: /] AFX_MSG_MAP CRenjuDig
ON_WM_PAINT

ON_WM_QUERYDRAGICON
ON_WM_LBUTTONDOWN

ON_BN_CLICKED IDC_NEWGAME OnNewgame
./l AFX_MSG_MAP

* END_MESSAGE_MAP

LU L]
¢ //CRenjuDlg message handlers

. BOOL CRenjuDlg  OninitDialog

: CDialog OninitDialog

¢ /et the icon for this dialog,

. //The framework does this automatically

: /1 when the application’ s main window is nat a dialog
Seticon m_hlicon TRUE /] Set big icon
Setlcon m_hlcon FALSE /1 Set small icon

®
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/ : /] TODO Add extra initialization here
% *  memset m RenjuBoard NOSTONE GRID_COUNT //
= - CMoveGenerator + pMG
CEveluation = pEvel
m_nUserSoneColor = BLACK
m_pSE = new CNegaScout_TT_HH
/1 NegaScout_TT_HH
pMG = new CMoveGenerator //
pEvel = new CEveluation //
m_pSE - > SetThinkProgress &m_ThinkProgress  //
m_pSE - > SetSearchDepth 3 //
m_pSE - > SetMoveGenerator pMG  //
m_pSE - > SetEveluator pEvel  //
return TRUE
/ IreturnTRUE  unless you set the focus to a contra

~
3

/11 you add a minimize button to your dialog

L //you will need the code below

/ Ito draw the icon.

. //For MFC applications using the document /view model
/ Ithis is autometically done for you by the framework.
1l

void CRenjuDlg OnPaint

CPaintDC dc this
cl
for inti=0 i < GRID NUM i ++

dc. MoveTo  BOARD_POS X BOARD_POS Y + i * BOARD_WIDTH
dc. LineTo BOARD_POS X + 14+ BOARD WIDTH
9o - BOARD_POS_Y + i » BOARD_WIDTH

o
for intj=0 j <GRID_NUM j++
dc. MoveTo  BOARD_POS X + j « BOARD WIDTH BOARD_POS Y
{ dc. LineTo BOARD_POS X + j + BOARD_WIDTH
* BOARD_POS Y + 14 + BOARD_WIDTH

L



char ch 2

cho ="'d

chl =0

dc. SetBkMode TRANSPARENT
foo i=0 i < GRID NUM i++

5 dc. TetOut BOARD POS X + i+ BOARD WIDTH - 5
BOARD POS Y + 14 %« BOARD WIDTH + 20 ch
: cho +=1

-

; cho ='0O

ch 1 0

for i=0 i < GRID.NUM | ++

] dc. TextOut BOARD _POS X - BOARD WIDTH
BOARD POS Y + i * BOARD WIDTH - 10 ch
] cho -=1

C

© dc. SelectStockObject BLACK_BRUSH

_ dc. Ellipse BOARD_POS X + 3+ BOARD_WIDTH - 3
: BOARD_POS Y + 3+ BOARD_WIDTH - 3

. BOARD_POS X + 3+ BOARD_WIDTH + 3

: BOARD_POSY + 3+ BOARD_WIDTH + 3

. dc. Ellipse BOARD_POS X + 11« BOARD_WIDTH - 3
* BOARD_POS Y + 3+ BOARD_WIDTH - 3

{ BOARD_POS X + 11 + BOARD_WIDTH + 3

* BOARD_POS Y + 3+ BOARD_WIDTH + 3

. dc. Ellipse BOARD_POS X + 7+ BOARD_WIDTH - 3
* BOARD_POS Y + 7% BOARD_WIDTH - 3

. BOARD_POS X + 7 BOARD_WIDTH + 3

' BOARD_POS Y + 7 * BOARD WIDTH + 3

. dc. Ellipse BOARD_POS X + 3 BOARD_WIDTH - 3
: BOARD_POS Y + 11+ BOARD_WIDTH - 3

. BOARD_POS X + 3% BOARD_WIDTH + 3

? BOARD_POS Y + 11+ BOARD_WIDTH + 3

_ dc. Ellipse BOARD_POS X + 11+ BOARD WIDTH - 3
* BOARD_POS Y + 11 + BOARD_WIDTH - 3

®
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. BOARD_POS X + 11+ BOARD_WIDTH + 3
{ BOARD_POS Y + 11 BOARD_WIDTH + 3

/1

int X
inty
foo x=0 x< GRID NUM x++
fo y=0 y < GRID_NUM y++

if m RenjuBoard y x == BLACK

dc. SelectStockObject  BLACK_BRUSH
dc. Ellipse

{ BOARD_POS X + x* BOARD_WIDTH - BOARD_WIDTH/2 + 1
: BOARD_POS Y + yx BOARD_WIDTH - BOARD_WIDTH/2 + 1
{ BOARD_POS X + X BOARD_WIDTH + BOARD_WIDTH/2 - 1
: BOARD_POS Y + y*BOARD_WIDTH + BOARD_WIDTH/2 - 1

dseif m RenjuBoard y x == WHITE

dc. SelectSockObject  WHITE_BRUSH
dc. Ellipse

: BOARD_POS X + x BOARD_WIDTH - BOARD_WIDTH/2 + 1
. BOARD_POS Y + y*BOARD_WIDTH - BOARD_WIDTH/2 + 1
* BOARD_POS X + x* BOARD_WIDTH + BOARD_WIDTH/2 - 1
. BOARD_POS Y + yxBOARD_WIDTH + BOARD_WIDTH/2 - 1

244 ;

¢ //The system calls this to obtain the cursor to display
L //while the user drags

¢/ Ithe minimized window

. HCURSOR CRenjuDlg OnQueryDragicon

return HCURSOR m_hlcon

extern int count //

Y

WM_LBUTTONDOWN



¢ void CRenjuDlg OnLButtonDown UINT nFlags CPoint point

/1 TODO Add your message handler code here and/or call default
CDC = pDC
pDC = GetDC
{ CRect rect BOARD POS X -5 BOARD POSY - 5
BOARD_POS X + 14 = BOARD WIDTH + 5
BOARD POS Y + 14 = BOARD WIDTH + 5
: int i paint. x + BOARD WIDTH/2 - 1 - BOARD_POS X /BOARD WIDTH
int j point.y + BOARD WIDTH/2 - 1 - BOARD POS Y /BOARD_WIDTH
-y /1
if IsvalidPos i | && m RenjuBoard j i == BYTE NOSTONE
; /1
m_RenjuBoard j i = m_nUserSoneColor
switch  m_nUserSoneColor

case BLACK
pDC - > SelectSockObject BLACK_BRUSH
break

case WHITE
pDC - > SelectSockObject  WHITE_BRUSH
break

pDC - >Ellipse BOARD_POS X + i BOARD_WIDTH - BOARD WIDTH/2 + 1
BOARD POS Y + j* BOARD WIDTH - BOARD WIDTH/2 + 1
BOARD_POS X + i BOARD_WIDTH + BOARD WIDTH/2 - 1
BOARD POS Y + j* BOARD WIDTH + BOARD WIDTH/2 - 1
-y
; m_ThinkProgress. SetPos 0 // 0

/1l

m_Outputlnfo. SetWindowText " Computer is thinking about h
how to move Please wait. .. "

int timecount

timecount = GetTickCount /1

count =0 //

if m nUserSoneColor == BLACK

InvertRenjuBroad /1
/1
m_pSE - > SearchAGoodMove m_RenjuBoard BLACK

®
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if m_nUserSoneCoor == BLACK
InvertRenjuBroad /1

CString sNodeCount

/1

sNodeCount. Format " Cost %d ms. %d Nodes were eveluated. "
GetTickCount - timecount count

m_Qutputinfo. SetWindowText sNodeCount

InvaidateRect NULL TRUE //
UpdateWindow
CDialog OnLButtonDown nFlags point

/1 New Game
void CRenjuDlg  OnNewgame

/1 TODO Add your contrd nctification handler code here
CNewGame NewGame // NewGame

if NewGame. DoModal == IDOK
/1
1
m_pSE - > SatSearchDepth NewGame. GetSelectedPly
1

m_nUserSoneCoor = NewGame. GetSoneColor
memset m_RenjuBoard NOSTONE GRID_COUNT //
if m_nUserSoneColor == WHITE //

m_RenjuBoard 7 7 = BLACK //Black First
InvalidateRect NULL TRUE //
UpdateWindow

®
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i else
return

L
void CRenjuDIg  InvertRenjuBroad

intx y
foo x=0 x< GRID NUM x++



foo y=0 y < GRID_NUM y++

snitch m_RenjuBoard y X

case WHITE
m _RenjuBoard y x = BLACK
break

case BLACK
m_RenjuBoard y X
break

default
break

WHITE
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A

adversarial search
apha-beta search
apha-beta pruning
AND/OR tree
aspiration search

alpha-beta
alpha-beta

B

breadth first search
best first search

bit boards

blind search

board representations
branching factor

D

deep first search
DUAL = SSSx
E

end-point evaluation

endgame database

evaluation

F

fail-soft alpha-beta
fail high

fail low

Forward Pruning

alpha-beta

G
Game
games of perfect information

game tree
genetic agorithms

H
hash table
heuristic function

heuristic search
hill-climbing
history heuristic
horizon effect

[
iterative deepening

K
Killer Heuristic

M

Monte Carlo Algorithm
minimal window search
minimal tree

minimax Algorithm
MTD f

move generation

N
Negamax

NegaScout  scout PVS

O
Opening Book

P
PVS principal variation search
principa variation search

Q

guiescence search

R
repetition detection

S
Search



search extensions
simulated annealing

Sate Space Search

SSS %

Satic Evaluation Function

T
Transposition table
TT transposition table

Z
Zobrist hash techniques  Zobrist
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