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Abstract

Today, Al of various board games has evolved, and some Al with pro-
fessional level ability are also being developed. Among them, the Go
AT using UCT search has achieved remarkable growth. In recent years,
they have reached a victory for professional players. UCT search is the
improvement of Monte Carlo method to tree search. It is said that it
revolutionized not only computer Go world but also game Al research.
However, this requires huge calculations. Therefore, in this research, we
focus on GPGPU, which uses remarkable GPU for general-purpose cal-
culation compared with CPU, and this was used to speed up for the part
suitable for parallelization of the UCT search. As a result, compared
to the CPU, it was able to realize about 533 times faster speed without

affecting winning percentage.
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sudo make install
VXA IVIZEARDED .

g++ -Wall -03 -o nip
-I/usr/local/include -I/usr/local/include/SDL

-L/usr/local/lib -W1,-rpath,/usr/local/lib

-1SDL2 -1SDL2_image -1SDL2_ttf nip.c

32



C 7077 LDORNERLH

PAFIZ CPU D B % 7= F .

Cl EVa1—-ILO—EBEENENDRMA
RK3JWEY 2V —EERT.

C.2 T—9BEOD—EBELZNhETNDRA
KI4ITT—AME—RERT.

C.3 SDL254 735

&X351ZSDIL2 o175 ) —&Ex2RT.
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D UCT#Z7)I3JYILDHER

SN EEAGIZBRAE U 7253, LB IZ 5\ C, UCT RO 7L I Y X
LEWME U AR, RN EVR 7. ZDOFEEZ L FITRT.

D.1 fEkFE

UCT #&TlX, 2E4HFO UCBLED 5 b, ZDMEARD EWEHDITE
LI DT VAT N2EDLT, TLA7 7 MNalEHRMEZ X -5
&, ZDEMFEZETS. UL, COREFE THESIERTINICES
THEITHHN R 5T 5. HEREDREREIGD 72 DITHRARE + 0
CURTNIER ST, EITRER LN TEL T — A EINS 5. £
72, Nip 7075 L Tlk, VA 77 MEEA 32768 [ &b L EV T H
VL L [FEFEDBIIZRE IRy irolz. 2y Ialb—vavins
B oNDHERWZBERPIAHEIE DO Wz EZLND. ZOFSE
D5, Nip DBE T, UCTHRZHWZ AL L EVY T AV aiEzEHW-:

Al DOMRENHEFEE E X 5.
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UCTEZR: ErTHILOFEOBEK

mUCT.F mmUCTEF —time

80 75.1 3
71.4 70.6 -
70 25 It
60 Et
2 g
é% 50 gﬁ
540 15 B
# =
30 K
1 i
20 N
10 0.5 I_{
0 0 ﬁ
|

256[a]  512[@ 10248 2048[E 4096 8192[8] 16384[E] 32768[E]
HiTEE

X 4.1: TR & R DEIFR

D.2 REFE

RETE, HABRERMEHTETIIOWTESIZZLDT LA TY
F2EDLTEHEVWSHDTHS. BANICEEL O — N2R-d. UCBLIED
K=K =% AT R2BEMTIIOWT, HOER 2175, Z DIRETIRER
L&D, HEERS-F F, BRIIOWT 0RO LA SN,

int ¢ = 0;// V=T DAYV
int £ = 0;//FHMNHIENE DN
while(c < UCB1_loop){
f = 0;
for(i=0;i<=key;i++){
if (threshold < UCB1[i].val){
//UCB1 fEi)® threshold (R — X —) A7z H DT R TIZDOWT UCBL D EH %
f++;
ct++;
N++;
UCB1[i].Nj++;
double x;
/YT HNaERS UCB 1%k D
x = ai_UCT_put(which, tip_num, lboard, UCB1[i].pos);
UCB1[i].val = (UCB1[i].val*(UCB1[i].Nj-1) + x)/UCB1[i].Nj
+ bias*sqrt(2*log((double)N)/UCB1[i].Nj);

=
O

}
}
if (f == 0){c = UCBl_loop+1;}//HEHHBHBE LD THNE, V—T%HKIT 3
}
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E UCT&RZEDEA
PAFIERT & 512, 54 UCT BROFEROEHIEN 5 L 52 5N 5.

32T Y DEEEER
W. 2wy R
NyTay MiEZHWT, ayTFFAPTEICR#ER YT Y 2R
2% URL : http://techlife.cookpad.com/entry/2014/10/29/102036

<V IO TV A By
B TV A 24 ET 501
Ax TAUTY XA -> WO % BT KI5 & 5 Ik AN 228 &
EVTANVOAREFE > ABO XS CEEICEER L RPN SH#EATITL
£% URL : http://aial.shiroyagi.co.jp/2014/11/ibis2014/
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#£33 EVa—)L—&

ElLE | Bt
int | main LB LA 1 =T
void | ev_esc AL V=T oHKIT B
void | player_turn_pp player vs player DRFD player X — >~
void | Al_turn_p player vs player DD Al X —
void | player_turn_cc cpu vs cpu DRFD player & — >
void | Al_turn_c cpu vs cpu DRFD AT X —
void | conect F v T O
void | put Fv TxiEL
int | put_check F v TWRET B 0EHRDB
void | player_put player X — > @ put JLH
void | Al_put Al & — ¥ put LA
void | copy_board A—RFOREZ I —
int | branch_check F v THET BTN
int | winer i EER I
int | tree_search TYRLITF Yy TRENTNL
int tree_create N [A] tree_search 1T
int | ai_montecarlos Fv T RETIHEHRINTNOBE LB ZIKT
void | ai_montecarlo RBBERO L WIHAIZF Y T2 ES
void | setBoard R— ROwIE
void | drow_board ]
void | images_load B AR EE AR A
void | images_check AR D T MDD B
void | make_images_texture | M Texture D 4k
void | images_release [H R Texture D f# X
void | strings_check ARIAD TN D B
void | strings_load S RN P
void | make_strings_texture | 3 'F Texture D 4 i
void | strings_release X F Texture DA
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K34 ToAME

zfg EER2 | il | il

enum Mode Select, Put, End &R — 2 T D WP O FESE

enum Turn Player, Al 2 — > DR

enum Board Black, White, Gray, Nothing | K — N DIHADRFE

enum Key Up, Down, Stay F—KR— NDIRAE

enum Checkertype Begining, Ending, Finishing | 7 Y X LIZF v T2 EWT W BRHZHH

#define FONT_PATH font. ttf”’ TTF THiAAE font 7 7 1)L

#define PI 3. 141592 EEES

#define SIDE_NEXT NUM 10 Fv TOFEDY A (8+MH 2)

const int SCREEN_WIDTH 640 Window D7

const int SCREEN_HEIGHT 640 Window Dt

const int BOARD_VERTEX_ NUM | 52 R— NOTEEDE

struct board_t { R — N OTEHM DG

int X TE D x PERE

int y THR D v FERE

int borw THR DM

int my_num HEDOHE =

int side[SIDE_.NEXT_NUM] | O:up BHD EOERE S
1:up right HAoDA EOTEHSNES
2:right HAODAEDESES
3:down right HAOH NOHESAES
4:down HADO FOHEAES
5:down left HDOKE NOHESES
6:left HA D /EDEMES
7:up left H Ok LOHSES
8:Circle right HOOMELADIHNE S
9:Circle left HAOMBEDERES

board _t * next[SIDE_NEXT NUM] | O:up H7 O L OTHR & O
1:up right B2 DA EDTEM L Ot
2:right H>DOHEDIEHM & D
3:down right Hr DA FOIEMA & D
4:down 43D FDOIEM & DifE
5:down left H 43D NOTHM L O
6:left H 5 DD IELL & O
7:up left B2 DA EOTEM & Ot
8:Circle right B2 OMEADIEM & Ok
9:Circle left B2 O EEDIEM & O

}
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#35:SDI2 91475 —&

’%ﬁ% i
SDL_Init SDL D14k
TTF _Init TTF OFIHL
SDL_CreateWindow Window 4 %
SDL_CreateRenderer Render @ 4%

SDL_GetError

SDL @ Error % M H

IMG _GetError

IMG @ Error % M H,

TTF_OpenFont

Font 7 7 1 )V % G AIA T

SDL_QueryTexture R DY A X% Hife
SDL_SetRenderDrawColor Render @ Color % g% &
SDL_RenderClear Render D N& % JHE
SDL_RenderPresent Render D NE % KR
SDL _Delay —E R D
IMG_Quit IMG# 7T

SDL_DestroyRenderer

SDL @ Render % FEzg

SDL_DestroyWindow

SDL ® Window % g

SDL_Quit SDL#& 7T
TTF_CloseFont Font 77 1 I)VEFHL %
TTF_Quit TTF# 7

SDL_PollEvent

SDL ® Event % H{&

SDL_RenderCopy

Render ~ Copy

IMG _Load

H[f4 % Load

SDL_CreateTextureFromSurface

Surface 7> 5 Texture % 4%

SDL_FreeSurface

Surface % fi# %

TTF_RenderUTF8_Blended

X a— R
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