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CUDA Shogi: Parallel Game Tree Search by Using GPGPU

TAKESHI KIMURAt and YOSHIYUKI KOTANTt

In this paper, we introduce a Shogi(Japanese Chess)’s game tree search method that uses
GPGPU(General Purpose GPU). This is not new research field that parallel game tree search
for zero-sum perfect information games (such as Chess and Shogi). The technology of parallel
game tree search need change to fit new technology such as GPGPU. In this paper, we intro-
duce the way of searching game tree in parallel which uses CUDA (Parallel environment for
GPGPU) and Thrust(C++ STL like CUDA based library). The proposal method is based on
YBWC which implemented 1024 nodes Transputers in 1993, so high speed-up is guaranteed.
But there are difficulties of implementing high throughput program in CUDA, so individual

implementation and their performance findings are needed.
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FHOW TRV RIZBWTRIFTEE 270 5. 14)15) 1
PHHICE T D GPGPU O THS. Zh b D
IZ alpha-beta search Ti%7e < €7 #/L "1 search &
FHEN D FEZBRH LTS,

3. GPGPU RU CUDA ##=
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GDDR5 L IERTHY, AFVA L F—T7 = —AlEIT
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172% (K1 : Thrust QuickStartGuide & v 5[/) .

#include <thrust/sort.h>

const int N = 6;

int A[N] = {1, 4, 2, 8, 5, 7};

thrust::sort(A, A + N);

// A is now {1, 2, 4, 5, 7, 8}
B 1 #Fop)
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HIAER AT 5. 20L& X functor (T2 —%—
DEEICERZT DI ENFHRETH Y, EMERNR AT
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transform & reduce #—##IZ3E ] C& Htransform_
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LT, FRmAER & FHMIREE O FEITIZ—FE D
vector [CASTWD &I & 0 Mg b a2 < DT,
D vector IZANTEE, HLEIZIEH LT vector [H] %
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£ 1 HBEFIETHEDLND enum

Table 1 enums that use in the proposal method

enum %
BEGIN
WAITFIRST
EVAL

LEAF
PASSAB
WAITVALUE

6.1.1 BEGIN

N—h /= FRIZbEMAENS enum THD. 2D
enum 52/ — NiE/ — N (FRmAemR) oxf
GL0n. /— FREOHERE LTARINEF R
&, WEES L ZHUE, H2WIE Type 2 OFJmif
WCOWTITAERFOES L ZNLSDOFHEL VS R
Wi pElahns.

6.1.2 WAITFIRST

THRUMD ) — R, Type 2 DFHEHIHOWTIEA
ECTIERWFOESIZXH LI S5 enum TH Y,
EB ) —FXBYERTO o, 8 BEZFS (RHT5) .

6.1.3 EVAL

HEREOB /) — RNZ O EVAL #ft58h5 L, &
DT R &3~ TR L, FHEEA N RS 5%
A D.

6.1.4 LEAF

EVAL © ./ — R bR SN BRI T, B0
ez WHNCHE LD BIZE ) — RIZ o, B iz s
W o.

6.1.5 PASSAB

RRLDVIIHLERFOERNTRIER SNz L
TIZAEKEND /— RO enum T, o, BHE _BEH D
WIEAZ TR WRIEHT 5.

6.1.6 WAITVALUE

HOOf/— RERBLZbE, B/ — RO
ERTET DT ) — ROFREREFRE> T D IRED
J— Rt 5-&EN5 enum TH 5. H ./ — ROERDR
FELED, TNEILICASOR . — Riez 5.

6.2 FtHBAR

Thrust @ vector & D X 5 IZEALT D%
J— k7 = R BRI R, AEIN O ERIT
Gz, [V —RFRES (VA MBS D), #Fl
ffi, alpha, beta, enum] THh %
[1,-inf,-inf,+inf ,BEGIN]

1

[1,-inf,-inf,+inf ,WAITVALUE]
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[2,-inf,-inf,+inf ,BEGIN]
[[3,4],-inf,-inf,+inf ,WAITFIRST]

1

[1,-inf,-inf,+inf ,WAITVALUE]
[2,-inf,-inf,+inf ,WAITVALUE]
[[3,4],-inf,-inf,+inf,WAITFIRST]
[5,-inf,-inf,+inf ,EVAL]
[[6,7],-inf,-inf,+inf ,WAITFIRST]

1

[1,-inf,-inf,+inf ,WAITVALUE]
[2,-inf,-inf,+inf ,WAITVALUE]
[[3,4],-inf,-inf,+inf,WAITFIRST]
[5,-inf,-inf,+inf ,EVAL]
[[6,7],-inf,-inf,+inf ,WAITFIRST]
[8,100,-inf,+inf , LEAF]
[9,50,-inf,+inf ,LEAF]
[10,25,-inf,+inf ,LEAF]

l

[1,-inf,-inf,+inf ,WAITVALUE]
[2,-inf,-inf,+inf ,WAITVALUE]
[[3,4],-inf,-inf,+inf ,WAITFIRST]
[5,-inf,100,+inf ,PASSAR]
[[6,7],-inf,-inf,+inf,WAITFIRST]

l

[1,-inf,-inf,+inf ,WAITVALUE]
[2,-inf,-inf,+inf ,WAITVALUE]
[[3,4],-inf,-inf,+inf ,WAITFIRST]
[6,-inf,100,+inf ,EVAL]
[7,-inf,100,+inf ,EVAL]

7 — DAROHEIEZIRITRT . 7 —LK1T well ordered
TohH 5 EE L, branch factor [Zfflg{LD7= 3 &
L7z. good Type 2 [ZIZLHDOZ2L LT, /—FD
T ITEBNETH D, FAENNV— NFE T, AHI217<
ZE ) — R ELS 2 %.
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+39
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8. Hh YIS

GPGPU % B8 7 — ARERIZ DOV Tk~
7. BEFEIYBWC 2_X—Z|ZLEHDT, &0
WHIERHFFCE 5. BRFEEEITY, #HREHRZ5
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