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Distributed Game-tree Search Based on Prediction of Best Moves
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Abstract: This paper presents a new game-tree search method on distributed systems. In this method, a
master tree grows based on the prediction of the best moves at each internal node until when each slave is
assigned a leaf to search. Then, all slaves independently conduct a game-tree search. This framework has
two major advantages; (1) it can work under an environment with relatively high latency, as it requires little
communication between a master and slaves. (2) it works without significant modification of a base search
program. In the experiments with an open source shogi program, the presented method worked effectively.
The strength of the presented search with 8 slaves was almost comparable to that of a shared memory search

with 4 threads.
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Fig. 1 A master’s game tree where a slave is assigned to each

leaf.
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Fig. 2 Growth of a master’s game tree.
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Fig. 4 Rate of agreement in “rakuraku” problem sets.
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Fig. 5 Rate of agreement in floodgate game records
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Fig. 7 Rate of agreement by search within various time

periods (floodgate game records, w/o GPSShogi).

e\_o, Q0 =; —
%) <=2
g so0f .
5} . x
2 70} J
c
2 60t
°©
B 50t
5 .
1 10 100
#slaves

8 THIHEZRIIZMT % slave D& TR (7277 7)
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2 g0l ‘ S
0 <=2 -
8 80
(]
@ 70+
C
2 60t
9O
8 50t —_ T
2 ‘
1 10 100
#slaves

9 TFHIERIZBINT % slave DL FilllkII#% (loodgate, 1s)
Fig. 9 Rate of agreement for floodgate game records, when

moves were searched in parallel (1s).
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Fig. 10 Rate of agreement for floodgate game records, when

moves were searched in parallel (4s).
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Fig. 13 Distribution of the length of PV reported by GPSShogi

on PC clusters.
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Fig. 14 Evaluation by GPSShogi on PC clusters.
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H7O0YA%E )R THLIENTEL., RHEV2IATO
AL T A i R 5B BTy o e, #
RTHRONTZ PV —EDRS EZFEOZ LRI NS.
~ A% 70+t Al Xeon 5365 L CEIFSE. 50 BLLE
DA & e L Th CPU MEHZRIZ 10%ETH o 7.

Iy ¥a—- S MOFTEHETCORERGRE, KET, KET,
3EHFEHOTFIZOWTHM L TUTIORT. BEWHTHE32dH
BIHIE, ARBOWEFETIZ, V— FTERY TP
2O00FL [ZOMOF] DWTFHifE L PV 255K E 572
HTH5D.

T 1312, GPSIFHD 7 5 2 ¥ 71 275 L DMt
ELTHITIARTOPVOEIDLA NI L EBHT 5.
AHIEA R D BV 1 0BT (OF) 2PV AEL, 3%
HommMF (F) PWEWEASH A, Tk, 3HFHOE
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&2 GPSHHor I A I HMOEE
Table 2 Best, second best and third best moves reported by GPSShogi on PC clusters.
FH MHLEE BT 1 BT 2 BT 3
EIR Y S R S RR RS

16 A2 R 205 18 A2 TR 335 18 A4 Uy 374 17 A9 FE
18 A7 40 354 19 A4 4R 354 18 A9 F 655 17 AT &
20 A4 4R 351 18 A4 4 503 21 A5 &k 580 19 A6 Uk
22 A5 256 18 A5 &k 317 18 A5k 507 18 AT
24 A5 =41 266 18 A2 ¢ 273 18 A9 275 18 A5 =4
26 A 4 PUfH 117 19 A6 gl 245 16 A 4 DU 256 17 A2 —T
28 AL 114 19 AR 216 17 A5 &k 217 16 A9k
30 A 6 DU4R 33 19 A4l 135 16 A6 IUgR 145 16 A5 &k
324 0f —109 18 A6 ik —-19 19 A4Ufg 201 17 A5 TK
34 A6HE  —273 17 A6 HR —254 19 A5 FK 181 16 A9 Uk
36 AFKE —213 19 A —119 17 A7 LMK 35 14 A5=F
38 A5 N 140 20 A5 A 4 16 &7 K 349 14 A5 R
50 AT IUAE  —461 19 A7 UEE —431 14 A6k —289 16 A3 HHEK
52 A8 Tk —455 16 A8 Tk —138 15 A3 A —130 16 A6 AEE
54 AT LEERL —420 21 AT LEAK -375 21 ATLHERK -217 16 A5 Hk
56 A6 AN —486 16 A6 SEE —438 18 A3 N4 —208 19 A6k
58 A5 &FT 364 19 A3 KH —329 16 AB5NH —138 17 A3 H&%
60 A2 5 —243 16 A2 R —115 17 A3 =R 150 14 A3 =%
62 AFF =575 17 AAf 1,439 16 A6 g 1,527 14 A6 Uk
64 A67L4 581 18 A6 hE —367 16 A3 LA 357 17T A3 =ff
68 A5 N8 —1,058 19 AT A —987 19 A 5K —963 16 A5 Tiff
70 A5 Tff —1,346 16 A5Tiff —1,121 19 A4 B 60 16 ATILE

TR 1IBTRUBEDP LN L e EZ LR U THA.
B 14 1%, L < 3 20ERMTFOHMEZ w2, &
DET I HI N2 D TH A, #HPHIE, EhEsn
16 FHLE, GPS S sH Wz L g L7270 F %
TE& L7 7201, 40 FH2S LIES U, BPTAMIC
oo 7AEZR DU ) BE LIS T % £ CHtAMids itk S LT
Wiy, 72, 66 FHIZY 7 b 2 7 OB THEOWERY
THEHTZHELTCLE 72720, SHP S5 BRwvwiz
TR0 L) FOMEN S, 2, £ 3 0T O
B L CIE TSRO SN O bDOTIE R L, 10
BT ORFM 2SI 2 A\ SN 7R R C ORI TH 5.
ERELT, BFEFLLIBLRTZ) &) lioF
Mo, BTRFBRAOKBICHERE L CVwD. T2, 1 O
FoOFHii L, %2, %3 OBEMHTOMAE WG &KX
KRG BIREOWHHH 5 L bgAlE. 22T, %
KO TIX, %2, F3OEMTRLFMELEHT LS
EOHEMEMEEENS, 22T, B 1 OEmTUS L%
HL72D, 2D00FCTEAPENIZLEZTDL 2O0DOFDFF
MEDZEDS PRV E2BDE 2 TWIUTEERHZER L
LW EDFEREZ LN,

F 212, HEAFCIREINZIETL GPS D7 T A5 i
WEATE 3 ODBEMTFOFME L FHADES T T LD 5.
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FEBRICHETIR I N TICE TH 2510WThsb. 7§
HHETERIENMEOIRT D% {13 GPS O 1 DfE
HWFThHor. ZNPHNOEETHE 1 OFEHT LEVEE
MOFDOL ) THAH. BIFMYIZ, HHO1RAZIRFL
GPS D7 FAFRDHE 3 HEHFIZH AL L o72H
e LT, I8FHDAT 4L, 58 FHDOA S &4
BHIFON5. AiEE GPS WAL O FHM R 5 As 7t & 4F &
BN L, FBEILOI & 7% GPS IFH oL
CREZoTWEEZONS, MMM ZREE LT
23 FHAGCHIPDO L Z AT, MIEIHEIEL TW2AS
FAAHY 20 HAERMOHEETE 2 HEMTIIH > TVDE S
EDHITONL. 51 OFEHTLUINIGE 2 BT b EH
TTHONTVIUTHERDP L D> Tz d L\,

BEhIC

AEYERFLBWT T AFBEEICB VT — AKRER
AHNAT) VA FEZE L, FHMIIL72. 2 oOPlA T,
Y AYDMER L7 — AKRKDIER S & AL — T A
L CEHlifEZ ~ A 2 1ZHET 5. 77— LAROIEHRIZB W
TIE, SESTHHTREZR AL — 7 Ed 500 A1) 7%
BERHFOEMEERL, 7E LAV -T2 2 ENnIlE
DB CREIRIAER 2 BT 5. GPS ML % v 72 F B

5.
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SIXBHI O EAL 2 FICEFCER 2 E ) 24T 5§l
HHLAEFHWZGEATHMmSIEMEL, 8 AL—70O45H
WRIZ4AFN DA ) IERFIE VRS TH o 72, 1HR
SLERSE 22 S HACRRLE BBk L 7o 7 a 75 4 [H e
52010] THLZOFEPRAEINTEY, ZORHEND,
VEREDS H 7 D HE R % 50 BREESRO LA ML B Y 8
fEL7-Z L%t A 5.

av¥a—y T E 7T L0858 TIE, SHERETO
WHIRRDEFR R IFRIIIE L > 723N ) TH Y, 4D
SRS NS (3], [7], [8]. AROMETFI2IE (1) #
HADHAMTH ) EEIH/2o TILD TS T LOEEH
L, (2) AR A Y T — 2 BB CTHETRTH S
EVHFIEND % 720, MO EIRETHE O e Rt
APEHAETYH, RETHEMRRA D 2ERETH W il %
LHifFs G,

SENH

[1]  Brockington, M.G.: Asynchronous Parallel Game-Tree
Search, Ph.D. Thesis, Department of Computing Sci-
ence, University of Alberta (1997).

[2]  Feldmann, R.: Game Tree Search on Massively Parallel
Systems (1993).

[3]  Kishimoto, A.: Transposition Table Driven Scheduling
for Two-Player Games, M.Sc. Thesis, University of Al-
berta (2002).

[4]  Marsland, T.A. and Popowich, F.: Parallel Game-Tree
Search, IEEE Trans. Pattern Analysis and Machine In-
telligence, Vol.7, pp.442-452 (1985).

[5] Obata, T., Sugiyama, T., Hoki, K. and Ito, T.: Con-
sultation Algorithm in Computer Shogi - A Move Deci-
sion by Majority, Computers and Games — 7th Interna-
tional Conference (CG2010), LNCS, No.6515, pp.156-
165, Springer-Verlag (2011).

[6] Tsuruoka, Y., Yokoyama, D. and Chikayama, T.: Game-
tree Search Algorithm based on Realization Probability,
ICGA Journal, Vol.25, No.3, pp.145-152 (2002).

(7] W R, MOLORME, mil BE R W 2Es s — A
AREROHFIL, H15RTF—LT0TIIVTT—7
Y5 v 7, pp.134-141 (2010).

8]  MEIIRME : TWdR] 0B 57 — A REERIEFIEFE, A
THIfE45E, Vol.26, No.6, pp.648-654 (2011).

9] HHEH, S R TTT 7T A o RBUEIR ST,
THHOLIR A ST ZEHE, Vol.GI-24, No.2, pp.1-8 (2010).

[10] HAMNMEREE () @ 77 7 7 K0—F EERFHE,
A AR (2002).

(11] HEAXRIGHEEEE () @ 727 7 7 K0O—F 2 IERFHE,
H A ALE M (2003).

&F MiE

1997 4F B EURF AR A, 2002
A ERIRFRFBE G AL TR AR
_ RIET. A (ZA). 2002 ERKAE

i M [ IR, 207 F
o WL a1 s,

© 2012 Information Processing Society of Japan

(IE&R)

e
1965 fFAE AL, 1987 R AF LS
T R 1902 ERAFEA

= SEERHREE T, W (1), TR

(IE%H)

1

N KETHEIT, R E et
Wt v ¥ —WEdR 2 /T, BRI
SR v 7 — . A

7 hw = 7RSS, ACM &2,

2524



