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Accelerating Monte-Carlo Go by Xeon Phi Coprocessor
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Abstract: In this paper we describe implementation and evaluation of our fast Monte-Carlo Go program for Intel Xeon Phi
Coprocessor. A Xeon Phi consists of 60 cores with 4 hardware threads and a 512-bit vector processing unit per core. It has the
theoretical performance of 1 TFlops, but on the other hand, it has very poor single thread performance. Use of the vector
operations is therefore required to achieve good performance. We developed a bit-board based Go program optimized for Xeon
Phi's vector operations. Our program performs 2.45k playouts/s with single thread, and 240k playouts/s with 240 threads. We
implemented not only the playout routine but also a Monte-Carlo tree search (MTCS) program based on tree parallelization
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method. It evaluates 220k games per second.
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1 ALy FIZ L TR 100 (5D 7 LA 70 Ml EE AR L
oo HZALY RN 270y 22 1EILHSERITTE R
Wiz, v F ALy FERBOBIEIZXY V7L A Ly RO
1205 CTHD. KT T T HIZFD BUEER L TWND.
THFEROT v I Kbtk 5 &, ALy FEUTKT
HHEREN ERICEVAH B Z LN 0D (K 7).
R[]0, ALy REE a7 Hiz 0 OFREIC SN T, AL
v REEWIMEE DL CT— ST /R AD VAT %
R LEReZm LSRR H B LT 5. RIEE
T, VAT T FNRICKERT—ZDE NP LT AF E
WICEPNTWD EHEL TS, £H5ThhHETHLE, L
AT OFEFREITEFEMOKFEFRICH D LHRISN D
DB, EVFHELWITALETHD.
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#£ 7 3FAOEREKE T VLA T U MO HE

ALy M| BREEEK /PO K
1 0.900

60 0.959

120 0.960

180 0.980

240 0.909

JREAETIZ O TERRBREH A 2 TV D, TR
FTCOTFENBLT DO THDN, —FH CTHRBAEZEBRIE
THREMOLENEL DI LT, By IEDOF—I "~y
RIS AT HEE L H 5. LvL 1 ALy FEITICHT
LFExHERE (K 8) ZRD L, L LAFTHENELIEE VL
FAL v RETRFOMEREN AL oo Tz,

BT AN ARBERITET HEREEKIE, AOBENE
MENDOT, HMARTLAT U ML WL TH., &6
12, REBETIEARY MVEHEZFIH L T2 =8, Xeon
Phi O AHRIE = A ME CPU & bk L CHIXTAYIZ K & W ATHE
MR 5. 3 FHORRERZ BMARNFENLLOT AT
TR eI DL, 240 AL v RETERE B 90.9%
(72572 (7). 240 ALy REWIZED AL v RHBEE
RAREZHAELTNDE 0T 48E LT, BERERTH
LEEZD.
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5. BEEHR

Mirsoleimani 5 (% Feugo % Xeon Phi - CHEITL, g
FHEL7Z[6]. o7 ul'T AMF 9 EdRO2 FETIH
HIVK AT —L2DEREATH. 9 KR E 19 BROE,
FIH L7z Xeon Phi DiEWV (bbb O AT ALY 7y
7 SN 12 f5EV) 2BET DL, bivbitov AT
LA ETI9BBEOXREITOEHAICIE, | B — b/
EDOAE—RIZhd B bihvsd. Feugo D7 LA T U MZ
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METHD.
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FITT 5. Barriga[11]150% (7w v 7 W5 & LI,
GPU TAZ 1 BEEBBL, T _XTOF/—RFROF L AT YUk
ZATFNTFAT LT

GPU ZFIH L=z b oW b FiEL, GPU 285~
LA T U MOWHETFICHAL TS, ZhidEHoA L
v RBRFE—OMSEFITT D GPU OT —F 7 7 F v 1T
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borltEZOGND.
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D ZOoDWHIMEEFNFIHT S Z & T, Xeon Phi [ZFH\
TAFNE T IV a REER R 2 @EICEITRRETH D Z
LERLTE.

Mirsoleimani © 1% Xeon Phi £ TOE 7 b /Lo KREERIT
5T Grain Size Controlled Parallel MCTS (GSCPM) V9 i
Eray ba— LT 5 FEEEE L2, £72 TBB, Cilk Plus
ERWERAZ D 2= v Ol ETT - TV B[12].

6. EhYIZ

AKHETIE, A=—a7 a7tk v ¥ Xeon Phi i DFE
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72. 512 By bR MAEBEAERT 22 L1280 240
ALy REATRRZERY 24 TRIOWH| T VAT 7 &R
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