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Abstract: While Go is a two-person zero-sum game with perfect information, Minmax searches have a little
effect on computer Go. Monte carlo tree search (MCTS) has been used in many Go programs and intensively
researched. RAVE is a major enhancement to MCTS and widely used in Go programs. In this paper, we
present a method to improve RAVE by taking local similarity of moves. We used eight neighboring points
as the index of local similarity. The eight neighboring points are known to be effective features in computer
Go. So, they are expected to be effective to work with RAVE. In the experiments, we modified Fuego so
that the similar moves considering eight neighbors have more influence than others when updating RAVE
values by playout results. Actually, it was observed in self-play with 9 by 9 board and with 19 by 19 board,
that the winning probability was significantly improved by presented method in some sets of parameters.
Therefore, we conclude that the incorporation of local similarities based on eight neighbors is effective and
promising for further researches.
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Fig. 1 An outline of a Monte-Carlo tree search.
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Fig. 2 Utilization of result of random simulation in RAVE.
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Table 1 Wining rate of programs against default Fuego (9 x 9

board). Number of simulations per move was fixed.

A A N B SE
Ny — 2 EM (1, 0) 33.2%  24.4%
NE— M (1, 0.25) 49.9% 36.0%
NE = EMR (1, 0.5) 54.2%  42.4%
Fuego (/3% — Y@M (1, 1)) 56.0%  44.0%

Ny —vEMR (1.5, 1) 58.6%%x  A7.1%%x
Ny —CEM (2, 1) 57.5%%  46.6%%x*
Ny —EM (4, 1) 52.5% 42.1%

NE— VEM (B(s,a) ZFERL) (1.5, 1) 571%  47.2%xx
Ny —VEM (B (s,a) ZEHEZAL) (2, 1) 57.6%%  46.8%%*x
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F 2 HOWEOMBEE 13 ¥ (FLA 77 MEEE)
Table 2 Wining rate of programs against default Fuego (13x13

board). Number of simulations per move was fixed.

TaT T L B
Fuego (/3% —EM (1, 1)) 51.4%
NE— M (1.25, 1) 52.0%
NE—vEMR (1.5, 1) 52.7%
Ny —vEM (175, 1) 51.3%
NE = EM (2, 1) 50.5%

I — VB (B (s,a) ZEEAL) (1.5, 1) 53.0%*

£ 3 HUMROBE 19 B (L1477 M)
Table 3 Wining rate of programs against default Fuego (19x19

board). Number of simulations per move was fixed.

VA= PN 2%

Ny —rEH (1, 0.75) 50.4%
Fuego (/%% — v &EM (1, 1)) 50.6%
NE— vEM (1.25, 1) 54.6%
NG —vEM (1.5, 1) 55.7%*
Ny —vEM (175, 1) 55.6%*
NE— VEM (2, 1) 49.1%
NG — VER (4, 1) 52.5%
Ny = EMR (B (s,a) EELZL) (1.5, 1) 53.3%

Ny —ER (B (s,a) EELL) (1.75, 1) 52.1%

K4 K770 1BH-VOTLATY Ml

Table 4 Average number of simulations per secondo.

PA= AN 9 13 19 B
Fuego 7,522.7g/s 3,913.2g/s 1,787.3g/s
Sy — B 6,949.6g/s  3,632.1g/s 1,627.9g/s

1,000 J&j, BEOATEREITo72. ZOMDGEMIT 9K
LR L THAL, 7272L, £V Y F VD Fuego &9 L D*f
13 3,000 RAfT-> 724 R TH 5.

fRER 3IIRT. 19KETII Ny -V EM (1.5, 1)
X —EM (175, 1) 254 1) Y F VD Fuego 123 LT
BRCTHEICHBEFME L. /2, RETFHELEALL
Ny —EM (15, 1) &XF—VEM (1.75, 1) OFEFE
A5, 19 B TIRIRETE I E 8 fE D IREEAS—F L 72
BED a, % 1.5 BF/E 15T 52 L THIRE BIET
b ENhr o,

DI EOKER, S, RETHEIT o Mz, 13 i, 19 B
BOWTHMH ST A= DL, AETHLEER
bND. 72721, 9k, 13Kk, 19 BEcIzELENR)
W INT X = PR 5 TnDL T NS, F—=2Il8b
HREPLETH L.

4.1.2 FEREDAE

F+ 4 1F Fuego L I-RFETF L& FELE L 72 Fuego TH 5 /%
y—ryEM (15, 1) O1BHZYOTLA T Malkkic
B AETHE#EEZ £ LT, CPU I AMD Opteron™
Processor 6274 Z fH\wT, 1 AL v FT Fuego 4.1.1 JHD
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x5 HUMROBR 9 i (RERHEE)
Table 5 Wining rate of programs against default Fuego (9 x 9

board). Time per move was fixed.

TLAY & H
Fuego 56.0% 44.0%
Ny —vER (1.5, 1) 55.9% 43.3%
Ny —VER (2, 1) 56.1% 44.5%

xR 6 HUMEOBAR 19 HiE (KEHEE)
Table 6 Wining rate of programs against default Fuego (19x19

board). Time per move was fixed.

TFLAY B
Fuego 50.9%
Ny =@M (1.5, 1) 49.1%
Ny —vER (2, 1) 46.7%

FEEREATo O PH 2 E 41T LOTWE, BETED
BIEOFEREL, T%REEDOF — 3Ny FEHFoTWwb Z &8
5.
4.1.3 FEEEDOME

FeWCEHMNZ EMToORRE NS 72012, BERER %
1 F 2B CHiZ 73 247> 72, 7272, Fuego DHIWI T
FREL7ZREMICET AT LA 7Y b2 b > TET
ToEEabH5H. T, AR TIRERSMAZ EMIZED
DIZ1T ALy FCfrofe., EBEMFEIERNICINETLE
MLT, 7LA7Y Mg ERZIREET, (b hic, K
BHIRZ 1 2R EZEW L7z, 9zl 19 ik cHE%
f1o7-.
WERITZFNENER 5, |6 IIRT. BIHIOEERT, 41
TV D Fuego ICHARTHEIBEL A LIE/287 X —
YRl L TERZITo72. 1 FORERMZHMR 725
fEClEA 1) Y F VD Fuego & W BAEICHELZM LS5
NG X=F otz INHIEFHEIRTIE, RETHOE
L DHEFED T — 8Ny FERETLEONENIZITHD
GoTWVARNICHALEEZONL, BBHR1LEHOD
Fuego D EFRIIFROFHEN TIEFE UAE722S, EBEOBHE
3R % 5.

4.2 fOBEETOT S L' BV -TE

PRETHEEEA L7 Fuego & Pachi (version 10.00 (Sat-
sugen)) Ot AT o7z, FEBREMHIUTOLEBY THS.
FEERGAFIT 0 B, FEL—LVT, T 316 HE, Rok
1% 10,000 J&, EEREIHIERIEZ2 L E LC, Fuego ® 1 FdH 7zl
OT VAT MEO EBR% 10,000 [\, Pachi ® 1 FH7-0
OTLAT Y MEoO EBR%E 30,000 & L7, 4T
® Fuego & 4.1.1 JHT 9 B CHEIIBEOM 2R 5N
7ooxy —vEM (1.5, 1) ZILEL.

FERIIR 7 IORT. REFHEICLY, BREmEL W
B0, AETEZV., HEHFIZL > TNT 2 =5 D%
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& 7 Pachi L DM FOBE (9 #Kik)
Table 7 Wining rate of programs against pachi (9 x 9 board).

A A N4 B
Fuego 66.6%
Ny —EH (1.5, 1) 67.7%

%ﬁ\ :J\,l\
5 ‘00>

J
%

3 /85— ID O—FHEEFRDL 2O IHCZFE (9 Bik)
Fig. 3 The 9 x 9 positions which were used to measure concor-

dance rate of pattern ID.

4 Ny =2 ID O—FEERD 2O HWHE (9 Bik)
Fig. 4 The 19 x 19 positions which were used to measure con-

cordance rate of pattern ID.

AT WED B BN B B .

4.3 REICLZIREFEOHREDE
WREFENED L) RBH TSRS D % 0% LET
LHELE LT, REFHEDOFEZ
ZAL T EG %, EEORHECTHAE LR EHRET 5.
BARMIIZIZ RAVE OB 2479 B2, X% — 1D 253
FTLEEEFAELL.

BECTIFEFTAHFEL, M3, M4 IIRLHE%E
NEIAT o7z, TMHIEEEA TV WT Fuego &9 L&
xR S 7 MEE D S g, ik, R, BB ORI E
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£ ) RAVE O&EH a, #°

70 — 7 &g
[ 4 = E2 X
gieo o 8 7 P 0 o D oBEs x
oo 4 BE4 O
l O %QX%*%}K
S 40 + U %x*% |
= §o*ox KX
N o3t |
|
20 | ]
&
Z X X X X X
S ek X ¥ FXAXETFEFAG
0

0 2 4 6 8 10 12 14
B/ — RORZ
5 RAVE OHE#H %47 D/ — 2 ID 5% (9 Kk
Fig. 5 The concordance rate of pattern ID when RAVE values
were updated (9 X 9 board).

nanan
o
=
0¥ X+

X
%K x K ox K ox Kok Kox KX

INZ— 2 I DD—ERER
>
————

SgLoNe 0
K

om

XXXFAXEXRL XY
2 4 6 8 10 12 14
B/ — RORZ
6 RAVE OEFEATIBED/Ny — 2 ID O—FHE (19 Bi)
Fig. 6 The concordance rate of pattern ID when RAVE values
were updated (19 X 19 board).

o

W L7zboThsb, 9, 198iEE b ICEL, AL,
ET, ATOMECEREOF T2z, 2, 3, 4 £
T5%.

MEEE 5, B 6 IR, Hfil2s RAVE A HHT 5
J—=FONV—= b DHES, #HEMiE Ny — 1D O—HHE
Thb. 7LATT MaiZ 10,000 B TH 5. %Elz
3, 4 DNEIZ =R EL o TWDH I ENS, FHIHE

—HEEPEL e AHAS TSNS, HHE szi,
REDHEGIZEETFNRLEELL R BLDT, HEHHD
B OIREPZAL L2 Wb e EZ5NA, ZoOFHIZ
9 PRIETO RPN B TO—FRKIDEL LoTWVD
ZEEL—HTA.

J— FO@ERIZRIEWIERT S L, FEI IR
WES LIPS N. T2 9BBORE 3 ORI
RCENTVD )1, FHED /) — PR R AITE—
FERATHININ T B E A ATFR AN S .

—HEA0% D L <1, 100%D[HEDH 5 L IKET 5L,
CO L) BRRETIE, REFHICLBFHE T X F2SIEEKIC
o TLE). 2070, REFEOFERER I T 2%
RORZZQFRHET IR LR EEZLNSL, ZOLH %
8% — 21D O—FHFELRFEFLEORRICOVTIESHD
WIERETH 5.
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5. b VI(C

KAFFETIE, HEEMEEZRLIZODOT VT ALTH S
UCT IZFHL, UCT t#lAHFHLETHWSENS RAVE
DYERELE I HLA 72, RAVE &%, U 2 5% )
My 22L7T, TEYFANVaREZEOWREY SO L TET
HhH. TIT, FUMEL IVBEZERCHET 572012, H
b & L7oge CIREN 2, A TFORM 8 sk
FEIZ{EH L, RAVE OFMAZ LR L 72, _RETHETI,
RAVE IZBWT, AFORM 8 D DIREA—F L 72
RETORIT (FLAT7Y M) THLNERY, —F%L
Lo lZIREETORIT (FLAT 7 b)) TELNERE
DEMHT L.

HETOREM 8 LBl —3% L7 kL EOREREHT L &
BwpiconwTid, BEoRE S (9 MK, 13 5, 19
Be) ICX > TERRDLZED, EFER»S 50> T,
L7z T, 2085 X =%, #HNSORMEI & 2P
DLLENSHLEEbNL, BB, EBEOMIET, RAVE
HEZ DL HICERTEDEROLINT A=712D0T
b, Fuego IZIZHEBOSMDH D Z L35 mo7z. ARIO
EBROFERED S Z O EEBHRNTD, REFEOREL D
B ZEATRENTZ. AR CTIRERSM T EMIED 2012
1 ALy FTIT- 7225, RFHEIE MCTS #i5L L 723546
2%, RAVE 2SEfES 5 2 & L RBRICEIET . Bl
R OFREL LT3 x3 D87 =2 Uhodbo (5x5
DING — V5 ERVIFER, ZOMOBEOFHIES
BOMAERETH 5.

ETANVOARERIL, FEO LD &2 AFAEEER
F=nbPAch, ZEICH ST (8], [9], [12], [13].
UCT b bHETH L, TLAT Y NOEMMEE
FIH L CRhICERTINET S5 RAVE D L9 &2 )
BENTHHMEL L VEEZ S, RETFEDICHTHE
ThrHEWEFEINL., ZNOADILHIE, AHOMZEE
ThHb.
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