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Improvement of State’s Value Estimation for
Monte Carlo Tree Search

TAKAHISA IMAGAWA'2®)  ToMOYUKI KANEKO!3:P)

Abstract: Monte Carlo Tree Search (MCTS) is an effective search algorithm used in games e.g. the game
of Go. MCTS performs several simulations and decides which move is the best based on the mean reward of
simulations. However, to find the best move, the maximum expected rewards are needs to be estimated at
the successive states, thus it is not obvious whether evaluating moves by the mean rewards are appropriate.
In this paper, we propose a MCTS algorithm which uses Simplified Weighted Estimator, an estimator of
the maximum of the expected value, instead of the estimation by the mean. We examine its effectiveness in
terms of evaluation accuracy, deviations, whether it can choose the best move. The proposed algorithm was

better than existing MCTS ones in some settings
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IZDWTE 412 4000, 8000 7L 7 MREDERET LI
BEDOHEEMEIZOWTE 2IZRUA. 4 TlI, 1%
M 3DgGEELRRY, TLATUNEHEPLTE, BET
OWEMOEIENIF L A LHEL Do 2. £ 2 T,
cERELTRIIONT, WEFLETTRIREFEHE
N TR EER SN, £/, &5 5 DOHEHEDOIEHE(R
=8 EMNo s

4.2 FEMRZEIUK

e E B DR % B L 72 UCTSWE TO®EIL P-game
ARCTIERENTH 72, BELZEHRTLONRVDIFED
EOBRIGEDPHOENIT B0, H-BT—ARKRETIE
BATE. ZOEFITIE, 28D P-game KOZEFEE L
T, MIZT VR LIEEZED Y TE2ITERL, FVE A
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WA ZED . FRE A SAEOIOEIZE DTE 0 &
T 5. UG ORSH BT % P 23D DB DOFFI s F A
RUABEZE D & 7200 & D FE IR TRPE A U BB 2234 A
MThD. ERTIE, #HUIOHLDLD, HEEIUT
DFiR (REBRTIE, IS DO2EVWR»S 3 FUNDH
M) CIHRREIMIMEST, /2, BETFOEBOH X
FREHAICULARNE WS HIZ A 72, RSO s
e 0.1 CHIRMiSAE U, ZORZHEREMiSEzEOAL
L. ZOKRTIHBRHROGFIEIZEY, oY 2
THIRERS 5720, TOREMIZEPHEINZNI L
M P-game KEHARTEVEELEZ LMD,

Y, RSN ZEORTO, £7)V TV XL TOME
LEFHHEU ., UCT COFDEIR%Z UCBL TlE#HL, —
FRIZATD 86, DE VBRI UIZRS &5 I2T %56
U (GVYELIRALTVL—=2 L) IHiGEDEEREFHIL
2. ZOGERHEEREOEDEREFTL UTEAL.
FEREE 5 RY. —RRICEERU 256, EENFLAY
BALZNDIZH L, SWE 25 & &Vl S HERNT
Moz, W, —RRBEERTO, T 77 MI8000 DKM
BRRDEDRREIIX S THY, REEMENHES 2%
I EFTHRANEEL TS, FHFRIZ, C, 22, 1.5 5D
L SWE 2fi5> 2 TWELL., LHLANL C), &
U7zHiT UCT OFERD O R 572 Cp = V2 DHBET,
c=05 L UGAETIIREL B> 7.

REHiRZEOARATEHEMEIIODWTHAEL 2. HER%E
6 ZRU7. 6 Tk, X4 L5721, best’s best 7217
T2 <, best IZHEPHAR EAMEANRE SN, EUWE1
IEDW e, R 2 LHBRICRERIREZAOARTERETFL
WEFOREMER 3I1TRT. HEEMEIE c PRI VIZER
EPOHEMEMMENZIF TR L, REFIZE > TIHIEHE(R
AUESHA SN, BEFIIHEEHEIEE<RDH, T0D
EHEREEEEL R o7k, FHNIEETFLRETS LY
EHEREE RS>/ EERD. I, cBRESRDBIEE
BETFOHEMN TN 72K 2 LIXBERZIHATHS.

BT, FYREBAREUT, oF8E 16 128 L7285
AOBRERER TITRT. EE, I 16-120DKE 8-
12 DAL FERIZ Cp BEVHEIZ SWE 2 NS Z LTt
BRNWE L. ZOBRETIEC, =V2 T, c=0.5 0D
TH, 2000 V17U MEETIHKE/LZEDD, 12000
TVAT U MBETIESEEL 7.
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Playout UCT (c = 0) c=0.1 c=05
4000 Ave 0.1880 -0.2783  0.1906 -0.2805  0.2313 -0.3382
Std. dev | 0.0953 0.2243 0.0990 0.2227 0.1889 0.2066
8000 Ave 0.2645 -0.2842  0.2724 -0.2868  0.3603 -0.3556
Std. dev | 0.1116 0.2178 0.1158 0.2164 0.2051 0.1979

R 3 REMNEALAR (DHE, BX) = (8,12), C, = V2 &I LA T 7 MITORGOHE
EM (EVBRET, AWRET, LBV EHAE, FEROEERZ)

=A
5. :\:EEHH

MCTS DRFENZEFE, UCT TIRY I ab—Ya vf
BOVIETETFOFME 24T > T 5. AW TIE, MCTS
BT 5, EFOREOHE HEE I TIZRL, HER
BOME L VEHRLUTTOFEL LT, HFrEORKMED
HERETHS, Simplified Weighted Estimator (SWE) %
W7z UCT (UCTSWE) # #7212 E L~ TLT,
ER, WEHEODIEHES OBSNOBET 20DV TER
ZHEUTHEL -, BRTIE, BRULELS THERETHY
NdEWSREZ KD P-game KOZEFIZMA T, HHUW
BRI R 7 VA LERT DLW D TREMAZAK% H
Wiz BIEDARTIE, FEALHELEP>ZEDD, #
HDOARTIE, UCT DT A=K C, BN V2 LINIWEE
bREdEL 7~

SHOBED—DL LTI~ AT —LATRTZILTH
5. “AT—LTR, BOFrLoTh, HFEELENFZ
EhE, HWIIERERZ LS8 I LRBENIFE A Y KA
WEWSZENRIDZDIZHL, —AT—ATIIRISR
W, FDD, I > THIEREHET S I L TOARIE
HXIFFEULRDEFHINS. F/-, SWE DnHD{E:
HIZEEORMMNH S, SWE TOEADRES U J5 il
SRS ERE LRGSR D NT WS, AIFETIL,
UCT OIEIZHDE C), 2BV TEADRS U % M
BLUEZLOD, ZOREFFMYIaL—Yarviaeli
BAIIOWTORETHY, YIalb—ya VEIZRY A
HBEHEEDEADWFES UHIZOWTIZEZHLN TR,
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