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Abstract: The Monte Carlo tree search, particularly UCT, is extensively studied as a new game tree search
method. Study of evaluation function on UCT is mainly focused on move evaluation functions such as using
pattern matching. However, UCT using position evaluation function has not been studied because of the
difficulty in calculating position evaluation function in the game of GO, which is the main target of UCT
research. We propose a new method UCT+ that adds position evaluation values to the UCB value. This
method is expected easily to make UCT strong in case of existing good position evaluation function, as it
gives priority to child positions of high evalation value that has not searched yet. Experiments are performed
using the game of Othello, that already has strong position evaluation functions. Evaluation function of
the Zebra, the strongest open source othello program, is used for the experiments. The results show the
overwhelming ability of proposed method and its effectiveness is verified.
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Fig. 1 UCB values on initial positions: difference between the

existing method and the proposed method.
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T, OS & Debian Linux 5.0.3, I /%4 JiX gecc TH 5.

6.1 MEty MILZEER
HOMPLORERERIZL > TRET L ZOMEP 50> T
WAHRGEET 7 A Ve HWAE, ZhiEF bt aoftiEr s, #H
RZVHEEREICB W TESEROENBFE L TH L / — F
CRTTHE /= FT 12T EEENR TV
72T E2EO TS, EEFEREITLUO#E Y LNTH
% scrzebra & Wzebra [17] IZ& o> TiT o 72, Zo7urs 7
LI aBEERRARL LTV TY) X8 W CREeERE
FToTwW5b.,
COFEBRTSEIMERHOTFRELRI L LTS,
S =40 EFENTWVEEE, WIF2S 40 FEPKRTL
ZREE V) ZETHDH. HERI S = 40,30,20 TZh
ZN300 T oOME L. flELT, S=500DK 2 Tid
DToEyic#EziinTns,

(g, 1), =1, (h, 1), 1, (h, 2), =1, (h, 3), 0, (h, 7), 1,
MDA ETCTE L FOWEH, HrKFEToREk (1
LHBL, 065100, -1 %6A1F) ThHb., ZOFIT
ERFIIEFTHY, ETFTELEINE5 bbb, 77
ANICEZDETFTELLFICEVI AP OHEETE
HWICRETF 2 o 258 0%T1 & o TORMED T
ENTWE. 2FD, BFH(2) ®hl A (5) D h7 247>

2 [HER O

Fig. 2 An example of a problem position.
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72, BEWIRET T CELETOREIHB LI LIS
5.

BALFOREERER T 7 A VIR EN TV LED
ELOIEROT, B OAREROT, 0456525 F0F
ELTUTFoRICE ) EfREZRD 5.

IEffse = (IEfAE+ 51 E 517 %0X 0.5) —HLaE%

B, S =20 TIFEEERLT)I)DICHE D IZHIEH
W) T EDL 20, 24 FinhDi%E % L7z Wzebra % H
WCKAETFAFML, ZOMEPIERSBL, AR OLAT
ELTCHEBRICHWTWS,

6.2 MEty PERER
BETFHEOERMERTR 1, T2, B3 IIHLL. 2B,
# 2 OHERD UCBED A% V72 UCT Tid UCT+& It
BT 2572010 cld UCTHERUAE (c=1) IZLTWwa., F
72, TRTOEDOEREMIZ 300 k0 A3t, %ILIEMR
KTH5.

£ 1 IR 72D ICHIOFFEC & 2 IEfFE L fig v
5. FYY AT LAIHEETFOFNLEEICIT VY AT
BIFELDOTHL. MC (Er7H)0v8) FIEHEER
HOBERE 1 D%/ — KPbZNE 2,000 BTDO7LAT
7 PRV, BERESRL SV — FERIRL-b0TH
L. RERTHEWED T LA T b %24 LTHIEMRIT
FEAEEDLR, F1ER2EZHETLE, SHKE
{7 D RIFITEVEIZ S UCT O EMRDIE L R o T
%, S =20 ClEHMATHLE UCT OIEMENNT LA LE
DoV, UCT TEZOREDTLATY MNgiZe T

£ 1A T ERE
Table 1 Accuracy rate by simple methods.

S=20 time S=30 time S=40 time
FYH AL |33.2% 0.02F% | 45.3% 0.02 % | 46.7% 0.02

MC# | 30.3% 9138 | 45.0% 4138 | 57.3% 189 #
MC #1324 Playout 2,000 [f]

& 2 UCT DI
Table 2 Accuracy rate by UCT.

PO S=20 time S=30 time S=40 time
10000 | 32.2% 293 % | 50.0% 201 % | 62.5% 120 #
30000 | 31.1% 1,027 # | 51.5% 739 % | 67.7% 465 F»

50000 | 30.5% 1,956 ¥ | 51.7% 1,440 ¥ | 69.8% 951 &
PO : Playout [A]%

+® 3 UCT+DIEf#
Table 3 Accuracy rate by UCT+.

PO S=20 time S=30 time S=40 time

10000 | 77.6% 3458 | 87.2% 237 H | 88.7% 207 B
30000 | 74.8% 1,312 % | 86.7% 943 % | 88.4% 862 ¥
50000 | 74.8% 2,634 % | 86.8% 1,927 #» | 88.2% 1,777 F

PO : Playout [Al%
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R 4 UCTHA UCT xlif i
Table 4 Result of play between UCT+ and UCT.

2 = Bb | gl | g

UCT+ | UCT 50 0

UCT | UCT+ | 50 0
&t 100 0

HFE UCT+H 5 H 7258

VENT UL EREGVWERETHLEEZLND. K 2,
K3 EEBTLE, WETHO UCTHIZ UCT &L T
EfERPRELMEL TV,

6.3 JTEEEER

UCT+& UCT o%efra ANz, £ 50 [mEk 100
O %47 - 72, 1 FORRIE 2B CTREL TS, T2
FEERIFIEMG O 720 S=45 2 b E &AL ) 24TV B %
MWL T, EEER 41”7, BT T NTUCT+
PHRTORRTH 5.

D &9 IZ, Zebra OFFMiEIE %) UCT+AE 27 %
UCT #EBI L7, #ikzH oL, ZEACOgETET
UCTH+23GF IR, ZOFEFMLU>Tn5,

7. fFEEDOLRER

HIEECld UCT+AS UCT OMEREM LICER % T TH %
T rERLIc. ABECTRRETHL, Wo)R Mm%
FV7EETHRE OO 21T . Koo, FL
zebra OFHIiARZfiH 5 5.

7.1 oB FEEREDHES

HARW L — AARERTETH S o FREF L OICE
# 1, UCT+ L DR ZATH . RWHEHEI 2T zebra %
4275, REEG % EN— 285 UCT+ER S 0
v, PR EENDIOERGIEA ) T F IV TR L 7.
7.1.1 IERERICE SR

af B GHGEL | zebra) OEHRELRD -, fERT
R 5 IRT.

B REOEMFIIHERE 1 TUCT+%2 FHL 0D, Z
NP EOHERSTIE UCT+% Eal> Tw b, GBI [
RS 5 TH af HEOH D% VEL, UCT+HIE af
WOMBRIZIERA TN EDGh5.

7.1.2 MERIC L BEFE

UCTH+ & Oxfik 2 7R 2 Jol L7z, xbik o 3 3
ERUZED, UCT+HIZ 1 FH7ho7 LA 7y ME, of
BWRIIEROBRSAEE L THERETHI DO LT 5.

R6ICUCT+zHW 72T LAY E af BEETHVT
LAY EOWEEREZRT. SROBROBTIETRT
UCT+2 b W7-kERTH 5.

7L —7% 730,000 Bl UCT+Z af FEFRES 1 216 L,
RS 21T 7 EGEH O, RE 3T 1HEL TE TR,
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K5 af BROIEME
Table 5 Accuracy rate by af search.

WS | S=20 time S=30 time S=40 time
1 77.3% 058 | 84.2% 048 F | 82.7% 0.47
2 | 825% 0558 | 92.0% 055 | 88.7% 0.52 F
3 84.8% 1.1 | 935% 1.03% | 90.3% 0.8 %
4 88.8% 3.68 % | 94.8% 291 % | 92.3% 1.59 f
5 88.1% 21.6% | 95.8% 17.1 % | 94.2% 6.7 %

£ 6 UCTH(po=30000) %t af #HE DB
Table 6 The UCT+(po=30000) vs. a3 search.
2 H b | 5l | A | /= F
UCT+ af (S 1) | 48 1 6.94
aB (FEs 1) UCT+ 42 1 10.93
it 90 2
UCT+ aB (ES2) | 34 0 16 39.27
aB (B 2) UCT+ 32 0 18 43.14
it 66 0 34
UCT+ aB (EE 3) 0 0 50 281.3
af (FEE3) UCT+ 0 0 50 | 281.8
#t 0 0 100

B UCT+2 5 17z
/=N aB BEOFHRE ) — M

F} 7 UCTbreak DIEfFH
Table 7 Accuracy rate by UCTbreak.

PO | S=20 time S=30 time S=40  time
10000 | 72.3% 290 #» | 84.9% 153 % | 782% 110
30000 | 73.6% 920 % | 86.6% 581 % | 74.8% 437
50000 | 74.7% 2,363 1> | 88.1% 1,185 % | 74.2% 913 B

PO : Playout [Hl#%

7.2 TLA T MIEY)+HFHERE & D SR
MWDOFHM AR %= f# 9 J73: & LT, Lines of Action Tflib
N7z 7 VAT 7 b @i CEFAMm B R % W OF3F-fifi il 25 5 v
TVUAYEZBESL & BT Lorentz [12] DI_REFF (KFaT
I UCTbreak & IfE5) THEBELZIT- 72, FHIMAKICIE
UCT+ &MU zebra 2L, LA 7o M2 HY 5%
SEFE) - 610 v 5.

7.2.1 IERRRIC L 3R

UCTbreak O IERHR % Ko7z, ¥ifER 7 1IRT. %
Bt L0 ) BRMRESELIZ zebra % f# fH L 72 UCTbreak &
UCT & b8z L CIEfRA A L L7245, UCT+ & 1) IEfR#%
TRV & D50 o 7z,

7.2.2 MERIC & B EEER

UCTH+ & O3k 2 T WIERED LB 2 47 > 72, x5 1
BIffi & AR CH B, 7 CHRZERER 72 & BRI 2 25 h5 D\ 7z
?DT UCTbreak DIEHRIEM 2 E < $5EHRbITo 72,

R 8 IZUCT+%# 727 L 14X & UCTbreak %\ 72
TUA Y E DO HERERT.

F7, £8 XV, IRETHD UCT+IE UCTbreak & I
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#F 8 UCTH(2 ) & UCTZbreak D%
Table 8 The UCT+(2sec) vs. UCTZbreak.

B = o | Gl | &g

UCT+ UCTZbreak (2 ) | 50 0 0
UCTZbreak (2 ) UCT+ 48 1 1
a 98 1 1

UCT+ UCTZbreak (4 %) | 50 0 0
UCTZbreak (4 %) UCT+ 49 0 1
at 99 0 1

UCT+ UCTZbreak (8 %) | 50 0 0
UCTZbreak (8 ) UCT+ 50 0 0
it 100 0 0

Betld UCT 20 5 JL 742

LT, ERMRMREERLZE VD,
8. EXE

6 FT, FTHME MCEL ) KD BET % UCT 4%
PENTWDE I EZFER L. EOTETOIERMGRE
DHIFITEVIZ EIEREIE L o TWnb, THITRFIC
EVIFEREREINDL ) — FOBPKELHPL, Lhr—
LRETHDORERSTLMENDL 20 THH EEbN D, S=40
TRIZEA LT TOYFIEEON TV LD TE 2774 UCT
THEVIEMRIZR > TWwh,. MC e UCT O S=20, 30
TIET VLT VLA LIEBEAEEDLL WEERE T -oTL
FoTWwah, 21U S=20 % 30 DK/ — FEiE S=40 &
WARTIEFIZL LA BERZT CTEBINT 212 7LA T Y
MEDSEYD v 7zdTHLERDINL, B, S=30725
S=40 £ T, ZNETNORE T THHFH10 7Tl Ed
52 EN% L, S=30 DHEREAR — FEIL S=40 LR35
L1000 DL RIEZWEEZSNS.

UCT+3fF=7217 D UCB & > % UCT 12~ TIE
fEHFEDPRKE LM ELTWD, FFI2 S=20 25 b IEfFZEA%R)
FELTwa. 72, HEERTIE UCT+2S UCT %6 L
7o, ZOZENBBEERZF TR L, RHEHMEEKE VT
FABIRT L LIFF LTI BWTRIEFRICEN 2 FBET
HBHIEDsND. JREFHGEEZ UCBEICED L9 12
RTREPEFEL L, ATidk (3) o & ) 2T HED
EHRTEY EE LA, EHNICED LD 2 HENR W
T — L OFFCHIRRH 2 &1 & > TENEIERET
REZLEDLDNL.

F7o, THETIE, RETHEL ZOMOTEOMREZ LKL,
UCTH+DMED T 2R L7z, EBROKRE, Ko UCT+
(7L —>7 30,000 1) (&ETH MR zebra %63
b aBHEFEOHRS 2 LN, ENULOBRE D of R
WX T o7 bl g hrolz. af REDOHE
= FRIZRS 3 THHEAD L — 4T, IV 4+ tuTid
EVTANTER=A b L-TELI)SHEMAEI =<y s
AEERDIN TV ED T nwWhr bt Bb s, 7255 [FL
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UCT TJmmaFfiBd % % i ) F:TdH % UCTbreak & 1 i
UCB i\ 3R a5 Nz 5 UCT+D HA34+ o
TIRENTHEREE D 2 &£ D% > 72, Lines of Action @
EATT VAT T b DEDLENDLIRL WS — LTk
UL, UCT+D ) SRR OfivJ7 & LTiEER)
ThbLFMHTES.

9. SHEDBRE

RETFES T O IIBWTHR G 2 L 2R, 471
BN B OIS 2D 7 — 2 TH EEZITV, &
DOREEHNTH BRI THAIW., FHOGTEEY T A0
BHOZER ENPAIIL L > TETWLDT, BTN
AP L2, b T Y T EREETE RS N —
THHRL TR,

I/, SR E #7 VAT b HELITEITNSL D
£ g THio 7z, Eo k) ICRHEEHiRI A UCB
WA 5 DWB O, FEuRfosr — 4TS 5IHGEE
2T, ERMICED LD FEPRBWAE L.,
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HEEX

THHOLEL A & P ESCRFEBIE I, P 23 £ (58
62 [0]) A - TR S ESGE AR R TR SN
HPLRHICER TH S 2 LD N BT LHERE %
ZHELICHILTH 5. (FESCRE =)

B Hl

1970 4FAE. 1993 4 HUHR RS A Eh A
3. 1996 47 BT K AR B B A SR A
JeRHE LR T P E E R R
B~ 22, 1997 4R [F K= P g R A,
2002 4 & B KK 7 e B T 50 78
MR T. Bt (T%). |
ERARB AR HIAIZE R PD. 2003 4E 7 F 57 bx— 4 K
FRBZER. 2005 FACEECI R R RS ER
SEIFFE R AL, 2010 4EARVT T3 5 55 5 P 22 e 4 R

(IE%R)

WHEIZ., 3o — RS, 7 — L IEMEEIE IS,
ICGA, ar¥a—¥IHs, uRyy 7THARARESHE

=R.

AR 82K

1987 4E A=, 2009 4F BAR K48 & B
TEEERACHE - RS A T L SFREARS
2011 4F [FlRAE R BEAs A B T2 F o8
B - 15 A 7 L2 UE R
BT, FAERKZHET A 714 74—
AtL.

Y

© 2013 Information Processing Society of Japan

B &k

2010 4 BB KFH A B T E LS
Wy AT LFEREESE, 2012 AE B
RS BERS AH TAA ge R R
VAT LFHEYUE T, R
— 4 A

VK R

1971 4R PR 37K 57 B ER R 7 Rk 26
. 1973 KRB VR R AP B A
WFERME LR 1. i, 1974
FILERFH A E . BE, BAK
R LA ERHE > A T L5
WEdE. 7 — AW, RTERRETF O
WIFRICheH. FHEMRETY S, WIS, HARRRTY

KERA.
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