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Towards a universally effective utilization of board similarities in
General Game Playing

YoSHIAKI UEMIYA! DAISAKU YOKOYAMA!

Abstract: General Game Playing (GGP) is a problem category that aims to achieve programs that can play
a variety of games only with the rule definitions. Since it is not possible to rely on game-specific knowledge
and techniques, Monte Carlo Tree Search (MCTS), which does not require an exact evaluation function, is
widely used. On the other hand, the number of simulations cannot be easily increased due to the need for
general-purpose implementation. With regard to this problem, we proposed a method to increase the number
of apparent simulations by adding matched or similar board information from exploration experience to the
expanded node in MCTS. Results of past verifications showed that using similar board information increased
the win rate in some games. In this paper, we explored the characteristics of games for which our approach is
effective by measuring the distance on the tree between the extended node and the similar board information
obtained from the exploration experience. We also proposed a switching algorithm for our approach using a
small number of simulations in the preparation period, which successfully stabilized the win rate.
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2.1 Game Description Language (GDL)
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(true(cell11b)), (true(cell12b)),
>< (true(cell13b)), (true(cell21b)),
(true(cell22x)), (true(cell23b)),
>< (true (cell310)), (true(cell32b)),
(true (cell33x)), (true (controloplayer))

K 1 tic-tac-toe DA
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2.3.1 Move-Average Sampling

Technique (MAST)

MAST &, 2008 12 AAAL © GGP DR THERB L7
Cadiaplayer IZFH W 5N T W ERRHIHFIETDH 5 [6]



The 27th Game Programming Workshop 2022

Ny 72 7arF—2aryDRATy FITBWT, BRLE
J — R U TRRIFIREE T & 7= 3R © 35 01 80E [ Bk
XETWVLIZ, HBELZ28AETF o 1IR3 2 FE R
Qa) BEF Ltk L TH L. Lo T, 7 — 2 DIREEICBIR
2 BOHRE & 72 53 B8EFIE. BRIICTEEHM
{2, ZL T, TVAT7Y FRT v TRBWTEEFOD
BRET 2. R20FXF 7232 7) v 7R HWTH
HHMMDPEOFEBIRT 2RIEL KD L5125 5,
eQla)/7

BEF alZBWT, P(a)ld. 2714 7Y b OBmEIR
BT a BT 2ERTH D, Qa) XML T~T, %
ToT @3RI RXA=RTH D, [7|TE FVXLITVLATY
%2175 MCTS 7L A ¥iZx LT MAST %= MCTS
7L £ ¥ & Checkers Tl 54.83%. Othello Tl 58.67% .
Breakthrough Tl 88.67% DR %Z R L T\,
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HETH 2, FHRKERBUL, 1 RAEIOEEFOR
KEEVELEETHD . ZOEPKRE NS — LR X
N5 MCTS 3B FE DR R BIRW,

K1 EBEITIES—LOFY

R | B0 | B0 | SRR

X—URC | FEE | R TR
Connect Four 22.52 2 1.0 8
Connect Five 46.83 2 1.0 63.5
Break Through 27.49 2 0.19 19.65
Knight Through 31.45 2 0.13 41.73
Pawn hopping 34.8 2 0.14 16
TTCC4 43.14 8 0.29 11.96
Checkers 51.58 4 0.15 6.51
Sheep & Wolf 40.45 2 0 ESVR -
Free For All 30 2 0.42 18.39
Golden Rectangle 29.87 2 1.0 7

4.5 HERFER
4.5.1 SYALIYI— KO

£ 2 MCTS L AFYIIHLTI Y ELD
Tra— RAEEFEELT LA YORKE
(KRFUEHEHNCEE AR ERT)

=

ws | | slEny | Lo
Connect Four 219 271 10 2.11e-02
Connect Five 207 | 292 1 1.64e-04
Break Through | 193 | 307 0 2.11e-02
TTCC4 258 242 0 5.02e-01
Sheep & Wolf 265 235 0 1.94e-01

4120 (1) F¥Xrick bz rya— RAEEZHW:TL
4 ¥ OMEHRER 2K 21" T, BTDF—2DBWVWT, §
HEDHLDOBBBRLER27 - L3 h ol ZOZ LD
5, LTI VR LRE Yy b EREIDYT, BIZ O
HERRDOEREE Y Loy a— FAETIR, IKET 28
A L CTHERIE®RZMNINT 2 X 5 BRI 2 AH 5%
DHETHIF T2 TERVWEEZOND,
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ZBEDAEMAT2FIETHD, —EREDOBLN LR
Rohz, B2y M1 222 -ODBEODOE v +
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BREBRD SN VY TS 1 L R 2BEEZIET 52,
BMTHoT, 207D, HE1 DL Z3HRIIHMMEO &
HEOVEDLRP o, Fiz. BHME 3 LLEIXERRRFEE M
DMENHILOFERE R o7z RETIXZN S OFERIZA
W32, 2L T, HLUBHEZAHT 2HE2 ORfE. LT
D XS BEERPE SN,
HIERNE - BV 2 FIF 3% Z & T Break Through, Knight
Through, Pawn Whopping (&3 03 L2523, s — 4
SR TH 5 TL % o7, KT Connect Four, Free For
Al EBEZ ISR T HI o 72,
N7V Break Through, Connect Five, Pawn Whopping
FEMBEEZ AT 2 2 & THERB LN ZH, thor — 24
B L TED E DR R D o Tz,

4.6 7—LEOEVOIRE

452 DEBRERE D, AR OFEN T — L2k > TH
MBGELHEY LFRMEALRWEEDSH 5 Z & 2R
L7ze 2T, N2 U7 HEBECHELUEE & HIE X - BH
. BRERAROFTIE DEEDHEICH > /=200, ZFN
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Connect Four IZBWT, 7 VX LDy a— RHEEF
L7z, FAUEm e e Xh - REOEDHEZ »
HBESH K 9IRS, M2 EOERE, Mo 1 & —>
BDYIalL—>a YTOHBARBKTH S, £7—LTD
10 B DBIEE IR TRLTWS, i 6 25 8 ZHD
EFRE5BOS I 7 EER Lz, 2OZEnH, R
W2 O FELUEE OBIS HIE TR, 7Y X LB ERTL
T NI UZPERED 2 2723 oMM A ELD H L 7=,
LD 6 05 8RB IEDEZILND,

Connect Four

9 10 11 12 13 14 15 16 17 18 19 20

— 2 3 4 —5 —6 —7 —3

B9 SvXr0xya—54rZ%HnT
1 2 —>df b QR 2 BT U 7= [ & SRR & o FEEE
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F£ 3 MCTS LA YL THIIR — FIZBERZ[MIIT % EE 7L A Y ORHE

(KT B R R e R T)
HIERIE NIV
NIV 7HRREO NI V7 HRRE 2 NIV 7HERE O NIV HERE 2
o o o =
By | a1 gi ﬁ;gi By | Zi HSEi By | 23’ ﬁ;ﬁﬁ' My | Zi ﬁ;ﬁi
Break Through 302 | 198 3.80e-06 | 377 | 123 0 5.23e-31 312 | 188 0 3.24e-08 | 326 | 174 0 1.01le-11
Connect Five 290 | 210 0 4.04e-04 | 275 | 225 0 2.83e-02 272 228 0 5.44e-02 | 287 | 213 0 1.08e-03
Pawn Whopping 269 213 18 1.22e-02 | 343 150 7 1.93e-18 346 147 7 1.52e-19 | 362 129 9 1.25e-26
Knight Through 290 | 210 13 4.00e-04 | 388 | 112 8 1.17e-36 292 | 208 0 1.99e-04 267 233 0 1.40e-01
TTCC4 307 | 190 0 1.73e-07 255 243 0 6.22e-01 308 | 192 2 2.40e-07 | 285 | 213 2 1.44e-03
Connect Four 288 | 199 13 6.39e-05 | 133 | 359 8 4.96e-25 309 | 183 8 1.47e-08 | 283 | 208 8 9.79e-04
Free For All 200 | 117 | 183 | 3.64e-06 28 409 63 7.03e-88 214 | 110 | 176 | 7.89¢-09 | 139 | 279 82 6.76e-12
Checkers 185 66 249 | 3.08e-14 164 107 | 229 | 6.43e-04 186 73 241 1.51e-12 182 78 240 | 9.52e-11
Golden Rectangle | 276 | 224 0 2.25e-02 | 246 254 0 7.85e-01 | 290 | 210 0 4.00e-04 | 261 239 0 3.48e-01
Sheep and Wolf 255 245 0 6.87e-01 243 257 0 5.61e-01 282 | 218 0 4.79e-03 261 239 0 3.48e-01

Break Through Connect Five

1 2 3 & s & 7 8 8 10 1 1 1 2 3 2 s 6

4 —5 —f —7 —8 —9 — 10 e —] T D el —— — —]

Pawn Whopping Knight Through

9 10 11 12 13 16 15 16 17 18 1 2 3 4 s 6

4 5 e 7 8 —9 ——10 4—5 —6 —7 —8 —8 —10

Connect Four golden rectangle

9 10 11 12 13 14 15 16 17 18 19 20 12 3 4 5 6 7 B 2 101112131415 16 17 18

£ e § e e 7 e o e 10 e 11 £ 5 e ] —§ —3 —10

Sheep & Wolf

free for all

2 1011 12 13 14 15 16 17 18 19 20 21 123 456 78 9 101112131415 16 17 18 19 20 21

5 ] —F —0 —10 — 11 45§ —7 —

Checkers TTCC4

510 11 12 13 14 15 16 17 18 15 20 21 12 3 4 5 6 7 & 9 10 11 12 13 14 15 16

4— 5 §—7—8—9_—1

—_1— 4 —5 —6 —7 —8 —3 — 10

B 10 "I~ fFEOIYa—F 4 IRV
1 %= 7= b QLU 2 BUS L 72 [E0% & SRR & o Pk
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Knight Through Connect Four

1 2 3 4 5 6 7 8 123456 78

—1 —2 4 5§ ] ——8 ——0 ——10 — —2

K11 HEEoZYa—74 Y72V 2 5 =40
1 X — &7 b OELURTH % BUS U 7z B & HRsRAR T & o FEAE

4.6.2 HMBAEZZERLI-I> 31— FOKRSE
ENENDT — LIZDWT, N7 V5 RIH UK,
FELURm 2 HE W BHO B Z £ OB %K
10 R T, NIRYFEOLYa—T 4 Y I HENER
& 7% o 7z Break Through, Connect Five, Pawn Whopping
. FEEEDY 5 LUT O#iPHIC & % BRI 2 PR R & % < HY
FLTW, ZHE46.1 DT Y X ARBEXIDE WV, D
E0. IS TR NIV IHEREHC X - TH S HEEHRED
IHWBHIZIEL L B2 TnwWizZ e b b, Knight
Through % FEEE 5 DU T O#iF T2 < BUS L TWz2d, &M
B OEBOMHEAN T LA T THEHREL TORD -
2o, BROMEPLED LRI -T-D1ZEZ b5,
—/ T, K11EHBRIED T > a— RicB U 2 LU m o
B Z r OHBRN MK T®H 255, Knight Through I&., N7
< V5 & X T Break Through %° Pawn Whopping &
AR5 T DS T 2 BEEE DAL E LT\ 5 720,
BERPA L LD EZ 55,
Fo. HFEDIRD LD o TMD S — 2%, BUST 288
DFEREDLHIFICTE > T 2 e, BRIEED & BUS 5
2 FALUR I O FREEDHA DL E L TWIRWZ e ADD %,
CDRERDP S NI VIR EBROEREZ 5 £ < KT
ERWT =L, A ZEREFHHRELEDL T — 4
WH2B PRSI NTz,
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FEROERBFMTITIS> 7 —LDHF

GGP T 7 — ARSI LAY =1 L Tr — 4
=)L e FIEB D 5B RS G5 2 5 b, K
W Tld, 2 ORI 2 HWT, IREFETH 2 HLUE
HORHAPENTHL2PHEL, FEEZUIVEZZ %
A B

5.

5.1 Hai0ERERETOREERDER

HETOFR ORI T, ARSI 21—y a v &fT
ST TH —LEMBIT 5 3LV, 22T, A%
TEET =2 LTI0FFTOYIalL—varys2H
a5 2T, MMy —20EREZITET 2, HE
SR HT MCTS 254755 Z & T, 4.6 TITo 72MGE S
B AR, TRIRS 28I U TR D RS T %
ZELUBTHEAHR L T3 Y U — kTl SWVolhic
HEEFML, LA 7Y M2 0BT I 2L —
Tarz 10 EFH LR ZK 12 1R T, 4.6 DR
Rritgdze, BEBTOSI 2L —2aryTHNET
AT AR &SRS — 2 OWEERIEZ B 8T
LrEzZBHN5S,

Connect Five

Break Through

15000

10000

4 —5 —§ —7 —8 —9 —10

Sheep & Wolf

\_AA=

1 9 0 1 1.

Connect Four

2 3 4 5 & 71 8
4 m— — — — —) m—10 —) 2 5 4 5 ] ——§ ——10

TTCC4

5 6 7 8 3 10 1 12

& 5 e 7 B —§ 10

K 12 Haio R CfT S 517k
I ab—¥a i X BB Z BT U7z Bk & HRaREmE & o Rk

5.2 BLEEEFIBAOHESRE

AR OREFIETH 2 HLBHOIERAIENTH -7
7=l RS AN L THEELTWEY Y — LT
IR 2 PRERAEER D H 2 CHUF LTz 72 EFLE
ML olzyr —L0RMO—or LT, Mk DR
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TR & B 3 2 FEUE T O FiEE D EM D E LTV
ok, ZNHDOZpLEETDOY I 2L —Y g
VETWT —LOWEEEET 5 2 & T, BEFEOEM
BEDENTHE0EHET DN TEIEEEEZ b,
HATOMEFRFET 10 FETOHOMNEE 10 [MEMEL, Z
DBFETITH S I aL—2a »% 500 [\ & 250 [ENIERE L
T, EIRS 2 AT & BRI & BUS U 2= S8R o
ZEHHIL 7=,

5.2.1 ILREE CIFERRERD SEE L -8HE & 0 FEiEEE

® 4 FHIOHERRE M OABFRTITS>> 32— a it s
FE5R 9 2 BRI 1R 5 2 KR BUR I D V-3 A

T A7 MEEK 250 | 500 | AW (K110 &D)
Connect Five 2.07 | 2.17 2.27
Knight Through 2.10 | 2.57 2.66
Break Through 2.23 | 2.94 2.96
Pawn hopping 2.85 | 3.27 3.42
TTCC4 3.59 | 4.06 4.42
Golden Rectangle | 4.72 | 4.84 5.12
Connect Four 4.52 | 5.11 5.48
Sheep & Wolf 6.02 | 6.50 8.37
Free For All 5.81 | 6.60 7.21
Checkers 10.3 | 4.72 9.34

KA4F, B — LT IEIL 7Rt P 2 A L 7
HbDTH 5, 10 ®, ARFETITH MCTS 1I281F 5 500 [E]
DYIal—yaryiOWTOFHEHDEML 7, H
BIHEE N7y OWFTNhrD Ty a— FAEIC X 35U
B OFATFETHERDMA L L7 Connect Five, Knight
Through, Break Through, Pawn hopping & D, ARFEKD
DR S EIMER 3.5 LED, ZALLTORIZIEANT
< RS LD 2 $TERRAT 255 2 UL ORH
FEEE O Z FHWAFHELYID B R 2T ERZEZ D, K4
R 5 ARFROFFERIZ. 250 FORDFE 1.2 (5 TH
270, LA 77k 250 HORORBIER 2.92 LRET
5TEDTES, R4 &D, L A7 7+ 250 [EDREDI-
YIREREDS 2.92 DUT @ 47— LU o F FH TR M
ELTwa,

5.2.2 FREERHNSIIGT 2BEOEROIER

K 51&, HEEZ & ot o HBEIEICOWT 10 [0
aHID HEFMERA 2RO, 206 D FEZ R H U AER
THb, K10 D, AFTITS MCTS IZBF % 500 D>
Tal—YaryiZOVWTOREDHEH L7, ED 0128
WIEE, BOIRLFAILY — A %2To BRI, BREREEH, S
S5 2 PR E OB OEANLZEL TWDE I 2R
T K10 226, HG T 2HLUBHOEMENZE AL DRS
WEBWTLRELTWED o /s — L1F TTCC4, checkers,
knight through T®H o7z, £ 5 OAEROEUERFZE O
HIZBNWT, ZROLDLEL TV —LEZST
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5 FHOEMMMROARIFCITS S T2l —> a1k
RIS 5 SR S 2 ST OB = ORREIRE DT

LA 7T MEE 250 500 AFR (K10 &)
Golden Rectangle | 3.55e-03 | 4.51e-03 4.10e-03
Connect Four 6.72e-03 | 4.93e-03 1.58e-03
Pawn hopping 8.50e-03 | 6.70e-03 2.63e-03
Sheep & Wolf 8.90e-03 | 6.39¢-03 1.51e-03
Connect Five 8.94e-03 | 1.40e-02 6.73e-03
Break Through 1.62e-02 | 1.21e-02 3.34e-03
Free For All 1.74e-02 | 1.78e-02 1.64e-03
TTCC4 3.30e-02 | 2.10e-02 2.38e-02
Knight Through 3.44e-02 | 2.94e-02 2.44e-02
Checkers 3.94e-02 | 6.33e-02 2.68e-02

BWTF—ArTlE, BEHLZEZ—MESERE o7,
Ko THUS T 2 HLUBE OO REEEZ XK 2L L
T, BfEZ 1.0e-02 LED B, R4 DERPL, TLA7
v b+ 250 BIORFDOEIGARBR DR D 2.6 {5 TH 5720, 7
LA 77+ 250 BIORFORIMEIX 2.6e-02 LFRET DI &
T&E2rEZX%, £4&bh, L4 77+ 250 HIDORDF
YIRREEDS 2.60-02 DL ED & — 2%, WD R T 3 FE M
A O FEBEDEMNIZE L TR,
5.2.3 HBUBEAROYIDERZITS FL 1V ORER
52.1 ¥ 522 DL S, NI VB TRE YTV
- R E2FRCBI2HELUBHOFHICHEL 727 — 4
'¥ Break Through, Pawn hopping, Connect Five ¥ H|WiT
XA

R 6 NIVIHEHERELIERRRE NI VIR

FIY B LAY 3 10 BEO S — A0BROTY
NI VT OYI D B2

0.631

N3 OREE 2
0.571

NI v JHRBE O
0.622

NI VST ya—F2175 GGP 7L A ¥iZBW
T, RIDEELS, NI U ZHHEE 0, 2 DEFOBER DI
fE & . Break Through, Pawn hopping, Connect Five Df
NI v 7EREE 2 ORI OER 21TV, LSO
—H T MHEDADIGEET - LRDOBRDVIEE %6
RS WODFT— LI X2 T VIR OY DB 2 217
58T, FELTEVWERE LS Z RSN,

BEHOIC

GEP IZBWTAR WY I a L — a YEETHEEZMH
LX¥ 27201z, MCTS TEMT 2/ —FIZHLT, 20
T & B 2 MR THI R 2 PRERAEER D H BUS LTINS 2 F
FEERE L7z, BUEOHERELE LT XFHITEE
SINBHEIBERE Ny ¥ afliczya—RL, Ny ¥ afl
DERLZEy MBIV RWIZEHELENRSVE Lz, HH
BERER LTy a— FHETIE, —Eor — 208

6.
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WLENZZ e BHERLEZDOT, AHFETIE. 3EEOBRE
DLy a— FFEIZOWTHROLLREZITVW, =ra—F
FIEOMRDBD o 127 — L 2D o 127 — L DFE NI
DWTHAEZ (T o 72, ZDFER, LR T 2 MM LT,
MR L T3 Y ) — E TRV 2 BRI D 5% < BUS
LTWE5 =L TEBENPMLET 2 2 ZHL2IC LT,

F7-, SHOUBEERHE T2 2 THRSH ELRWS —
2F. R D © BUE 3 2 % o FREEAS L EE I JE - T
W Z R, A Z LIS T 2 U E o BEEE O fEm A
TELTWRWZ L 2 R L7,

Z LT, HEHioMEHERET, ek Iat—vay
2TV, HRIRT 2R TH & BRI 5 BUS 3 2 BB E O
FREEERFHS 2 2 v T, EiiT 25— 200 U CTHELAR T
DORFNCENTD 2 02 ET 2 A ZWE Uiz, B
WP ETH 2 LW 23 LT, RS 280m e
BRES» SRS 28EH e 0y Y — EOFiEREe, H
A FH U 7= BE A 2 DR 2= O SEEE R iV 2,

SHOMITIE, Fal O MERRERE L ORI A H
BCino e T & 72 GEC, IRIRT 2R D & W R
WZH B BEEELMENSVEHET 2Ty a— FFREDH
ENTE D LS RMAHAERE LTV,
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