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Estimation of Own State by Opponent's Behavior in Cooperative Game Hanabi
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We used a card game called Hanabi as an evaluation task of imitating human reflective intelligence with artificial intelligence.

We compared human play with random strategy, rational strategy with opponent's viewpoint, and rational strategy with

feedbacks from simulated opponent's viewpoints. The results indicate that the strategy with feedbacks from simulated

opponent's viewpoints achieves more score than that with the rational only strategy. The result indicates that the scores of

simulation with these strategies are close to the average score of human players
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3) Rational strategy with opponent's viewpoint
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4) Rational strategy with feedbacks
from simulated opponent's viewpoints

Previous possmle worlds

®
RS TII‘II‘II‘IW |oock]ssss
- -

®
BIHEEH
-

@
]
-

e
HERER BEEE

Ad -
that has

{ highest probability

IEEIEIEIIE IEIEIII

@l@lﬂﬂ
ll

@I 1 4 @@fﬂﬂ-izﬂ]%ﬁl

T2, 40%DHERTT U H LI —ROREFE, 30%DHERTT
B NI T —R DTV A%T o7,

4.3 RIEREERRS

BEIL TV AYIX, BOOHEZLNZTERTFOTER X
HIENTEL (K 1 £ ), ZTAUIHEERZRIFEHRTHY, 2oL
EWMRER T TTLAEITHIT—T = M, fERIITHE)
ZRFITL LB AP T L AN T REE 25, BRI FIEE
TR T, .

. LLTVAPRT VA —RER>TWHiX, £0h
—REFVL A5,

2. LLIVAVYREERRET —REFf>TW\Webh, 2N
<5

3. LULMETERT VAR EET—REFf>o TV, 7L Ak
ZDI—ROEDEERE L N —2HZD

4. HLLHEERTLAHRED—REF>TCWRWEE, 71 A
YISTHERBEREF > TRV =R b 1kET 4
LR, ZDOH—R OO TOEREHZD

5. LUMTERT L AR[EER I —RERi->TEBLT, LAV

IR =2 PEELR WG S, TV AYIZE 5O h—

h?&l*ﬁ@/&—& IO, FNEETH,

4.4 fhEFETEHLDECHE TS

RERHE ClE, RS 0HLAEBMEIK LRI LA
EATHMN, 4.3 DATYT 4 T HMERTVAAEE/2 I —REH o
TWRWEA HFEOHLEFENL, B FOMRSEET 2L —)

L, ZOMERELTHY DI —FEFETD (K 1 4), I
FRHGERUINCEZ D, LOVIRIRE TS LT MR HE R
ThHD, ZOTHEOFNEFLL FOLEBVTHSD,

TLAYIZA GRFROFOFREIMEAGDOEES HERT
#Z2 %Wz T, H={{R1, R1, G2, G2, W1}, {R1, R1, G2, G2,
W21 V) T AYIE, —FRHIOZ — LOURTE Dypre, Ppre, Tpre & FF
]HI5, ZLT.HDO—D>—DDEHE Ppe |G TEDD, U T
1ED72 Ppre DB BERITHKL T, 22l —hL7z Fop OFEREF
%95 (Anyp=Fop (Dpre, Ppre, Tpre, Whyp op)) bLI =L —R L7z 4E
B Anp 3, FH TR —THNAT o BEDO T E— K LW A,
ZOFEELS HMOLEVERL, ZoE/EE H DRI 525
Wb ETHIE T, UL EDO R EIcd, 7V AvIiZE
DFOFEEEA Hestimate ZRDDHIENTED,

T AXIIa—VRT 47 2% VTR > TS — R A& HEH
T5, BEDID, OB LTI —ROREE x, IICEHL
T —ROEEE y 45, x By D aff LY REVEAIC, 20
—FREF>TNDEE 2D, BlziE, ?Ekw%bw:o%mﬁk
LTCWRNWEXIZ, O T LAY N B2l —F 4 DI —F
Wik EZ R DET B, ZOH—RIZKUIEHR NG 255 A HE
PEIZ, ZTVATREA — R THHLEXIZKRELRD, (- THFIZK
D, ZOH—R%ERk, EBZDHDIE, ZOH—FH Gl ThHHEX,
LU TETREMEN £ 5, BLEDOFEELY . 2o —R% Gl &
HERIL ., 1 SR LV EEAHANCE SN T, T ATids
DH—R&ETL AT 5D,



The 29th Annual Conference of the Japanese Society for Artificial Intelligence, 2015

5. YEalL—i3v

5 DOIKIZDONWT, ENEFNILE2—#T 100 [HT =l
—RLfERE, AMOT LAY T 20 B2 —RLIzfE R %
B U7, SRAFIR TR RS CThH D, 3HR T, FFTol
—RW 2 KDOBGE . 5 BOBEDOENRENDOF RET-T, B
ROBIRDT=D | Bl 5 ORI ol —ra #HEE LA
HO—EOHAT T2, FRIOT Iz —a3028D, a=2.5 &
HMEDERIE 5 IZBWTRbE&ER Thoolo, ZOEEHH
L7

FERELT, TR OBEORE AL 24.6 (SD 1.10) , To¥ A
DERIE 2.20 (SD 1.60) | fiFEH tHADHHE BRI T 14.53
(SD 2.24) . FEH S DI I2L— 7 4 —R Ay 7T 55

ERHECIE 15.85 (SD 2.26) L7ao72, ANOVA B EEFT 75 3.

BTORNIIBNT, p<05 220, BEOAEEN RSN, K
FERIE, ME RO I2L — R T =R Ry 7T A E R
W23, HiZp 2 G BRI B DL EIC B R AR LTz A R
T%,

6. BELIEH

AFERIT M DA B OO S EHER 52 I —
Tay s, A0 R ERICH L THE BBV TOAIEE R
B4 5, 7=k %2 1X . D={W:5, R:5, B0, Y3, G2} .

Wp"eJﬂ: {CpreJﬂ:(_,_ 1 a_3Y_5_) N Cpre,opz(Y 1 s R45 Y4, B27 Y4)} A

73 Wore op={Cpre p=(Y3, B1, G1, Y2, B1),. Cpre op=( _, _, 4,
L, YEVIEE TLAYRHEFICHLT 1 OB —REHZ T
Ba o7 (Cop=(_1,__, 4, , 4), ZOLE Hzxbizh—
RIX Y1 THOREREDR b o b N eI o7 a7 NI HRTL
Y1 27 AL TS, FREORIL T, A ERATHRES CIX TR E
TET, ZOIORR W TER T,

AL FHFEDOI Iz —Ya il kb H CHEEIC LA
FREE RN TS, EHEZDILENTED, EHITBE, NRE
i N THEEDVERZ L CWDS, ZHOLTEABFOET LA E
THHEITINEREE i L TO R THIEE 2D,

7. HiEE

AHFFEIE ISPS BHFF 2 25700024 DB A S 726 DT,
S5 Xk
[1] R.W. Byrne and A. Whiten, Machiavellian Intelligence:
Social Expertise and the Evolution of Intellect in Monkeys, Apes,
and Humans. Oxford University Press, USA, 1989.
[2] J. Luft and H. Ingham, “The Johari Window: a graphic
model of awareness in interpersonal relations,” Hum. relations
Train. news, vol. 5,no0. 9, pp. 67, 1961.
[3] B. Abramson, “Control strategies for two-player games,”
ACM Comput. Surv., vol. 21, no. 2, pp. 137-161, Jun. 1989.
[4] K. Krawiec and M. G. Szubert, “Learning n-tuple networks
for othello by coevolutionary gradient search,” in Proceedings of

the 13th annual conference on Genetic and evolutionary

computation - GECCO ’11, 2011, pp. 355-362.

[51 S. Gelly, L. Kocsis, M. Schoenauer, M. Sebag, D. Silver, C.
Szepesvari, and O. Teytaud, “The grand challenge of computer
Go,” Commun. ACM, vol. 55, no. 3, p. 106, Mar. 2012.

[6] S. Ganzfried and T. Sandholm, “Game theory-based
opponent modeling in large imperfect-information games,” in
International Conference on Autonomous Agents and Multiagent
Systems, 2011, pp. 533-540.

[7]1 D. Billings, D. Papp, J. Schaeffer, and D. Szafron,
“Opponent Modeling in Poker,” in 4441 Conference on Artificial
Intelligence, 1998, pp. 493—499.

[8] D. Billings, N. Burch, A. Davidson, R. Holte, J. Schaeffer,
T. Schauenberg, and D. Szafron, “Approximating Game-
Theoretic Optimal Strategies for Full-scale Poker,” in
International Joint Conference on Artificial Intelligence, 2003,
pp. 661-668.

[91 M. L. Ginsberg, “GIB: Imperfect Information in a
Computationally Challenging Game,” J. Artif. Intell. Res., vol.
14, pp. 303-358, 2001.

[10] D. Whitehouse, E. J. Powley, and P. 1. Cowling,
“Determinization and information set Monte Carlo Tree Search
for the card game Dou Di Zhu,” in 2011 IEEE Conference on
Computational Intelligence and Games (CIG’11), 2011, pp. 87—
94.

[11] FLEXE, KBATX, KEBE, MEES, BHEH,
and AR{Z, “AJBRIgETOC ok, A T4HE, vol. 30, no. 1,
pp- 65-73,2015.

[12] R. Aylett, L. Hall, S. Tazzyman, B. Endrass, E. André, C.
Ritter, A. Nazir, A. Paiva, G. Hofstede, and A. Kappas,
“Werewolves, cheats, and cultural sensitivity,” in Autonomous
Agents and Multi-Agent Systems, 2014, pp. 1085-1092.

[13] K. Wérneryd, “Evolutionary stability in unanimity games
with cheap talk,” Econ. Lett., vol. 36, no. 4, pp. 375-378, Aug.
1991.



