Vol. 43

No. 10 goooooooo

Jobooooooobodgod

O o o of oo o off oo o off

O o o of o o o of

goooooooooooOooooboOoooooboobooboboo200b0b00D0000DOODOODOD
goo0o0ooOoOo0ooOoO0o0O0b0O0OO0O0O0O00O00O000O0O0O0O00C0OO0O0OO0OO000C0O000O0
goooooooooooooooooooOobobOOoOoOoO0oOo0oOOoOoOooOOOoOoOoOooooooboo
g0ooo0o0o0ooooobooooooooooOo0oOooOOO0OOOOOODOOOOO0OOO0O0OOOOObO0ObODbO
odoooooooooOooOoO0obOOOO0000oooOoOoOoO0OO0O0OO0O00o0oooOoOooOooboOoo
gooooooooooooooooooOoOoOoOoOO0OOOOCOCOOOCOO0ObOOOOOOoOooooOo
g0o0o0ooooo0oooooboooooooooo0boobo 200000000O0DO0OO0OOOODO
0000o0o0oobooooobooooooboooo0oooOoOb00OOO0bOO0OooOoOoooooonog
ooooooo

A Game Tree Search Using Expectation

YASUYUKI KOBAYASHI,* TOSHIHIRO SAKAGUCHI,ft
NORIFUMI SOBASHIMA,t SHINYA NANBAt and DAISHI KUROIWAT

Minimax is the most basic game-tree search method for zero-sum two-person games such as
Chess, Othello, Shogi, and Go. Minimax uses evaluation values at leaf nodes and calculates
returned values by taking the maximum or minimum of the successors. If evaluation values
given at leaf nodes exactly reflect the result of the game, minimax selects the best move.
However, if evaluation values given at leaf nodes do not properly reflect the result of the
game, minimax may not be the best approach. Various improved methods for minimax have
been proposed. This paper proposes the so-called Expectation method which at the level of
the leaf nodes takes some probability information of two additional ply into consideration for
every position. Experiments within the domain of Othello show that the Expectation method
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is an improvement of minimax.

1. 0000

20000000000000000000000
0000000000000 00000000000
0eeps0Y?oooooooon
0000000000000 0000000000
0000000000 000D00000000000
000000000000 max00OOO0D0OO0O0D00OO
00000000000 000 min0OO0O00OO0OO
000O000000000000000000000
000000000000000000000000

+0000
Shimane University
ff 00o00oo0oooooooooooooo
MITSUBISHI ELECTRIC MECHATRONICS SOFT-
WARE CORPORATION
t++ 0000 FFCOODOO0
FFC SYSTEMS LIMITED

2973

obooooooooooboobooobuobooooo
gboooooooooboobooOoobocoobooo
oooodooooooobooboobbooooo
00000000000000000Y000000
gboooooooooboooobooooooooo
goooobooooooooooooooooooon
0/000000000000000000O0OOO
00Y000000000000000000000
0000000000000 00000oo®o0000

goboooooooobobooooboobooooon
godoobodoouoboobooooooooooobooo
gobooboooooocoooobooboOoOobOonn
gooooboobooobOOooooboooooooo
oooooooooooooOooooooboono MO
goooobooobOoobOobobOooOooooooon
o000 NOOOOOoOooDboobobooDboooo
0O000O000%0000000000000000



2974 goooooooo

000000000000000000700000
000000000000000000000000
0oo®Y000000/000000000000
0o ooooooooO
0000000000 0000000000000
0000000000000 00000000000
0000000000000 00000000000
0000000000000000000000700
000000000000000000000000
00000000000000D0000000000
00000000000 0000000D000000
0oo0O00o00O0d
00020000000000000000000
000000300000000000000000
0000000000000000000000000
00004000000000000000

2. 00000

2.1 00000000000
000000000000000000
000000000000000000 AOOOO

000000000000000 200000000

U000 ¢gDO000 AODO 00000 N(h,o?)

oooo
00000000000000000000000

00000000 2000000000000000

000000000000000000000000

00000000000000000000
010000000 ROOOOOOOO 3000

0000000000000000000000000

00000000000000
020000000 R0O000O000ADODO

000000 CO000000000000 CO0

00000 300000000000000 2000

00000000000000000
0ooo0 C; ((=1,2) 00000 AOO0O00 C; 0

00000000000 20000000000 A

0000000 BOODOODOOOOOOOOOOOOO

¢ 0000000000¢ 00000 N(hi,o?) O

0000000 g 0

2
rgexp(—%) (1=1,2)
goooooooooooooboooood
oooooooo coooo 3oooooooo
000000000000000 E(o? hy,he) 00
oooooooooo

f(=lhi)=

Oct. 2002

01 00300000
Fig.1 A game tree of depth 3.
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Fig.2 Expectations in the case of two leaf nodes.
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Fig.3 Calculation of expectations.
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Fig.4 Minimax method using expectations.
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Table 1 Means and standard deviations of

approximations for expectation.
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h = (10,21,29,32) 0000 M,(h)

Table 2 M, (h) for h = (10, 21, 29, 32).

—32 —16 —4 —2 —1

0 1 2 4 8 16 32

P
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Fig.5 Expectation method and minimax method
(o =8).
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Table 3 E(c2,10,21,29, 32).
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04 000000 E(82,20,hy,hs)
Table 4 E(82, 20, ho, h3) for the max node.

hg\h3 —20 | —10 0 10 20

—20 | 20.02 - - - -
—10 | 20.10 | 20.20 - - -
0 | 20.17 | 20.25 | 20.44 - -
10 | 21.18 | 21.20 | 21.26 | 21.98 -
20 | 24.46 | 24.52 | 24.59 | 24.88 | 26.70
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Fig.6 Distribution of the difference between evaluations
and back-up values from the depth 2.
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Table 5 Variances and standard deviations of depth 2.
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Table 6 Evaluation by depth 2 (one ply).
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Table 8 Comparison by generated instances for the
Monte Carlo method.

S 50 51 52 53 54
KO Mx 1086 1095 1148 1292 1196 m 10 30 50 100 150 200
Kx MO 786 715 742 795 746 KO M x 1340 | 1239 | 1217 | 1196 | 1161 | 1153
oooo1 3.00 3.80 4.06 4.97 4.50 Kx MO 1194 930 815 746 703 703
oooo 2 58.0 60.1 60.7 61.9 61.6 oooo1 1.46 3.09 4.02 4.50 4.58 4.50
oooo 0.266 | 0.432 | 0.500 | 0.735* 0.626 oooo 2 52.9 57.1 59.9 61.6 62.3 62.1
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Table 7 Evaluation by the result of the game (one ply).

S 50 51 52 53 54

KO M x 1139 1212 1203 1219 1151
Kx MO 988 829 819 735 815
gooo 1 1.51 3.83 3.84 4.84 3.36
oooo 2 53.5 59.4 59.5 62.4 58.5
oooo 0.294 | 0.659 | 0.624 | 0.737* 0.443
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Fig.7 Comparison by generated instances for the Monte
Carlo method.
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09 200000000000
Table 9 Evaluation by depth 2 (multiple ply).

T 2 3 5 7

KO M x 2128 3150 4445 4937
Kx MO 1514 2153 3255 3934
oooo1 6.14 9.97 11.90 10.03
oooo2 58.4 59.4 57.7 55.7
oooo 0.993* 1.729%* | 2.717** | 3.309**
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«+ 00000 1%0 ¢-00000
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Table 10 Evaluation by the result of the game (multiple

ply).
T 2 3 5 7
KO Mx 2197 3137 4462 4897
Kx MO 1599 2226 3349 3976
0ooo 1 5.98 9.11 11.13 9.21
oooo 2 57.9 58.5 57.1 55.2
0000 | 1.198%* | 1.862%* | 2.658%* | 2.719%*
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