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A Mixed Strategy of Minimax Strategy and Opponent-Model
Search: a case study using a semi-random play and its spec-
ulative play on tictactoe

Yoichiro Kajihara and Hiroyuki lida

Department of Computer Science, Shizuoka University

ABSTRACT

This paper explores the control of strategies for game playing: the minimax strategy and
the opponent-model search or more generally a speculative strategy. It first describes a
search strategy for game playing called semi-random self-play that is a search strategy
using random decisions and a look-ahead search for end goals only, by which a model of
players with different strength may be obtained. Some experiments of semi-random self-
play are performed using the simple two-person perfect-information game TICTAGTOE. In
the experiments a computer program plays against itself many games using semi-random
self-play with various search depths. We then explore the use of speculative play against
semi-random self-play. This search strategy is a variant of opponent-model search, and is
applied against a player using semi-random self-play. We implemented such a speculative
play in a simple TICTACTOE program. Experiments performed confirm the effectiveness
of the proposed speculative strategy. Moreover, we consider which situation to apply the
specualtive strategy if one player is allowed to use such speculative strategy on some limited
times in a game.
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# 1: TICTACTOE ¥ VeI V¥ A7 LA DR (Pi & Pj OxR).

WAB PO P1 P2 P3 P4 P5 p6
59.06 | 39.88 8.77 9.00 4.64 4.33 0

PO 12.74 8.15 | 22.20 | 19.98 | 21.15 | 20.32 | 22.63
28.20 | 51.97 | 69.03 | 71.02 | 74.21 | 75.35 | 77.37

81.59 | 67.81 | 13.84 | 14.36 7.58 7.13 0

P1 6.18 4.45 | 20.37 | 17.86 | 19.98 | 19.32 | 22.63
12.23 | 27.74 | 65.79 | 67.78 | 72.44 | 73.55 | 77.37

89.28 | 88.68 | 31.45 | 31.13 | 18.40 | 16.73 0

P2 9.07 8.78 | 51.26 | 44.82 | 53.60 | 55.97 | 83.60
1.65 2.54 | 17.29 | 24.05 | 23.00 | 27.30 | 16.40

93.93 | 93.55 | 52.61 | 52.52 | 30.80 | 29.78 0

P3 4.95 4.79 | 34.59 | 30.45 | 49.19 | 46.60 | 83.60
1.12 1.66 | 12.80 | 17.03 | 20.01 | 23.62 | 16.40

93.97 | 93.56 | 52.67 | 52.24 | 30.43 | 29.68 0

P4 5.09 5.09 | 37.32 | 34.37 | 54.49 | 50.80 | 88.67
0.94 | '1.35 | 10.01 | 13.39 | 15.08 | 19.52 | 11.33

96.51 | 96.47 | 76.62 | 76.53 | 67.74 | 67.67 0

P5 3.09 2.98 | 20.62 | 20.30 | 28.56 | 26.61 | B88.67
0.40 0.55 2.76 3.17 3.70 5.72 | 11.33

96.60 | 96.60 | 77.62 | 77.62 | 67.80 | 67.80 0

pPeé 3.40 3.40 | 22.38 | 22.38 | 32.20 | 32.20 100
0 0 0 0 0 0 0
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K2 LIFTVILATVA LBAFRAORSBIEOMEE (5F%E).

WAB | Type PO P1 P2 P3 P4 P5 Average
000 89.28 89.28
100 90.85 90.85
010 89.43 89.43
P2 001 88.55 88.55
110 90.00 90.00
101 89.83 89.83
011 88.46 88.46
111 91.27 91.27
000 93.68 | 93.93 93.81
100 94.61 | 94.66 94.64
010 97.08 | 93.30 95.19
P3 001 93.88 | 93.69 93.79
110 98.85 | 92.60 95.73
101 95.49 | 94.78 95.14
011 97.57 | 93.60 95.59
111 99.18 | 93.42 96.30
000 93.96 | 93.53 | 52.30 79.93
100 95.04 | 95.25 | 59.80 83.36
010 97.40 | 93.80 | 56.04 82.41
P4 001 94.18 | 93.48 | 53.01 80.22
110 98.72 | 93.29 | 39.82 77.28
101 95.71 | 94.77 | 59.26 83.25
011 97.57 | 93.88 | 55.56 82.34
111 98.87 | 93.19 | 38.83 76.96
000 96.97 | 96.38 | 76.52 | 76.91 86.70
100 98.80 | 98.77 | 89.16 | 89.27 94.00
010 98.62 | 96.34 | 87.78 | T76.67 89.85
Ps5 001 96.99 | 94.68 | 76.68 | 76.08 86.11
110 98.71 | 98.04 | 92.91 | 87.41 94.27
101 08.91 | 98.52 | 89.54 | 89.93 94.23
011 98.85 | 92.22 | 88.02 | 77.36 89.11
111 98.94 | 96.97 | 92.69 | 87.42 94.01
000 96.83 | 96.82 | 76.62 | T7.74 | 68.47 . 83.30
100 98.93 | 96.99 | 89.80 | 89.46 | 87.40 92.92
010 98.63 | 96.57 | 87.16 | 77.34 | 67.72 85.48
pPé 001 97.57 | 94.95 | 77.95 [ 77.29 | 68.13 83.18
110 98.86 | 98.23 | 92.87 | 87.49 | 87.45 92.88
101 99.00 | 98.32 | 89.23 | 89.48 | 87.48 92.70
011 98.81 | 92.49 | 88.24 | 76.86 | 68.01 84.88
111 98.93 | 96.76 | 92.37 | 87.74 | 87.73 92.71
000 96.67 | 96.90 | 77.96 | 77.34 | 68.66 | 68.00 80.92
100 98.85 | 98.91 | 89.94 | 89.41 | 87.37 | 87.40 91.98
010 98.57 | 96.32 | 86.35 | 79.48 | 73.21 | 66.95 83.48
P7 001 97.50 | 94.84 | 77.87 | 77.11 | 69.06 | 68.78 80.86
110 99.59 | 98.14 | 93.04 | 87.27 | 87.34 | 87.56 92.16
101 98.99 | 98.46 | 89.63 | 89.13 | 87.33 | 87.72 91.88
011 98.81 | 92.52 | 89.15 | 79.70 | 72.17 | 67.57 83.32
111 99.51 | 96.74 | 92.59 | 87.32 | §7.49 | 87.29 91.81
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#£3 £IFUFAT VA LBRFREORGEEOER (R FH).

B\W | Type PO P1 P2 P3 P4 P5 Average
000 69.03 69.03
100 70.14 70.14
010 68.12 68.12
P2 001 67.93 67.93
110 70.35 70.35
101 69.94 69.94
011 69.32 69.32
111 70.42 70.42
0oo 70.76 | 68.07 69.42
100 72.81 | 69.31 71.06
010 79.76 | 67.03 73.40
P3 001 78.24 | 67.87 73.06
110 83.81 | 68.60 76.21
101 78.75 | 69.24 74.00
011 83.22 | 67.73 75.48
111 86.62 | 69.95 78.29
000 73.67 | 73.03 | 23.73 56.81
100 75.98 | 73.58 | 24.80 58.12
010 78.76 | 72.22 | 23.99 58.32
P4 001 80.89 | 73.18 | 23.58 59.22
110 83.54 | 79.02 | 22.73 61.76
101 81.01 | 76.24 | 25.58 60.94
011 83.51 | 72.91 | 23.45 59.96
111 87.13 | 80.66 | 22.58 63.46
000 75.88 | 73.28 | 26.89 | 22.95 49.75
100 76.80 | 75.37 | 32.95 | 30.38 53.88
010 80.91 | 64.23 | 34.41 | 23.73 50.82
P5 001 81.66 | 73.86 | 26.23 | 23.09 51.21
110 83.79 | 70.26 | 39.73 | 30.03 55.95
101 82.55 | 77.49 | 33.23 | 30.79 56.02
011 85.06 | 65.09 | 34.39 | 23.31 51.96
111 86.74 | 72.05 | 40.28 | 30.29 57.34
000 77.69 | 77.63 | 16.79 | 16.48 | 10.73 39.86
100 76.30 | 76.18 | 19.88 | 20.09 | 14.43 41.38
010 84.16 | 72.31 | 23.42 | 16.49 | 11.17 41.51
P6 001 82.99 | 78.65 | 16.05 | 16.58 | 10.84 41.02
110 84.25 | 71.78 | 27.55 | 19.73 | 13.67 43.40
101 81.43 | 75.83 | 20.29 | 19.83 | 14.51 42.38
011 86.62 | 72.87 | 23.17 | 16.57 | 11.44 42.13
111 86.30 | 73.49 | 27.54 | 19.50 | 13.97 44.16
000 78.22 | 78.56 | 15.85 | 16.68 | 11.07 | 11.11 35.25
100 81.13 | 80.02 | 42.53 | 38.77 | 38.39 | 13.72 49.09
010 83.62 | 71.41 | 22.66 | 16.44 | 11.23 | 11.08 36.07
P7 001 83.57 | 78.25 | 16.08 | 16.80 | 11.07 | 11.33 36.27
110 86.88 | 77.53 | 44.97 | 39.30 | 37.99 | 14.20 50.15
101 84.25 | 79.78 | 41.05 | 39.60 | 38.29 | 14.35 49.55
011 86.68 | 72.72 | 23.88 | 16.64 | 11.15 | 10.71 36.96
111 8§9.33 | T1.33 | 45.57 | 40.24 | 38.36 | 14.02 50.81
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