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Learning of Search Parameters
using Cross-Entropy Method in Computer Shogi

TORU MATSUBARA"T KANAKO KOMIYA'T
YOSHIYUKI KOTANI'

It is considered that the accuracy of a evaluation function and efficient game-tree search
are necessary to make a strong program of shogi and chess. Compared with the
parameters of a complicated evaluation function, which have succeeded in machine
learning, the searching parameters, such as the depth of quiescence search and a margin
of Futility Pruning, are decided manually in many cases, and are not the optimal values.
In this paper, we propose to apply the Cross-Entropy Method for learning these
parameters. From the result of the experiment, some parameters converged as the value
that seems to be good.Moreover, the learned parameters-based greatly won to the manual
parameters-based.
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Qs [0.0;10.0] 5.0 2.5 5.0
log F, [1.00;3.00] 2.30 0.50 2.30
log F, [1.30:3.30] 2.60 0.50 2.60
log F; [1.48;3.48] 2.78 0.50 2.78
log A, [1.30;3.30] 2.30 0.50 2.30
BVS [0.0;1.0] 0.7 1.0
NS [0.0;1.0] 0.7 1.0
0, [0.0;16.0] 8.0 4.0 16.0
0, [0.0;16.0] 8.0 4.0 8.0
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# 2 NyFHhA X 10 OFEEFER #£ 4 NyFHFA X 50 OFEFER
- E EH 0 1 2 3 4 o 0 1 2 3 4
Qg 5.0 2.1 2.0 1.9 1.8 Q4 5.0 2.0 1.8 1.5 1.2
log Fy 2.30 2,110 2,20 2,16 2,13 log Fy 2.30 2.23 2.39 2.59 2.60
log F, 2.60 2.80 2.8€ 2.7 2.77 log F, 2.60 2.78 2.99 3.08 3.09
log Fy 2.7 290 2,913 2,98 2,99 log Fy 2,78 2.94 2.98 3.10 3.24
log A, 2.30 2.54 2.63 2.7€ 3.18 log A, 2.30 248 2.84 2.9¢ 3.08
PVS 0.7 0.4 0.4 0.3 0.3 PVS 0.7 0.5 0.5 0.5 0.7
NS 0.7 0.3 0.3 0.0 0.0 NS 0.7 0.2 0.0 0.0 0.0
0, 8.0 8.0 5.5 4.9 5.7 0, 8.0 7.1 7.8 8.9 9.3
0, 8.0 B.4 7.2 8.1 8.2 0, 8.0 7.4 8.1 8.4 8.9
0, B.0 5.4 7.8 4.7 3.3 O 8.0 9.7 11.1 11.5 12.1
0, 8.0 9.1 10.7 10.€ 10.1 0, 8.0 7.6 8.2 8.9 9.6
O B.0 10.2 0.6 7.6 8.6 05 8.0 .6 7.9 9.6 9.8
I TN D ERREE[%] 40.5 5.4 68.7 7E.E P TN D B[ %] 42.8 64.5 75.E 54.4
T J— N O BEER %] B8.0 98.5 100.0 100.0 = U —  OEBBER[%] B4.E 94.E 97.1 99.¢
# 3 NyFHhA X 20 OFEEFER
E EH 0 1 2 3 4
Qg 5.0 2.2 1.9 2.0 1.7
log Fy 2.30 2.10 2,27 2,33 2.3¢
log Fy 2.60 2.84 2,99 2,97 2.98
log Fs 2.7 2.94 2.6 2.60 2.81
log &, 2.30 2.4€ 2.73 2.87 2.77
PVS 0.7 0.5 0.4 0.5 0.5
NS 0.7 0.3 0.0 0.0 0.0
0, .0 7.6 7.4 8.9 7.4
0, 8.0 6.4 6.7 7.1 7.5
0, 8.0 7.3 7.5 7.4 9.2
0, 8.0 2.1 7.8 .2 10.5
(e 8.0 9.4 10.0 10.9 9.6
I TN D ERER[%] 43.4 61.3 73.0 75.9
T Y — b DERB IR %] §7.1 595.0 87.0 98.3
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ARIDOFEBRTHWIZ AT TH D FRE/NT A —% O HIMMEL (3§ EZRER DR S
Qa5 THoD, ERTHIEERZEN 10D 3 010 L TRESATEL TV
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