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A New Algorithm for Solving the Cooperative
Tsume-Shogi Based on Iterative-deepening Search

Yosuio HosHi,t KOHETI NOSHITAT and KEIJT YANATt

The cooperative Tsume-shogi, or Shogi-helpmate, is one of the most popular variants of
Tsume-shogi. Solving a Shogi-helpmate problem can be formulated as an OR-tree searching.
We present a new algorithm for solving Shogi-helpmate. The basic framework of our algo-
rithm consists of depth-first searching, iterative-deepening and a transposition table. Several
new techiniques for handling information in the transposition table are introduced, by which
we achieve considerable memory-savings as well as speed-ups. Our program has solved the
longest-step problem named Jugemu 3 with 49909 steps, as well as several hard problems, all
of which have been intractable by other previous programs. By experiments we show that our
techniques are effective particularly for hard problems which need a large transposition table.
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Fig.1 Sample problem (5 solution-steps) by Akira
Yanagida.
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Fig.2 Example of decided positions.
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Fig.3 Protected and unprotected positions.
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Table 1 Programs used in the experiments.
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Table 2 Comparison of the solving power.

oo oo fm T3(OR) A 0oooo (s)
30 67 x x o 426
31 739 x X o 351
67 357 x * x o 662
72 135 o x o 135
79 ud x X o 86
88 35 X o o 69
91 1325 X x X -
92 2157 x * x o 1168
93 5349 x x X -
94 19447 x * x o 10152
95 5119 x x x -

000000 199400000000000000 (1999)0

OOO0OO0OEODFOGO 3000000000000O0
gooobooooobOoobooboooboobooooon
goboooooooooboooobooooooboooo
O0ooO0EOOOODFSOOOCOFO DFIDOO
00000 delta(> 1) 0000000000000
00000000 delte 0 1000000000
gooooossbooooooooooooood
goobooboooocoooooboobooooooooo
gooboooOoooooooocobooooooooo
gooobobooooooooooooooooobooon
obobooboobooooooooooooooo

gooooooocoooboooboooooboobooooo

goooooooooobooobooooooboooonoo
00000000000000GO IDA*DOOO0OO
gooooboooooboooooooooboboo
gobooooobooooooooboooooooon
gooogoo

4.1 00O00O0ODOO
gobooooobooboooooooobooooon
4.1.1 OO0OO0OO0OOOO0OO0OO
oobobooooooobooooooesbooooon
0000011994 00000000 mOOO00O0OO

T3(OR)DO000000O0DOOOOODOOODOO

fmO T3(OR)0D0ODO0DO0O0OO0O0O&OODOOO
0o00000mO0000000000O0O000O0
3000000000000%019940000000
gobooooboooooooooboooooboi11oo
oooooboobo2000000000000000
000 A0D0OD0OO0OO0O0oDOO0OO0OO0OOxO0OO
ooooboooooo

00000 AD0O0O9%0O000 9200000000
gooooooobooo10ob0obo0o0obobo

goooooobobobooooooboooobbooooo 4

Jan. 2002

03 0OOooOooo
Table 3 Problems with long solution-steps.
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Fig.4 Jugemu 3 (49909 solution-steps) by Toru Kato.
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Table 4 Computation time of Jugemu problems.
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Table 5 Comparion of the algorithms (problem 14).
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Table 6 Comparison of the algorithms (problem 30).
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Table 7 Effect of ProtectGC.
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