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Summary

Brinkmate (hisshi in Japanese) is an important notion of accessing to the opponent’s King in shogi.

This is essentially the same as conventional chess mating problems, where all moves are considered. However,
in shogi the problem is much more difficult, as the possibilities for delivering check or threatmate, and the
number of defenses are much greater. The defending side may have 200 or 300 possible defensive moves to
consider. Brinkmate search is resolved into an AND/OR-tree search based on the concept of threat sequence,
proposed by Iida. The cost of brinkmate search is by far more expensive than mating (tsumeshogi) to find
a solution.

Since not much is known about brinkmate itself or brinkmate search, we first explain it by giving the
definition of brinkmate. In an AND/OR tree of brinkmate search, to determine effective branches (i.e., legal
moves) at any internal node is often a time-consuming task. This paper proposes a new search algorithm,
denoted by SPH, for an AND/OR-tree search. The algorithm is implemented in a shogi-hisshi (Japanese-
chess brinkmate-problem) program, and evaluated by testing it on difficult hisshi problems. Moreover,
it is enhanced by several methods including a new idea, denoted by TDSS. The experimental results are
compared with those of other programs. The program with TDSS shows the best results for solving short-
step problems, while the SPH program in general outperforms the other programs in solving long-step

problems.
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int search(){
for (D000 =1;0000 +=2){
int r = attack(0);
if(r=00 000 000 ) return r;
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int attack( depth ) {
goooooooooobo
if (000 =00 000 O00) return 000
if (000000000 )
gooooooo
if (0000 =00return 000;
ooooooooooooooo
if (00 )r=000000000000
if(r=00 ) return 00;
for (00DDDOOO ){
if (0000 =00000000000)
continue;
gooooooooo
r = defence( depth + 1 );
ooooo
if (r=00 )return 00;
elseif (r=00)
oo0oooooooo
}

}
else{ /00000000 */
for (0DOO0OODODOODOODOOO ){
gooooooooo
r = defence( depth + 1 );
goooo
if (r=00 )return 00;
elseif (r=000)
goooooooooDo
}
}
if(r=00 000000000000
return 0O 0O
else return 0 0 O ;

int defence( depth ) {

oooooooooooo

if (000 =00 000 000) return OO0

intr=00;

if (00000000 )
goooooooooboooon
r = attack( depth + 1 );
ooooo
if(r=00 ) return 00;
elseif (r=000) return 000
/¥0000000000000O0
goooooooooobo
O0oooooooooo *

}
else {

ooooooooo

if (0000 =0 Oreturn O0;
}

ooooooooooooooo
for (00D0O000DOO00DO )
if (0000 =00 ) continue;
oooooo
if (depth =00 ){
if (0000000 ) /42000000 -1%/
r = attack( depth - 1 );

elser=00;
}
else r = attack( depth + 1 );
ooooo

if (r!=00 ) break;
}

return r;
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87 | 9 9 190 | 330 59
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92 9 7 2.5 30| 0.3
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int search(){
for (00000 =2;000004+ ){
int r = attack(0);
if(r=00 000 000 ) return r;
}
}
int attack( depth ) 00O
int defence( depth ) {
goooooooo 3000
for (00D0O000DOOO0ODO )
if (0000 =00 ) continue;
goooooooo
if (00000 >00000
000 depth =000000 )
r=00;
else r = attack( depth + 1 );
goooo
if (r!=00 ) break;
}

return r;
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NoOl | OO | OO oo oo | 00 oo
0O0 |00 |0O0O0o| 000 | 0o | (oo
69 7 2 0.3 48 | 19.2 3.1
70 7 4 24.3 3896 | 0.1 0.72
71 7 2 13.9 2101 | 1.5 34.1
72 7 4 27.0 3890 | 0.1 2.5
73 7 4 6.8 1017 | 0.2 0.32
74 7 3 518 | 81920 | 1.2 43.9
75 7 3 5.1 821 | 1.2 11.3
76 7 3 49.7 7121 | 2.2 1407
7 7 2 26.7 3927 | 10.3 6.7
78 7 3 6.6 1114 | 1.6 0.63
79 7 3 264 | 35472 | 6.1 X
80 7 3 394 | 53945 | 0.9 X
81 7 3 2.7 385 | 0.2 0.17
82 7 2 22.7 3134 | 0.8 304
83 9 2 1.6 226 | 0.8 1.3
84 9 2 0.1 14 | 81.5 0.82
85 9 3 46.6 7749 | 0.7 8.6
86 9 2 12.4 1711 | 2.7 29.6
87 9 4 194 | 30056 | 8.4 236
88 9 3 57.5 8686 | 1.3 0.7
89 9 4 336 | 43397 | 04 667
90 9 2 1.9 333 | 154 0.42
91 9 2 34.6 4880 | 1.2 8.4
92 9 3 14.9 1698 | 0.2 0.45
93 9 X X X X 410
94 11 3 0.8 115 | 241 2
95 11 2 433 | 56622 | 0.5 9.9
96 11 X X X X 3.1
97 11 3 54.8 7074 | 3.5 2.9
98 11 2 7.1 881 | 16.3 2
99 15 2 0.2 21 | 194 7
100 15 3 542 | 73304 | 1.6 4.4
oo 17 2 225 | 29083 | 3.0
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