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Application of df-pn Algorithm to a Program
to Solve Tsume-shogi Problems

AyuMU NAGAIt and HIROSHI IMATt

During this decade, a study of programs to solve Tsume-Shogi problems has greatly ad-
vanced. This is due to the development of the concept of a proof number and a disproof
number. Allis’ pn-search is the most naive best-first algorithm that uses both proof numbers
and disproof numbers on equal terms. We already developed a df-pn algorithm which is a
depth-first algorithm that behaves the same as pn-search. In this paper, we applied df-pn
algorithm to a program solving Tsume-Shogi problems. Moreover, we propose some tech-
niques which we imported during implementing the program. As a result, by these techniques
implemented on df-pn, our program solved all the Tsume-Shogi problems, for the first time,
that require over 300 plies to reach to the checkmate.
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Table 1 Relation of the four algorithms.
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Table 2 The list of 12 Tsume-shogi problems which take

over 300 plies to checkmate and which “Seo-
Tsume” could not solve.
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01 GHIOO
Fig.1 GHI problem.
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Fig.2 Double counting proof number caused by a DAG.
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03 DAGOUOD
Fig.3 Detecting a DAG.
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lems.
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Fig.5 The comparison between Seo-San Ver.2.3A and our
program of the result of “Zuko”.
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Fig.6 The comparison between Seo-San Ver.2.3A and our
program of the result of “Muso”.
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2 procedure Df-pn(r) {
3 P(r) =00—1; 6(r) =00 —1;
4 MID(r);
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6 B(r) = o0;  d(r) = oo;
7 MID(r);
s}
9
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11 procedure MID(n) {
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// 1.0000000
LookUpHash(n, ¢, d);
it (6(n) < 6 || 6(n) < 8) {
d(n) = ¢;  8(n) =6;
return;
}
// 2.000000
if (n000D00){
if (n0 ANDOOO && Eval(n)=true) ||
(n0 OROOO && Eval(n)=false)) {
b(n) = 07 8(n) = 0;
telse {¢(n) = 0; &(n) =o0; }
PutInHash(n, ¢(n), 6(n));
return;
}
GenerateLegalMoves();
// 3. 0000000000000
PutInHash(n, ¢(n), é(n));
// 4000000
while (1) {
// ¢0 600000000000 0O0OODO
it (¢(n) < AMin(n) || 5(n) < ®Sum(n)) {
¢(n)= AMin(n); d(n)= ®Sum(n);
PutInHash(n, ¢(n), 6(n));
return;

}
ne = SelectChild(n, ¢c, d¢, 62);
if (¢ =00 —1) ¢p(nec) = oo;
else if (6(n) > oo —1) ¢p(ne) = 0o — 1;
else ¢(nc) = §(n) + ¢ — PSum(n);
if (0c = 00 — 1) §(ne) = oo
else §(n.) = min(¢p(n), d2+1);
MID(nc);
}
}
// 0000000
procedure SelectChild(n, &p¢, &, &d2) {
dc = 00; J2 = o0;
for (00000 nepyq 00O00) {
LookUpHash(nchild, ¢, 0);
if (6 <dc){
Nbest = Mchild;
02 =6c; P =¢; Oc =06
telse if (6 < d2) b2 = 6
if (¢ = 00) return nyest;
}
return npegt;
}
// 0000000 (D0ODOO0O0O0oooon)
procedure LookUpHash(n, &¢, &) {
if (n0000D0){
¢ = Table[n].¢; § = Table[n].d;
telse {p =1; 6=1; }
}
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// 0000000
procedure PutInHash(n, ¢, §) {
Table[n].¢ = ¢;  Table[n].d = §;
}
// nO000000 000000
procedure AMin(n) {
min = oo;
for (DDDDD nchildDDDD) {
LookUpHash(n¢hiia, ¢, 0);
min = min(min, §);
}

return min;

// nO000000 ¢0000O0O
procedure ®Sum(n) {
sum = 0;
for (00000 nepia 0000) {
LookUpHash(nchiid, ¢, 0);
sum = sum + ¢;

}

return sum;

}
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