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A New Method of Dealing with GHI Problem for Proving Draw
and Application to 3x4 Boards of Shogi

KAZUTOMO SHIBAHARA," YASUHIRO TAJIMAt
and YOSHIYUKI KOTANIt

‘We obtained all the solutions of 3x4 Shogi by using a new proof number search method to
deal with GHI problem in terms of proving draw effectively. It is a stepping stone to solve
Shogi. There are few researches about solution of small Shogi compared with othello and Go.
It has difficulty to obtain solutions, especially draw, because search trees of Shogi have many
cycles. We propose the method that efficiently prove the draw by using PDS search which
has beneficial effects in tsume Shogi. As a result, it solved all initial positions of 3x4 Shogi.
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Fig.1 Example of 3x4 Shogi.
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Fig.2 Example of GHI problem.
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Fig.3 Example of GHI problem in Shogi position.
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Fig.4 Structure of search tree.
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gobooooobooooobOonbOOCOOOOOO
goooooooobOoo 20000000000 ad
bOOOO0OOOO0OO0OOOOOO0OOOODOOcOdOD
gobooooooooboooooooooooboooo
goooooooooboooo
ooooboooooboooooboboooboon
D. 00000000000 0000O00000DODbOO
goooooooooobooooooooooDbono
gooooooooooooboooooooonb De
gboooooooood
oo3 D, =¢0001000000 f0O000OO
Dy, =D.,uD . 0000000OOOIO 10000
gboooooboooooooooo
D, , ={zlx € D¢; V(C: N Dy, # p A
€S =C,C(Dg,UL)A
zr€G=C,C(Dg UW))}

oooobD =D., 0000D.=D., 0000

ef+1



3334 goooooooo Dec. 2006

gobooobooboooboboooboobobooo
goboooobooobooboobobobooooo
00o0o0d0bOoobDbOoobOooboDooooooo 1
good
004 OD0O0OODODOOOODOOODOO pe € De
gooooooobooo E,, OODOOOOOODDOO
EFECD 000000000 FOOOOOOOOO
D.0 FEO0D000DOO0ODOOODDO pe OODO
gooobooooo0oboo0oboooooono EOO
oo p.000oooo E, 0000
goboooboooboooboboboboboobooo
gobobooobobobobooboobooboooo
goobooooooooooono
004 O0OODOOODOODOOODOOODOOO
gooooo
Ipe. € D(E,, C D) = p. € D
0000o0ooO0ooobobooOobooboboooo
gbobooboobobobobooboboobooo
gboboboooboobooboobobbooooo
gooooobobobbbboooooouoboooobo
0d7000000000D000DODOOOOO 80
ddoooboooooooooooooooboo BO
000 codbobOobobobobooobooog
Jo0ob0oooboOobOOobOobooboobo 1oooooo
go0ooooobooobooobooboooboobooo
00o00Do000O00bOoobOoobOoboooooo
dooodoooooooDooooooooDooo AO
gbobooooboobooboobobobooo
0AO0O0OOO0ODODOOOOOOOO BOOODO C
0000000 Ad0O0OOoOD 3000000000
gobooloboboobooboboooi1ooooo
goboooobooobooboobobobooooo
1000000000000 000O0o0oooooo
gooboooobooooog
godoooooooooon
005 OJO0OO0oooObOoodDg=D.UD. 0O
oo0obooOoobooooo
Vpe € Do(Cp. NDg # ¢ A
ze€S=C, C(DqUL)A
r€G=Cp, C(DgUW))
<D, CD
godooo bD.,OoDOoO0oboOoooooooog
oooo 30 b.OOO0DOOODOD. O D, ODOO
oooDboOoo0oobooooooono

O %==8RE BFERE
() wxompE O KFLUSE
: s wiEEEY 1) BE
& 4400 BEIRH POV BE

08 OO00D0OOOOO0OOOOOO
Fig.8 Example of affected position by candidate of cycle
position.

D;=D.UD.={z|C.NDg#¢A
reS=C,C(DgUL)A
r€G=C,C(DgUW)}

oobobD, 00000000 0OOODODbDODO
gooboooooboobobboobbooboobooo
goooooooobooboooooboobooo
goooboboo™mooog
gbooooobooboobuoobooboooboo
goooboobob4000000D000O0DOODO
goobooboboooboobobooooobooobo
gooobooboobobobooboobooobogoo
gobobooooboobooooboooboobobogoo
goboobobooboboboboooo

5.1.3 ODO00OO0OO0OODOOOObOooDag
gbooboooooobooobooboobooobooo
go0ooddoooOo0obOoooobooogobDb. 0O
gooboooooobooboobooooboobobooo
gobooobooboobobobooboobooobo
goboooboooboooouobboooboobboog
gooooooooboobooooboboobogo
gobobooobboobooboboooboobobogon
goboobooboo s0b0o0oboobooon
goobooobooobooboooboboboobobooo
goobooobooboboobooboooboobobogoo
gooboooooobooboooooboobooo
goooboooboobooooboooboooboobogoo
goobooooooboobooboooboboobobogoo
gooooooooboobooooboobogo
goo



Vol. 47 No. 12

5.2 OOO0OO0OO0OOO0OOO

ooooooobob 3bobooboooooooooon
goooboooooooobooooooobooobooon
gooooboooooooboooooboooboonoooo
gooobooooooooooobooooooooo
ooo0o

5.2.1 O0O0OO0ODOOOOOO
gooooobooooooooooooooooon
goooooboooooooooocoooooooon
gooobooooooooobooobooooooooon
goooboooocooobooooooobooooo
gboooboooooboooooooobooooobo
oooootoooooooooooooooooooo
gooobooooobooooooobobooooDo
obl1o00000oo0o0oooooooooboooooo
gooobobooooooobooboooooooooo
goooobooooooooooooooooooo
goooboboooooooboobooooboooooon
gobooooobooooboboooooooooon
5.2.2 0 O0OO
goboooooooooooobooooooooo
goooooooooooooooboobooooooo
goooobooooooobooooobocoooooooo
gooooboooooooooooboooooooon
gobooobo 50000000 soo00ooo0aoan
goooobooooooooooboooooooooo
gooooooooooooooboobooooooo
gobooooobooooooooooooooooon
gooobooooooooooooboooooooon
gooooboooooboooooooboooooo
goooobooooooooooooooooooo
gobooog
gboogosi3ooooooobooooooon
gobooooooooooooooooboooooon s
goboooobooD, 0 LOOOOODOOOO0O0O0
goobooog p.000D0ODOOO0O0O0O0O0ODOOO
gooobooooooooooboboooboooooo
gooobooooooooooboooooooooon
gooobooobooooooooooooooooon
goooboboooooooooobooooooooo
goooobooooooooooooooooooo
goooboooooooooooocoooooooo
gooooboooooooooooooooonoooo
goooboooooooobooboobooonoooon
gooooboooooooobooobooboboobooboooooo
gol1oooooooobooooooobooooooo

0000000000 GHIDOOOOOO0O 3x4000000 3335

00000000000000000000000 5
000000000000000000000000
000000000000000000000000
00D0000000O0000000000000
5.2.3 0000000

000000000000 10000000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000 x0O
000000000000000000000000
00D000000000000 xO00000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 00000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooo

5.3 O O

0000 PDSOOOOOOOOOOODOOOOO
oooo'™oooo'®ooooooooooooon
00D00000000000000000 900 10
00000900 100000 O0pds_search 0 PDSO
0000000000002000000001000
000000000020000000000000
000000000000000000000000
00000 PDSOOOOOOOOOOOOOOOOO
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000o0000O0ooo0on



3336 goooooooo Dec. 2006

hikiwake_pds(){

}
return result;

}

result=hikiwake_pds_search(00 000
ooooooooog);

if(result 0000000 DOO)N{
gooooooooooooooooooo;
result2=hikiwake_pds_search (00000

oooooooooo);

if (result!=result2)result=0000 ;
else result=0000;

09 0O00O0OO0OO00OOoOOOoOoOoODoOOoOoOooD 1
Fig.9 Pseudo code of algorithm to prove draw - No.1.

}

break;
else {

continue;
}
}
else break;
¥
return result;

}

hikiwake_pds_search(0 000000000 XO0OOO){
while(1){ // pds_search O PDS 0O
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if(result2 0 X OO OO OOOOO )break;

if(00000000000000000000)

oooo0o0o0000O00000000000
oobo0o0o0ooOo0oo0oooon;

010 O00O00OO0DOO0ODOO0obOOobOobooooooo 2
Fig. 10 Pseudo code of algorithm to prove draw - No.2.
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Fig.11 Example of execution of the proposed method.
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Table 1 Detail of experiment about 3x4 Shogi.
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Table 2 Result of experiment about 3x4 Shogi.
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Table 3 Result of additional experiment about 3x4 Shogi.
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000 00 (s) 00 0000

30909738 4540.4 28 3262.2
21338655 6477.5 32 5118.2
16480505 5299.0 10 4957.2
18399717 3264.3 23 2644.7
10798276 10647.8 21 9538.4
2032084 1937.7 6 10.9
37263843 3989.0 30 3154.7
1006724 83.7 13 32.4
54117302 9775.5 28 6799.7
4329485 2966.9 14 2839.8
857221 79.8 9 78.9
18079496 4371.3 18 3037.3
86060953 9862.6 81 8828.4
49954877 13849.2 32 13816.3
25841883 5433.3 38 5431.0
72487 56 4 0.1
7197196 586.9 19  562.1
51683749 7571.3 44 6762.0
20194880 1661.4 12 1137.9
26434769 2014.5 78 1983.5
2795154 182.6 10 177.8
34416710 5986.5 29 5539.9
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19445292 3358.4 28 2702.2
27587759 6370.1 24 2427.3
556300 44.7 15 23.8
24422053 1921.5 55 .
16261065 12067.0 31 12000.0
6993226 4360.3 13 4297.2
156496834 15799.2 55 14374.7
20354974 991.7 4  462.4
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Table 4 Final result about 3x4 Shogi.
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