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Enhancement of Df-pn with Fixed-depth Search
at Frontier Nodes

ToMOYUKI KANEKO,! TETSURO TANAKA, 2
KAZUNORI YAMAGUCHIT! and SATORU Kawarf?

This paper presents an enhancement on df-pn for AND/OR tree search, by
utilization of fixed-depth look ahead. In this enhancement, a shallow fixed-
depth search is performed to find out a short proof at each new frontier node
visited in the df-pn search. This combination utilizes both the efficiency of df-
pn regarding to the number of nodes needed to find a proof and the efficiency
of fixed-depth searches in execution time for node expansion. Moreover, even
when checkmate is not found, the result of fixed-depth search yields a good
estimation of future proof and disproof numbers at the node. Our experiments
on checkmate search in shogi showed that the presented combination solved
problems with about % in execution time and about % in memory usage, com-
pared to the df-pn. Also for large problems, it achieved efficiency of about %
in execution time and about % in memory usage, compared to df-pnT with
state-of-the-art techniques.
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Table 1 Proof numbers and disproof numbers.
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Fig.1 Example of pieces needed for checkmate by a drop move.
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Table 2 Average time needed for each node in fixed-depth search.
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Table 3 Average proof and disproof numbers returned by fixed-depth search.
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Table 4 Performance with checkmate problems in real game positions.
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Table 5 Cost for sacrifice moves in attack.
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Table 6 Performance with problems in Shogi-Zuko and Shogi-Muso.
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Fig.3 Comparison of effeciency of df-pnTand df-pnT /d2+ (Left: seconds, Right: table size).

00000000000000000000000000000000000000000
00000000?0dfpn0000000000000D0000O00O0000000000
df-pnt O df-pn*/al0ddf-pn™/a30df-pnt/d2 00 0000000000000 df-
pnt/a3 0 df-pn™ 0 506 00000000000000000000 dfpnt/d20 2
000000000000000000000000000Odfpn™ O df-pn™/all df-
pnt/d20 3000000000000000 df-pnt 00 df-pnt/al O 0df-pnt/al O
O df-pnt/d2000000000000000000000D0000O0O0O000OOO0
00000dfpnt/2a30000000000000003000000000000000
ooooooo

0000dfpnT/d20 df-pnt/a3000000000000000000000000
00000030000000000000000000000000000000000
0000000000000000000000 «>7000 <3000 y<3000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000 O0dfpnt/d20000000000000000000 3000
00000000000000000df-pnt/d2+ 000000df-pn*/d2+ O df-pnt/d2
0000000000000000000000000 df-pnt/a30000000000
00000000000 300df-pnt/d2+0 df-pnt 00000000000 O0OCOOO
0000D00000000000000000000000000000000 y=20
000000000000000000000000000000000000

000oooooog Vol 51 No. 11 2040-2047 (Nov. 2010)

6. O 0O0OG0O

000000000000 AND/ORUOOOOOOOOOOOOODOOOOOOOOO
0000000000000 df-pn0 1000 3000000000000000000
O00oo0Odf-pn 000000000 0OOO00COOO00OO000O0DO0O0OO0O0O0O0O0O0
gooobooboooooooboooooooobooboooooobooboOoOoooboOoboOoOoOoon
oooooooooooooobooooooooboOoOoOoooboOoCcbOObCOoOobobooDobo
000000000000 dfpnt 000000000000000000000000O0
gbooobooooboooocoboooobooboooobooOobooboboOobOOooboOoDo
ocoooooooooOoOOOODODOOOOO0OO0O0O0O0O0O0000000000000R’™
gboboobooboooooooobooboooo0ooooboobOOo 200000000DO
oobooooobooooooooboooooobooooooooooobooOoooooon

ooooooooooooOOO0dFpn0 0000000000000 O0O0O0O0DODODODOD
0000000000 df-pn00 %DDDDDDDDDDDDDDD éDDDDDDDD
gooooooooooOoOoDOoOOODODOOO d-pn+000000000000000
gooooooboooooooooooooooboooobobooboooboboobooDooboo
oobo0obOO0o00O0 2000000000 3000000000000 0O0DODOODO
%[I[I[I[I[I[I[I[I[IDDDDDDDDDDDDDDDDDDDDDDDDDDDD

o0 oOooboboooboooooobobooobooooodg

g o 0 0

1) Allis, L.V., van der Meulen, M. and van den Herik, H.J.: Proof-number search,
Artificial Intelligence, Vol.66, pp.91-124 (1994).

2) Kawano, Y.: Using similar positions to search game trees, Games of No Chance,
Nowakowski, R.J. (Ed.), MSRI Publications, Vol.29, pp.193-202, Cambridge Uni-
versity Press (1996).

3) Kishimoto, A.: Correct and Efficient Search Algorithms in the Presence of Repe-
titions, Ph.D. Thesis, University of Alberta (2005).

4) Kishimoto, A.: Dealing with Infinite Loops, Underestimation, and Overestimation
of Depth-First Proof-Number Search, AAAI pp.108-113 (2010).

5) Nagai, A.: A new AND/OR Tree Search Algorithm Using Proof Number and Dispr
oof Number, Complex Games Lab Workshop (1998).

6) Nagai, A. and Imai, H.: Application of df-pn™ to Othello Endgames, Game Pro-

(© 2010 Information Processing Society of Japan



2047 0DO0OOOOOOOODOOOO df-pnO00O

gramming Workshop in Japan ’99, pp.16-23 (1999).

7) Seo, M., Iida, H. and Uiterwijk, J.W.: The PN*-search algorithm: Application to
tsume-shogi, Artificial Intelligence, Vol.129, No.1-2, pp.253-277 (2001).

8) 0000000 DUD0DOLDUODODOO0OD200000000000000DDODO
0000000 Vol.17, pp.36-37 (2005).

9) 00 0OUO0O0OOO0O0 240000000000 (2002).

10) OO0 O0O0OyYyss-OOoUOOOOOOOOoOOoOOUOODOOOOOUOUOODUOOO
00 2000 000 chapter 6, pp.112-142, 000 O (1998).

11) D00O00O0000000O00O00O T2000000000000000 ODOOO™
00 0O 0O chapter 3, pp.50-70 (1996).

12) 000000000000 0U0OOU0ODOUODOLUODOLOODOODODOOODOODOO
000000000000 000 990 pp.129-136 (1999).

13) 000000 0000 0O0O0o0O00DO0o0OO0oO0OO0Oo0OoOoOooOOooOo
0000009000000 000D00O000D0ODO0pp.9-13 (2004).

14) 0000000000000 O0OUO0DDOOO0DO0D pnOUOOOUOOODOOOOO
00000000000 950 pp.138-147 (1995).

15) 00 0O0OSvMOOOO0OOO0OOO0O0O0O0O0O0o0O00o0oO0ooOOooOooOoooooo
O0000o0oooooooo (2005).

16) JUO0OO0O0O0O0OUOO0O0O0UOO0O0Os. D00oOoULoOoUoOooOoUUooo
GPSOUO0OOOOOOVol.50, No.9, pp.878-886 (2009).

17) 000000000000 00000 000000000 dpn+00000000
Jbo00o0ooobO0obOobooooDooDOoboO 90oOoUoOODbDObOobOOUOODODOOog
00 pp.14-21 (2004).

18) 0O U000 UOOoOdfpn000000O0O0O0OU0OO0OOOOOOUOOOOUDOOOO
00000000 Vol43, No.6, pp.1769-1777 (2002).

(0022010 25000)
(0022090 17000)

000oooooog Vol 51 No. 11 2040-2047 (Nov. 2010)

oo O0oooooo

197 00000000000 020200000000000000
oboooooooobobooom200200000000O0C0O0O00O0OO
20700000000oo0oooooooooooon

o oooogoo

1965 0000019870 00000000000000D1992000
goboooooooobootoooooomoobooobooOooobooboOoooo
goboooooooooobobooooooooooobooooooooboo
O000o0oooOoOoooooooACMOOOO

o0 Oooooooo

1978 0 0000000000000 1981000000000001985
oobobooggnooooooooooooooo2000ooon
ooooboooyyooooooooooooooooboz2e0700OO0O00O0O
0oo0o00o0oo0O00oo000boo0o0oooACMOOO

g gooood

967000 OOO0OODOOOOOOO1980OOO0O0O0OOOO0O0OO0
oooob0v4 0000000000000 0O000O00O0019880000
ooooooobe0000000000ooooobo20700000
gobooobooooooboooooboooooobOoobooooooo
O0000oo000ooo0o0ooooooooooDACMOOOO

(© 2010 Information Processing Society of Japan



