37 8 Vol.37 No.8
2016 8 Journal of Northeastern University Natural Science Aug. 2016

doi 10.3969/j. issn. 1005 —-3026.2016. 08. 002

1. 110819 2. 110044
PN’ . PN’ PN PN-DFPN
PN PN PN’ PN
PN’ . PN*  PN-DFPN 7x7  9x9
PN-DFPN PN°.
PN
TP 301.5 A 1005 - 3026 2016 08 — 1070 —06

Application of Proof-Number Search to Computer Lazi Games

GAO Qiang'®> XU Xin-he'

1. School of Information Science & Engineering Northeastern University Shenyang 110819 China 2. Key
Laboratory of Manufacturing Industrial Integrated Automation Shenyang University Shenyang 110044 China.
Corresponding author GAO Qiang E-mail tommy_06@ 163. com

Abstract The principles of proof-number based on the AND/OR tree are expounded the
application of proof-number search to computer Lazi games is summarized and the flaws of proof-
number and PN” search are discussed. Moreover a new two-level algorithm i.e. PN-DFPN
search is introduced which performs at the first-level a standard proof-number search and at the
second-level a depth-first PN search that replaces the second-level of PN*. This algorithm covers
the shortage of PN” search. PN” and PN-DFPN are applied to solve some openings of Connect 6
on 7 x7 and 9 x9 boards. The experimental result shows that PN-DFPN is more efficient than
PN’.
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Table 3 Comparison of the algorithms on the number
of games and the time consumed
5 /ms
PN’ 178 9 683
7 x7 9 %9 PN-DFPN 199 10972
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Table 1 Comparison of the algorithms on 7 x7 board
s 1000 2000 3000 4000 5000 PN-
DFPN
PN’ 11378 21923
PN-DFPN 9793 19 590 6
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Table 2 Comparison of the algorithms on 9 x9 board PN
/ms
PN’ 22790 112 842
PN-DFPN 11 325 53 554 1 Allis V. Searching for solutions in games and artificial
intelligence D . Maastricht University of Limburg 1994.
5000 2 Nagai A. Df-pn algorithm for searching AND/OR trees and
7 %7 its applications D . Tokyo University of Tokyo 2002.
X 3 Breuker D M. Memory versus search in games D .
7 380 Maastricht Maastricht University 1998.
3 PN-DFPN 4 Winands M Uiterwijk J van den Herik H J. An effective
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