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Parallelization of Multi-Path Concurrent Search
for Iterative Deepening using Proof and Disproof Numbers

FuMiyo TAKANO," 1t YOSHITAKA MAEKAWA,
HIRONORI KASAHARA' and SEINOSUKE INARITAT

This paper proposes a parallel search algorithm named parallel multi-path concurrent
search(PMPS). The algorithm searches concurrently more search paths than AOHPAS. AOH-
PAS is the search algorithm that searches some paths of search from a high evaluation value
node and search from a low evaluation value node in parallel. However, AOHPAS searches
only paths as many as processors at the same time. Therefore, PMPS searches more paths
concurrently than the number of pathes that AOHPAS searches. By search of more paths
in concurrently, PMPS is able to find a solution node with low evaluation value quickly.
Consequently, PMPS uses less processor efficiently.
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Fig.1 AND/OR tree hierarchical pincers attack search
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Fig.2 Multi-Path Concurrent Search
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Fig.3 Parallelized Multi-Path Concurrent Search
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Table 1 Evaluation Envairoment

CPU PentiumIII 700MHz x 2
ooo 1GB
OSs Linux 2.4.26
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Table 2 Pseudo threads assignment using 3 pseudo
threads

oooo Processorl Processor2
3A L S1, S2
3B L, S1 S2
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Table 3 Pseudo threads assignment using 4 pseudo
threads
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Table 4 Efficient of speedup by pseudo thread
assignment using 3 pseudo threads

Speedup
3A 1.88
3B 1.20
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Table 5 Efficient of speedup by pseudo thread
assignment using 4 pseudo threads

Speedup
4A 1.82
4B 1.78
4C 0.93
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Fig.4 Speedup of AOHPAS and PMPS
on 2 to 4 (pseudo)threads
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06 3l00000000DOOOODO
Table 6 Speedups on 3 (pseudo) threads

Speedup
MPS 1.13
AOHPAS 1.54
PMPS(3A) 1.88

OO0AOHPASO 2000000 300000000
ooo0ooooOoOooooooOoOO0booOoOOoO0O00o
ooooooooooooopMPSOOOOOOOO
goooobooooooooooooooooooo
goboooboboobooooobooboooooloooo
ooo0oooooboooooooOoooooOoOooo
goooooooooooboooooooooooon
O0000D0OO000oooO PMPSO AOHPASO OO
oooooooooooooooPMPS O df-pn O
oooo 188000000000

6. 0000

ooooooooooobooooooooooao
gboboooooooobooboooooooboan
goooooooooooobooooooooooo
ooo0oooooboooooooooOoooOoOooo
gooooooooooobooooooooooon
000000000000000000 AND/ORO
goooooooooboooooooooooooon
oooooooooo

ooooooooooooooboboboooooooo
gooooooooooob0ooooooooooon
gdlgoooooool1oooooooooooo
O0OAND/OROO0O0O0OO00OOOOOOOOOOOO
oobooooooo

ooo0o0oO0oo0oO0ooooo 200000000
0s3040000000000COO0OO0GOCODOOO
goooooooooboooooooooooooon
goooooooooooboooooooooooon
ooooooooooo

o o0 o o

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) J0o00:C*x000000000 AND/ORO
goobooooooobooooooo,ooo
000 00000000, No. 99, pp. 103-110
(1995).

3) Seo, M., Iida, H. and Uiterwijk, J. W.:
The PN*-search algorithm: Application to

tsumeshogi, Artificial Intelligence, Vol.129, pp.
253-277 (2001).

4) Nagai, A.: A new AND/OR tree search algo-
rithm using proof number and disproof num-
ber., Complex Games Lab Workshop, pp.40-45
(1998).

5) Nagai, A. and Imai, H.: Proof for the Equiva-
lence between Some Best-First Algorithms and
Depth-First Algorithms for AND/OR Trees,
IEICE TRANS., No. 10, pp. 1645-1653 (2002).

6) 000,000:d-pn 00000000000
goobobbooooooo,bboooooooo,
Vol. 42, No. 6, pp. 1769-1777 (2002).

7) Nagai, A. and Imai, H.: Application of df-pn+
to Othello Endgames, Proceedings of Game
Programming Workshop ’99, pp. 1623 (1999).

8) Feldmann, R.: Game trees on massively paral-
lel systems, PhD Thesis, University of Pader-
born (1993).

9) Brockington, M. and Schaeffer, J.: APHID
GAME-TREE SEARCH, Advances in Com-
puter Chess, Vol. 8, pp. 69-91 (1997).

10) Kishimoto, A. and Kotani, Y.: Parallel
AND/OR tree search based on proof and dis-
proof numbers, 5th Game Programming Work-
shop, Vol. 99, No. 14, pp. 24-30 (1999).

11) 0000, 0000: 000000000O0O0O
AND/OROOODO0OOOO0OO0OOOOOODO
gooboooboooboobobo,oooo
000000000000, No.2, pp.1-8 (2000).

12) Kishimoto, A. and Schaeffer, J.: Distributed
Game-Tree Search Using Transposition Table
Driven Work Scheduling, In Proc. of 31st In-
ternational Conference on Parallel Processing
(ICCP’02), IEEE Computer Society Press, pp.
323-330 (2002).

13) 000O0,0000,0000:00000000
0000 PROLOGOROOOOOO,0000O
ooooo, Vol 29, No. 7, pp. 647-655 (1988).

14) 00O0OO0,000,0000,0000:0000
goboboobooooboboooboboooo
goobooboboobobo,oobboooo
000 D-I, No. 11, pp. 755-764 (1991).

15) OO00O00,0000,0000,0000,0
O00: AND/ORODOOOUDDOOODDOOO
godooooobOoooo,bo0booooboooo,
Vol.45, No.SIG 11(ACS 7), pp.280-289 (2004).

16) 00000,0000,0000,0000,0
go0d.:0b00o0bboobobooboboooo
gooboooobooobooo,oboooo
gooooobobbobooo boooobog
0000 0000, No. ARC-162 HPC-101, pp.
157-162 (2005).

17) DO00D0: 000000000, 000 (1978).

01020


島貫
テキストボックス
－102－




