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Hierarchical Pincers Attack Search Using Proof Numbers and
Disproof Numbers for AND/OR Tree

FuMiyo TAKANO," ATSUSHI SEKINE,t HIROSHI SATA,f
YOSHITAKA MAEKAWA! and KAZUAKI ROKUSAWA

This paper proposes a parallel AND/OR tree search algorithm using the hierarchical pincers
attack search. Parallel processing algorithms of AND/OR tree search are proposed. Many
of them search a tree from a node having a small proof number. When a solution is a node
having a large proof number, they need a long computation time. Therefore, the proposed
algorithm uses the hierarchical pincers attack search. It is able to search from a node having
a small proof number and a node having a large proof number simultaneously. Addition-
ally, many processors search some nodes having a small proof number, and a few processors
search some nodes having a large proof number. The proposed algorithm is implemented on
a shared memory multiprocessor and evaluated. The result shows super linear speedup by
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parallel processing when sequential search needs a long computation time.
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Fig.1 An example of search tree.
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Fig.2 Hierarchical pincers attack search.
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Fig.6 Node expansion by a processor searching from left.
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Fig.8 Solving time by increase width of threshold using 4

processors.
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Table 2 Speedups by range of search time using PDS.

Range of Sequential Number of .
Search Time t[s] Problems ave: max. R
0<t<1 3 0.17 0.37 0.07
1<t<10 4 0.33 1.27 0.03
10 <t < 100 5 1.59 13.12 0.52
100 < t < 1000 4 2.40 6.86 0.58
1000 < t < 3600 1 140.96 140.96 140.96
3600 <t 10 15.09 214.93 1.57
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Fig.9 An example of no speedup. Fig.11 An example of super linear speedup.
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Fig.10 An example of under linear speedup.
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