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Vectorized Local Search for CNF Satisfiability

DAISUKE KAwAL,t SHUICHI MIYAZAKI, 't YASUO OKABE!f
and KAzvuo IwamAtt

The purpose of this paper is to speed up the local search algorithm for CNF Satisfiability
problem by implementation techniques and parallelization. We selected GSAT by Selman and
Kautz and attempted speedup by the following techniques: (i) An improvement of the data
structure of Selman and Kautz’s implementation. (ii) Vectorization on a parallel vector super-
computer. (iii) Parallelization using Parallel Virtual Machine (PVM). By these attempts, we
achieved 600-times speedup in total. We executed our GSAT for benchmark instances of the
2nd DIMACS Implementation Challenge, Satisfiability. Our program performed much better
than existing programs on most instances. Moreover, we were able to solve some instances
that existing programs could not have solved.

1. 0 Oo0Oao

CNFOODOODOODOOOOSATOODOOOO
000000000000000000000000
000000000000000000000000
oooooo2oooo®ooooooonoo
000000000000000000000000
oo™ opo1990000000000000000
000000000000000000000000
00000000000 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000

fo0oooooooo
Toyoda Automatic Loom Works Ltd.
++ 0000000000
Graduate School of Informatics, Kyoto University

754

00000000000 00000000000000
0000000000000 D0O0000000000
0 2),3),6),10),15),20),21)D

000000000000000000000000
000000000000000000 GSAT'?2
000000000000000000000000
000000000 0O0oDo

GSAT 00000O0D0DOO0O Selman OO
GSAT¥ 0000000000 0D0D0O0ONDODO0
3000000000000000000000000
0000000000000000000 VPP80o?
O0DO0OGSATOOO0D0D0O000002,0480000
0000000000000 500000000
000000 Parallel Virtual Machine” 0 000 O
VPP800D 4000 CPUOODOODOOODO 400
0000000000000 00000000000
00000O0Selman0 0 GSATO OO OO 60000
0Do0D0O0o0ooD



Vol. 42 No. 4

000 O2nd DIMACS Implementation Challenge,
Satisﬁability5>|]|:|[|[I[ID[II:II:IDEI[II:IDI:I[II:I
GSATOOOOOODOODOOOOOODOOOODOO
JoobooboOooooboooooooooobooooo
00000000000 0GSATOOODO O Random
Walkk OOOOOOOODODOOOO0OOOODOOOO
g0oooooooooooobOobooO 200000
gooooooon

0000000D00oOoDooDoOoOoOd200 SATO
000o0obO0oooooooDb3040500000000
gopoooopoDooopooobopvyMOODODOO
0ooooooooooooooennOO DIMACS
OoooooooooooobObObooobooooo
000 r00o0o0oooOOoOoOoooooon

2. SATOOOO0O0OO0OOO

z (i=1,2,..)00000000 (1)0000 (0)
00000000 2, 0000000 ;00000
000000000000000000000000
O00000O0CNFOOOOOOOOCNFOOO
000000000 SATOODOOCNFOOD fO
00000000 f000000000000100
000000000000000000000000

A0 A, 0000000000A; 0 4,000
10002, 00000000000000004,0
A, 0000000000004, 0 A, 00 ;O
00000000000000A000000000
A;00AD00 z;000000000000000
00000000004, 000000000 ADO
00000000000000 ;00400000
GAINOOOOOOODOOO0O0O000000000
00000000000GAINOODOOOOOOOO
000000000000000000000000
000000000000000000000000
000000000000 000000000000
000000000000000000000000
00000000 GAINO 000000000000
000000000000000000000000
000000000000000000
GSAT!?2) GAINODODOOO 000000000

GAINODDOOOODOOOOOOODOOOO
Weighting'®?? 00 O0000000000000C
0000000000000000000000
00000000000000O00D0O00O000
0000000000000 10 CNFO fO
000000mMO0000000000000

SATOO0O000O00O00O0O0o00OO0 755

00000000000 00000000000
0000000000000 D0O00O00O0O00
0000000000000000000000
0O000000o0o
Random Walk?" 000000000000 p(x
0.5 000000000000000000000
0000000000000000 1-p0O00
0 GSATOOOOO0O000000
0000000000000000000000
GSATOOOO0O0000 Selman 00 GSAT' 0O
000000000010000000000000
00000000000000000O00000
GSATODOODOO0O000O0 MAXFLIPSOMAX-
TRIESOODO 20000000000000000
00000000000 000000 MAXFLIPSO
00000 TRYOODODOGSATO TRY O MAX-
TRIESOOOOOOOOOOODOOOODOOOO
000000000000000000000000
00000000000000000

3. 0O0OoOoOobOooooooo

O000DO0OGAINDOOOOD 10000000000
00000000D000000 SelmanO O GSAT'®
OD000O0GAINOOOOOOOOOOODOOOO0O
ooo

3.1 GAINOOOODOOO

000 GSATOOOGAINDOOOODOODOOOO
000000000000000000000 GAIN
0000000000000 0GAINOOOOOOO
O0GAIN>DOOODDODODOODDOODOODOOO
000000000000000000000000
000000000000000'0Selmand0 O
00 GAIN>0OGAIN=00GAIN<0DO 300000
000000000000 000000000000
0000000000000 00000000000
0000000000000 0000YYooooono
0000 GSATOOOOO0O00O000000000
0000000000000000000pblilO0
00000i0000000000000d randomD
O0O0Opblrandom] 00000000000 OOO
000000000000000000000

3.2 GAINOOOOOOO

00oooooon

00000000000000000000000
000000000000 000000000000
0000000000000 0D00D0O0000000



756 goooooooo

0000000000000000 00000000
00000000000000000000 GAINO
000000000000000000000000
010000000000000000000000
00 1000000000000000000000
00000000000 0000000000000
oooooooooon

00000000000000000000000
000000000000000000000000
0000000000000000000 GAINOO
000000000000000000000000
000000000000000000000000
00000000D000GSATOOOO00O000000
GAIN>0OGAIN=00000000000GAIN<O
00000000 0000000000 000000
000000000000 D000000000000
000D0000000D000D0000O0000000n
000000000 00000

00oOooooooog

0000000 20 GAINODOOO 00000
00000000002, 00000000 0000
000000000000000000000 220
0000000i000000000000 pblil=2
000000000000000000000000
000000000000 000000000000
000000000000 O0DO0O0D0000000O
000000000000 00000D0O000000
000000000000000

3.3 0000

0000000 GSATOOOODOOO GSATO3
00000 GSATO Selman 00 GSAT OO O O
00020000 GSATOOODOODOOO 20000
GSATOOOOODOOOOO0ODODDOOOOOD
000000 GSATODO GAINOODOOOOOOOO
0000000 GSATODOODDOODOOO0OO0DOO
000D0O0D0O00Selman0 0 GSATOOODODODO
Web')0000000000000O00O0 1000
00000 SUNODOODOOOO0O0O UltraSPARC-ITi
0300MHzO0OOO 100 CPUODOOOOODOOO
0000000000000000000%0 1000
0000000000000000 50001,00002,000
0000000000 43000000000000
00 MAXFLIPSOOOOO 100 0MAXTRIES O
1000000000000020000 GSATOOO
O0Selman 00 GSATOD 30000000000
0001002000000 Random Walk 0 OO

Apr. 2001

01 0000000 100000000000
Table 1 The number of flips per second executed by each

program.
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Fig.1 Example of data owned by each try.
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Table 2 The number of flips per second executed by each
program.
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Table 3 The number of flips per second made by 40

processors and 1 processor.
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Table 4 Experimental results for DIMACS benchmark instances.
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Table 5 Authors of each SAT program in Table 4 and machine performance.
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3 Jaumard, B., Stan, M. Davi 14)
Desrosiers, J. avis-Putnum-Loveland procedure 10.82
4 Pretolani, D. H2R, BRR (pruning)'®) 18.03
Greedy Randomized Adaptive
5 Resende, M.G.C., Feo, T.A. Search Procedure (GRASP)lS) 1.84
[ Spears, W.M. SASAT (Simulated Annealing)23> 4.63
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7 Gelder, AV, Tsuji, Y.K. and limited msolution)8> 3.14
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