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A Preprocessing Method for the SAT Solver PCMGTP on FPGA

Junichi MATSUDA, Miyuki KOSHIMURA, Hiroshi FUJITA and Ryuzo HASEGAWA
(Received June 16, 2006)

Abstract: This paper describes a preprocessing method for the SAT solver PCMGTP implemented on
an FPGA chip. In PCMGTP, each problem is transformed into an HDL code so as to solve the problem
directly on an FPGA. It is time consuming to compile an HDL code to a hardware circuit for the
FPGA, while its deduction is at speed. Preprocessing SAT problems can sometimes reduce their
search space and size considerably. Applying the preprocessing method to SAT problems not only
decreases runtime for solving them, but also reduces their circuit size and compilation time.
Experimental results show significant performance in solving some benchmark SAT problems.
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procedure MGTP(S); /* Input (S): Clause set */
MG (¢.S);
procedure MG (Mc, S);
/* Input (Mc): Model candidate */
(1) (Model rejection) If a negative clause (A4, A -
N A, — false) €8 is violated under Mc, return.
(2) (Model extension) If a positive or mixed clause
(AN --NA, = B,V --VB,)ES is violated
under Mc,
Jor(i=17<m; j++)MG(Mc U{B,}, S)

(3) (Model finding) If none of above rules is
applicable, print sat.

Fig. 1 Model generation procedure.
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Table 1 Number of logic elements needed to construct each module.

module

No. of logic cells

propositional variable module

14

non-Horn module

21 (for a clause with 2-literals in consequent)

(without antecedent part)

26 (for a clause with 3-literals in consequent)

clause module (with 3-literals)

3
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Wz AT EEE TIZ LT ICHBAT 5 8@ EEICMA, DP&
THHVWLNTWVS, 1UFFI)LEHAI (one literal rule)
EHiD 55 )LEEAI (pure literal rule) ZHtAT 5.
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LIZT D, HEREERLICERL, S, &S 0TS
KS'={C,QC, | C.€S,, CESFEEZD. ZDLE,
SESUS\SN\S_.OFEFEEZELL, ZLT, #

ERERxEZEERVOT, fiFLDEROEKII PN,
ZDEDISHhoEKEHIRT 2#E2H 7B (clause
distribution) ¥& FEXR. HiEIC K > THRRBAIEEMIZ R
na8, FRICKDIEROHIBRERZRIZETVEIRBEST
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T IIVHIER, EER,

—REICIE, EEAPICHEHC, LEHCHEEL, CiHoO
VFINDHb—DeREITLHCNC, = HEBT DR,
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5, ZorEfBREINBDUTFINE, CihsCiERT
BBIIRESIEREVTIN 2REIELZBDOTHS.
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simplify () {
apply self-subsumption.
apply subsumption.

apply pure literal rule

for each vEvariable_set {

if (v is not eliminated) {

I

variable elimination(v) {

apply clause distribution.

while (there exists a newly generated clauses) {

for each vEvariable set { variable_elimination(v) }

if ( (number of v occurence) > (number of —v occurence)) apply literal-flip

if (there exists unit-definitions) replace variables with their definitions
if (number of v/—wv occurrences is greater than a threshold) return /* heuristic cut-off */
if (there are applicable definitions) replace variables with their definitions

if (at least one definition has been applied) return

Fig. 2 Preprocessing algorithm.
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i3z, IBM5F A7 hw 7 PC (Pentium4 3.2GHz CPU,
2GB XA E 1, Windows XP) %MW, MEIL, M
B, BXUSATYNND I XSAT COMPETITION?
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DY, BXULT N1 )VEEE (Comp) DERITKIHL
Tn5, ERHEBITEKT31%Cell_ratioliZHlE I N T
W5, AT, {ERIZEREEOBEHKRTFPGA LIty Y >
O— RTEAM> BB DWW THRTLEEET LTS
U2 O—RIFBIENTETHD, ATNEICX S ERRH]
BOYBEND NN D, ETRE (Time) i3,
FIREEMLDICBP L0y 78 (Clks) 2BRAHERA
R (FMAX) TEBZEIZEo>TROTNS, Rl
LD ETOMETHRETEENMLELTHBD, &KRT
2300f% (Time_ratio) OEELITRIIL TS,
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HEEHiT->7=. ZHIESAT COMPETITION2005 TH R
BENDEIATLATHS, BEISEFEALEZDODD
5, FREAREE (unsat) OFEBEDOHEMN (PCMGTP
I3 EMRER, MiniSat IEMERTH S4D). MiniSatdD
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Table 2 Numerical results of preprocessing for some benchmark problems.

Vars Cls NH NH_sum | Pre_time
Problem
ag5_8 245/512 | 5300/17438 98/70 371/539 9.634
ag5_9 395/729 | 10365/28141 127/88 546/764 23433
qgb_8 245/512 | 5277/17382 99/70 366/539 9.543
qg6_9 396/729 | 10375/28069 128/88 549/764 23.283
qe7_8 293/512 | 6773/17430 115/70 419/539 10.465
qg7_9 453/729 | 12523/28141 138/88 611/764 24.145
homerl7 286/286 1742/1742 26/415 264/924 1.793
homer18 307/308 2029/2030 27/592 285/1272 2.293
ca016 121/272 408/780 122/282 306/629 1.392
dp04u03 184/1017 839/2411 265/826 619/1773 7.290
cnt05 116/315 413/1002 137/439 341/963 2.304
ezfact32_1 209/769 1238/4777 | 602/3034 | 1458/7577 22.763
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H, MIniSAT &0 EEARHEEBMRVBFETHDLEND Z
EMRE N
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Table 3 Numerical results on FPGA and MiniSat for some benchmark problems.

M Cells | Cells_ | Comp. | FMAX Clks Time Time_ MiniSat

Problem ratio (secs) (MHz) (secs) ratio (secs)
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