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SAT Algorithm Based on Implicit Enumeration Method
Tosuio Ouvanact,t Masauito Yamamoro!t and Azuma Ownucurtt

The satisfiability problem (SAT) is one of well-known problems in the field of computer
science. Many researchers in this field attempted to develop an algorithm for solving this
problem. Among them Davis and Putnam succeeded to develop so-called Davis-Putnam
method. Recently some researchers in the field of Operations Research applied mathemat-
ical programming theory to SAT. This approach intends to solve SAT by not symbolical
computation but numerical one.  This paper intends to propose new SAT algorithm based
on implicit enumeration method that is one of algorithms for general 0-1 integer program-
ming problems. - Furthermore, a detailed comparison between the proposed method and
Davis-Putnum method is made. The result shows that the proposed method and Davis-
Putnum method ‘are closely related. Some computational experiences are also made to
verify effectiveness of the proposed method. As a result, the method solved all the test
problems faster than Davis-Putnam method and Kamath’s method.
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Fig. 1 A SAT algorithm based on Implicit Enumeration Method.
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5. FTEHERR

5.1 EBR A &
IEMSAT OBEEEZBRIET 2 OICHEBERE
To7z. EBTIZ, IEMSAT 75 5 U1 Davis-Putnam
D7 a2 5 L% Sun SPARC Station ELC (FiHE:
16 MB, ##E: 21 MIPS) ETRITO XS iR L.
o IEMSAT i) 2 FRYEIE, FEHA=Y) —%
DRI Z B EBTELDT 0l 5 L500H
HEHIR B ISHEEERE L.

o JEMSAT QA VY AV F—vayi3EEmm
DORBEPBIZNTC L5 CEETI 1.

® Davis-Putnam OA4 V7 ) AV F—v a3 VIREE
MEHBFLTH S EMS Common Lisp E5E
Tir-7c.

EERRTI, XE12) 5 & 4 SAT LFUBEE
Ao, 44 XONS BN L TREY 1 X58%
IEMSAT X & Davis-Putnam THX, 44 X
DOREBBBERH LUTIREY 1 X 20 % IEMSAT
TREThZThHERBLHERE L.

5.2 #RLER

ERERARIEE2IORT. E1RY M XD
BEBEOEBHET, TOWIIEY 1 X5 EORES

Dec. 1993
R1 BEEBRERL

Table 1 Computational results 1.

M & RO (s)
VS Bk | T* IEMSAT Davis-Putnam
30 50 | 5 0.003 0.012

100 | 5 0.001 0. 028
150 | 0 0.093 0.610
200 | O 0. 063 0.492
50 100 | 5 0.017 0. 042
150 | 5 0.017 0.168
2001 5 0.190 1. 072
250 | 0 0. 603 5. 380
70 150 | 5 0.017 0. 090
200 | 5 0.077 1.452
250 | 5 0.337 0.952
300 | 2 9.290 55. 070

* T3, 5MEONED R TRRTETH -/ BB
R

x 2 BUEEBHER2
Table 2 Computational results 2,

M E ks (s)
Yy ¥k L* IEMSAT  Kamath
200 400 7 0.04 3.5
400 800 10 0,04 5.6
400 800 7 0.14 7.8
500 1000 10 0. 06 7.4
1000 2000 10 0.43 18.5
7 0.81 21.5
3 0.97 © 50.4
1000 4000 10 1.33 25.1
1000 8000 10 3.09 38.0
1000 16000 10 6.78 66. 4
1000 32000 10 14.14 232.4

*L g, 1208d0DY) 75 VEERT.

ROTRERFE T TS - oMY, RO
KOFSE (RARY) THB. AKR2B¥IX
OREUHBOKBRIERT, IEMSAT THROES
OFHFRHOTSE (HALIE) & Kamath Stk
SABROEBROMRERT. Kamath 50X,
WF/~s b ovEHEEE KORBX (Mgl : ~2 bavfbic
& 1 MFlops %5 32MFlops), OS {3 UNIX 0%
HT#% KORBX OS T, KORBX FORTRAN
BLU KORBX CEBEBEZANTH>TWV5. ik,
Kamath &3f07cRER, AEIORBRTHOIRE
EHAX B LUERFERREALERLTH S,
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HEOMER TRV EREBRELZ EEL MDD,
% o2 FA—ORETIRVEEZL LN B.

EBRERLD, 44 XO/NSVMEH LT IEM-
SAT {3 Davis-Putnam {C bt RTITRTOKEEA E#
IKRNTEBY, KBSOMBEI LT 10 52 EEE
THBCEb»s. IEMSAT Ti3, 1) EFEE
BEBBRICKRD 3, 2) BEBHOMELE LD
Ti75, ¢ litkbh, Davis-Putnam T30k
STWEBEEZER LI EELO5N 5.

T, A XOKREERECH LTI, Kamath &
PT-cERETERBELB XU 72 MIENEL S
7o OHHITSFHEEFT S T LI TERWAS, TNTO
FfEA 10 £R BRSO TO R 2 &8bhb.
O 10 Pl E& VA fEid, Kamath & 0FESERD
WH <y P VEHER ETEOHEBROERE T
DS & D BRI — FOBRBTOA TS EE
25N &E, IEMSAT B5—REGE T — ) R 5 —
VeV ETHBEINTNELEEAEIADLERE, &E
BTHAVAHERELS BT IFMTEEEEEZLDS
ha.

PUbro#RE, 4ERE L/ IEMSAT i SAT
EHUTHEOYA XL & & TEIEIHEEEZS
na.

6. & H b (T

ARWITIR, BFIBEICESSHFLY SAT 7
Y XaELUT IEMSAT %A% L.

Z LT, SAT KH9 2SN AHETHS Davis-
Putnam OFE:EOBAEFEMICHE~N, IEMSAT ¢
T BB E Davis-Putnam @ 4 DO#EAIOMIS
HFEFT-71. COBRIZ, —BO 0-1 BYHEHEE
g BRRFIZ LS SAT Bkt scs
T, Davis-Putnam OFBELIFIZEL & O 88T 7
CERFTHDTHB. IEMSAT & Davis-Putnam
T3,

1RGN AE COTUET 501 DT DUNET

L,
2. EfT TR A EEBANCR D 2 DT D,
D2 DODHEPBEN B,

o, BETNT Y XLOFHEERIET 57200
HEBERZITY, IEMSAT 43 SAT e LTER
BHETHLZ EERRLE.

SBOBREFEELLT,

o B EHEROBRFHH:ORE,

B BERCESL SAT 7o) X o 2471

o FRICHT BEXIY 217 5 1> ORBHWAOIE
B7 ki DRRET,
EDH 5.
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HAREE P OfEER(5)RDEBD T, 2t D
O-SEfEfRITH L, xo+j€ NE_ % jx;=2020, ViEM,
Thd, Lichs-T, bi<0, vieM THhiZT T
OHWREZHRETS. 2% 0, x* O 0-BHRERZ zo=
0 L1523 P OERTEHBEGRS. ¥k M=¢ O &
X3, IR EELTCOTHHETHS GEHK).

(52T 2 DIEEA]

x* OSEREORICETHER £ BERTSET
5. 5L, THE(3)ROREMER,

o+ X aiizt=xot T aiizi+ X aizh
jeN jelJk jeN—Jk

=xzo+bi+ 22 a;‘,;j? —bt
jeN-Jk

Lzo+bitsi, (19)
E18B. TTT, 20=0 &T5&, s:<0 185 HIHNIC
HUT
xo+j§Ndiji§Sxo+bi+s-'<b;, (20)

&Y, FFNEFTEEERTHIELC E EFETS GE
HARK).
[EIE 3 MEEFA]
e UT, THE(3) ROFIRISRER,
zo+ X aisi=xot+ X aiidh
je jedk
M ai; B4t aind})
FEN-Tt—(h}

<zo+bi—b

> max(0, aij)+ainit
N—JF (n)

=20+ bi +si—max(0, air)+ ainzt,
=bi+qfhi‘i—max(0, ain), (21)
ERB. UledioT, & METFHETH I/
12, anti—max(0,ai)>0 ERANENDSE, o
T, an=1 251 zi=1, an=—1 25 2{=0,
TR TRESE GERIR).
[3% 4 OEERA]
FHIXOEPTHD (EHRK).

Dec. 1993
[ 5 OER]
MARIE Pr OflFRT, —fBic,
zo+ 2 xi— X x;=1—| Nt (22)
jeNt JENt

ENIBREB >TNAE. T, NLBIXU N 3
BEBENZFN1BIY -1 THIEHERORLF
H£ATHS. 37, FEB1OBHHEYR FrELE
ET3) Ot 1 cEAETHE%2ELSL, (22)R
DEAZ, z0=0, 2;=0 (VJENL—{k), z2=1, z;
=1 (VJjENL), D& FB/ME 1| Nt &72h, ¢
BRAEAE—HTS. i, BB -1 OHAEHK
WAELRETE) O 0 CEETIEGEEZS
&, 22)RDETAIR, x0=0,2;=0 (VjENL), z+=0,
zi=1 (VjEN—{k}), D& EF/ME —(| Nt —{&}])
=1—|Nt| &30, COfERAELE—ET 3.

ZOZ EhD, EOEEEREOHBRIIMmOEHBE
BOMEICLSTEIRRDIDCEKED, FLOLES
BEICBOTEROBRL 2EMNTE 3 (FEHK).

[5E2 6 DEFEA]

(9)RBW O IOBA, TNTOHNKRTHHER
zp REDY 730 l, (10)RMBK D ILDEAR
BDOYFINMCABLTN B Z &I 3. Lichis
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ERVHWRRBRET L ENTHENS GFHK).
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