HorFEses Y % # % B Vol 9, Ne.8
1998 £ 8 H JOURNALOF SOFTWARE Aug. 1998

—HER P YRR B BEERE

k o#
CHEHERRFH I R EERE K 100080)

BR iR EAEA, HRHELBARA FEHE T RRA TR I LGB R L
GRAMTHTRAEGAE L LR, UELEFI M BHRBAM A, AR F - E 3 5k
B4Rk 45 M AL 5 L

%G HEBLEE, BT, 8k,

BELS¥T TP1s

R A8 P o T 9 FE A VAT BT SAT (the satisfiability problem ) B3t AR 2 ) 22 M B 20 4247, THILHE S
NP-# R GEILAE R E APRMCHEME. #RE T 1006 EEFCTHE SAT SR E 52 HWR, LF—HEH
IR R R E R LEARE KEFZ - AR —HHR F X 8RR HER.

REME, BNOTE—SXRHEET FH -MTA S8 e TR R, ki, A2 EEFEANERS
RAFHERLOAEFRES L THAE T FEEMA T, MHL AR EF AR FEXFHEE . AN
i LR R B SAT R BITA S . HLEEEMR MBS A A M 324 AR 4 - HEiFE s
R R EO T 2 I I B B AT M - R R B R MR R, T SR SAT TR

1 HECHE EES—EiNiEE %

EANPLEENAPERWEZMBHE—SHRBRAML. A TS ol o 28178013 % 295 7% 2 @8 CSP (con-
strazint satisfaction problems), — 7 CSP & —#HTRIX, | 1</i<n) KPS TR X F-SHEREEE D, . MAE
HZMEHRE—SAHEREIC 1< /<m). R CSP A ER DX A R HE, {ﬁrﬁﬁﬁﬁfﬁﬁ%#iﬁﬁi HEARYT
LR (TRERARA CSP. WREN BEREH D HETREES.

EFNEAENRR TR ES B FRE MO AT E FCSPHS2ME P, T Eﬁﬁﬂﬂﬂﬂﬂﬁﬂ%#
WA RREMHS. HAERSEA T, H - MEEA XA RAT RS L E R H. MackworthW B F R
CSPERE - ERTR EEEHMY, A GFER YRR EENE BRI Y FEFLE -NEELAAES
RGOS EENEE SIS,

B, B CSP X LT & #1128 (Many-sorted) BB AR p B Dy XD X, . XD, EHEEE KP @R
HHT X 3 XNACH A AT

BEELX K B (Typed or Sorteed) HZRL T . L oCr BT HERB 2R TR T TR D
FRABELRS W, oml e B HFHEE XN —6 2B Mok, BITEREH T A58 AR (Unia-
terpreted ) AR F SR BFEF S UXEXH [ P Q). BEHEE. AP TERAMBARBRAERIS LY
s, #,+,— ).

ALAEAMASECTE SEPH PSS BARKE» PER X, .. X, HEARFAHamES. ME4m
BIBE m T ORFGREE. W FEETE R ;8,5 T4 . X2X

e BEEE T - BENE.Hr M ERX,,. . X P TROREATEEER L~ SRR F 0.
AAER i j A< fEn) X2 X R X~ X2~ BB ~RENABRES Y B HATH MR # (G
~y ST 2~y ByHEIHED.

« EXFAEPER e WA HEENPES ERF L HFOETELERE. FEHR. 10 B4 T AFRR,.E8
B H R G AR A,
= EWBRA AU 100080, PE BB e AT FFF EELA S IR R
I3 1097-03-31 FE FHE. 1997-07 30 W FIHE B

© HIEERES AT hip:/ www. jos. org. cn



R O -HERTARRBSHEE Rk — 588 —

P 3. R E RS E. P H 2 AT TR P ER Y, . X - HPX BLAWE  EEBPHFS. BF
BRI, ) ERE R LA 66 Qi< ) X X TR R B ERNFA ) j, W X, 7= Xmed n -1,

2 TLREMRBNENARE

TR BT CSP MR TBE N DX Dy X, .. XD, i D, g /bAE RATAT LA 27 880 o e 0N (B B T 72D SRR
B 4. {E E A0 6 e R U R R BT RN A R, B AMEH T ARAATEN BT
WERBEAR MBI S S CHRE SAT MELTH, IS — MR iR CEEIT R E &,
BESATHEIEP THm BRI B0, o) Bk BRITERELE X UM URA"REAMT P A P 4
WMBRENHENE T RT—8. i, a=4 8, 5,2,3. O80EE1E2,2,3.0, (1,2, 1,4), (1.2, 3,2 &,
ﬁﬂ‘]ﬂitﬁﬁiﬁ1#¢“{fr1ﬁ”&&:valrme( tf'u. [ .ra”'ﬁf\'% X|='ﬂ| b e an':r)w E#ﬁﬁ&%%*%ﬁ:%ﬁ\ﬁ
WF WA E LS. AT R B RS BRI T A, FREMEE. THERRAR—FRLE.
for i—1 to MaxTries do
HEAER = sﬁmﬂ:‘éwﬁﬁ

BN B LT R 2Bl cpr e — i S M B8 P+
for j=1 to MaxChanges do |
WRBWSH L RN ER SRS A,
VUM o S BBl L B PAE A
75 W0 240 A A 18 L LB 4 A CBR 2 B AU R SRR R D
FRBE W B, S0 BAMI RIS
}

b
XA MaxTries Ml MaxChanges B F 525 8 0% B

B T Ml e A, FE T FT LU B 0 S (B £ 0K o A S0 0 b e A (8 3 B4R UL # (Random Walk) 4%
A IR T — — 4R,

EFLABE 2N CEFTTANT I HEEBT AL ERESWMER T AERY  ERIEBMAER

O TREMEREER, A .21, 10 BES —ATIERNLRTR. LNHTH L. /M LR,
L A ] B TR B S CRL PR EL B S AR R ) AT T R B s ., — DT s T SRR R .
B, r+ y<3Y 2=y

BRI TERET —HEZHEY BRLRER. AT R R L HER L. % 14 HEE SPARCstation 10 L
5 B I [l B A A0 B T I A 1 32 AT e ).

%1
n B A () #E S
100 38 15
150 491 13
2060 1 926 211
300 2 131 1623

X E P iEAY R B S A (Inverse Queens Preblem) 2 HB S MEHETNXN. PLERSGTREF L 28 . HEE
T EEE AR B4 A MARE SEERETRRME, #FE2REBABLE L, A a+2 T (8 n>
3 BF). E U A ML, BEEY TR T AR RE W R E— L,

3 MRIfF

BAITERTPEIMH CSPERREHE—H BB ASAEG P ol w4, Ak i, b 7T sl & 8

BB AR AT R E B SATY . HAGEMER . DTG —HTENIRE r=u A THEELT R EE IR

U8B A AR KT SAT MEATFIT e OB 2 E a5 . HErske dE+,. 80T 55 LA /R
&, 77 H &1 00 045 B 07 (Literal) . 1 AP TRl L 75 22

SAT Bt BHAELEhE L NP, EOrm4 R ENHEEEENNET & b FoE R i, ail

AT AR R SR A et R BT A ARE ML TR B4 ELER —

TR R 1R, FEE i had B A R AL T IR R A B eI 3 SAT T HMAT &3, 3 -k

© PEERERELASU  hip/ www. jos. org. cn



— B0 — # # ¥ H LE:3

HUREEZ /i PR B ATIRY TR MGE1TRT A LR B W B AT AT SAT TR, M8 b R B LR A ik 8 et 48
Eeal SAT 2 #F KR B A AT, 2E 8 45 th PUFE S R b 1 ) B, 44, 100- B 5 B T8 10 00 B H,
160 B & T XX H ARSI E AR AZE F S EFIRR. TRE FHEENSE T EE e BIS0H
B U n AR A — AL K, S B R RS, RSB OGO T A, NS ENEETR S E
ERALX MEEOGNTFE. #ITMTETGEEMARAILEATAME, R RETT ~MSAT BFEMES.

EILEA A AT RES R REEM & 3 2 MTEEEFH T FALCON f SEM LA™ HfH
THEFAZHRLEPH—EBLAFTEE SRAERERIRRTHAY, B EERH &ML %S X8
[old. BRI E T ARERE HET B REENY AN REFT. AANERENENBEEERTLRBEL
BRI A, AT AREERKAE, R ERRF ¥ A — % CSP 8 A2 P & bR R R X PR
M R R RRE S B REA T R,

Y F R E F IRt CLP (consirzint logic programming ) % 48 A5 [F B &, 42 1765 _L B foid 3 Horn 5. X {18
KRR TR BHLCLP REth — 0 3 B R 2 ok,

4 HHERE

A E— BB R A E R EUFSUATR CSP, B —BHEE AR EE ARA M. WBE BU, B Es ey
BTSRRI R TR RS SAT. BRE L, M PRAMRA QR LFA R X EF0eE sy RARHN £
FEIEATAHCR R E RO LR F, AERE L AT UAREFNEE . RENER A LS & T Bk
R A LB F R e R R ERE R ER K AN EED L R MRS AR EE ST RITE W
73R P N6 B O . 25 SCAL 30 B % CR A L [ A 0. 2 TT R 6 AL 0 S0 7 B AR LR, — B B A s AT
HEHHERNPER M EAARKENHRE. J8 5 BEL—7 L EAN#H R

EH T

1 Mackworth A. The logic of constraint satisfaction. Artificial Intelligence, 1992,58¢1) .3~ 20

2 Gu ). Efficicat Jocal search for very large-scale satisfiability problems. SIGART Bulletin, 1992,3(1),3~12

3 Selman B e2 2. A new method for sotving hard satisiiability problems. In; Proceedings of the 10th Vational Conference on Arti-
ficial Intelligence (AAAI-92). Menlo Park, CA, AAAT Press, 1092, 440~ 446

4 Fo, RO - AR S RTEATHE R MBS EE, RERE A B),1995.3801) 116~ 128
(Li Wel, Tuang Wen-qi. A mathematic-physical approzch to the satisfiability problem, Seience in China. 1995, 38¢1) 116~
128)

5 KE B REE SAT BN B EAS R E. B4, 1906,7(4).201~210
(Liv Tao. Li Guo-jie. Multi-stage search rearrengement algorivhm for sclving SAT problem. Journal of Software, 1998,7(4);
201 ~21¢) -

6 Selman Bes a/. Noise strategies for improving local search. In: Proceedings of the 12th National Conference on Artificial Intelli-
gence (AAAT-94). 1994, 337~343

7 Nudel B. Tree search and arc consistency in constraint satisfaction algorithms, In; Kanal L, Kumar V eds. Search in Arificia’
Imelligence. New York, Springer-Verlag, 1988, 287~~342

§ Zhang |, Zhang H. SEM; a system fcr enumerating models, In; Mellish C S ed. Proceedings of the 14th Internations} Joint
Conference an Artificial Intelligenre. San Mateo, CA, Morgan Kanfmann Publishers, 1895, 268~303

9 Zhang ], Zhang H. Combining local search and backtracking techniques for canstraint satsfaction. In: Proccudings of the 13th
National Canference an Artificial Intelligence and the 8th Innovative Applicanons of Artificial Intelligence Conference. Cam-
bridge, MA . MIT Press, 1996, 389~374

Local Search Methods for Constraint Selving in First-Order Logic
ZHANG Jian
(Laboratory of Computer Science  Institute of Software The Chinese Academy of Sciences  Beijing 100080
Abstract In this paper, the authbor discusses constraint sarisfaction problems in the framework of first-order logic.
Local search methocs for satisfying first-order formulas are studied, and compared with sarisfiability procedures in
the propositional logic. Experimental results on the Queens problem and the Hamiltanian circuit problem show that

the framework is suitable for dealing with quite [arge problem instances.
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