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Solving Constraint Satisfaction Problems by Hybrid Genetic
Algorithms Based on Min-conflicts Heuristic

Mi1yukl MATSUMOTO,! HITOSHI KANOHt and SEIICHI NISHIHARAT

Several approximation algorithms using hill-climbing techniques and neural networks have
recently been proposed to solve large CSPs in a practical time. In these proposals, many
methods of escaping from local optima are discussed; however, there are very few methods
that actively perform global search. In this paper, we propose a hybrid search method that
combines the genetic algorithm with the min-conflicts hill-climbing (MCHC). Global search
by using GAs is performed, and the elite, or the individual with the fewest conflicts in the
population, is used as the initial value of MCHC to search locally. For the purpose of giving
the first priority in the GA process to maintaining diversity of the population, fitnesses of
each individual is decreased when the Hamming distances between the elite and the individual
is small. The elite falling into local optima is removed from the population, and the MCHC
restarts from another initial value that is created by GA. In our method, the individual having
the fewest conflicts in the population is used as the initial value of MCHC to make a local
search. Some detailed experiments are also performed using constraint satisfaction problems
defined by Haralick to prove that the proposed method generally gives better efficiency than
both of GA and the naive randomly restarting MCHC.
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Fig.1 An example of CSP.
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Fig.2 Classification of CSP.
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Table 1 Correspondence between CSP and GA.
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Table 2 Number of constraints and their density for
Typel to CSPs.

Type 1 2 3 4
m n—1]9n-1) | 17(n—1) | n(n—1)/2
d 0.98 8.82 16.7 24.5

®3 Cuc t Coa OEME
Table 3 Experimental values of Cyc/Cga.

Type 1 2 3 4
Cuc/Cca | 2.98 | 9.37 | 145 | 158

F+4 GADEBKR
Table 4 Experimental results for GA.

Nyp 500 | 1000 | 2000 | 3000
Succ 72 73 7 82
Time | 4.0 8.2 7.5 12

Succ : BFEHEIIE (%)
Time : FHEFEFH (min)

F5 GAE OEBRER
Table 5 Experimental results for GAE.
N, 500 [ 1000 | 2000 | 3000
Suce 72 74 74 74
Time | 3.2 6.0 10 18
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Table 6 Experimental results for GAHC.

Np 500 1000 2000 3000
Succ 76 87 88 83
Time 2.9 3.1 3.5 9.0
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Fig.5 Experimental results for GAHC.
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Table 7 Strength of constraint and
percentage of success.
|R;| 1 3 6 9
s 0.94 | 0.81 0.63 0.44
IHC 99 100 98 76
GAHC 99 99 99 72

|Rj|: BABDOES R; O A4 XOFHHE

(4), (6)~(8) 5 cost(GAHC)/cost(IHC) %k5TE
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4.7 HFOMIICEET B g

T Type2 O CSP DRI E s 2L sw
72 EDOIHC, GAHC OBFERIIRLRT. R7 »
5 GAHC & THC &, BRERFEUCEmEZRLTWwLI L
5,

May 1997

#8 breakout 7V XA LDHE
Table 8 Camparison between breakout algorithm
and GA+breakout.

|R;| 1 3 6 9

s 0.94 | 0.81 | 0.63 | 0.44
breakout 100 71 68 53
GA+breakout 100 89 73 55
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BT 5 MCHC % breakout 7 )V I XL E X# 2
72bDTHD. Thbb, Y- MEKTOLHES L
7= MCHC TRFTRERICHE-> 7254, BRLTWAS
HHOEALHEMEEE2bDOTHL. T/, BEL—
T REHT 5728, MCHC D AT v T HOEBETH5H]
FREE B2 72358121F, GA KX 2R 0WEEY S
BAY—+75.

ZZTIE, JOHK15) THERI L 2D Type2 (d =4.3
DIFA) O CSP % |R;| =1,3,6,9 = X4 100 83
DT VY LIIEASY (H400), BEEERHARL.
ZOLEDHEDORIL |L| =4, BHEOBIEI n=150 &
L7z, 72, £MO% 4 Xk N, = 2000, =1 —F
EEDOL & WElX F, =02 & L7

7 8 ICHIMRRER (1043) DIRICIEZ RECT& /- CSP
DEE (BRERIE) 27T, K8 5 |R;| »3M
FTBHIONT (Thbb, FNOBIINELRDIE
) BEREIRPFBI LTVE D DD, RFEESER
TWABIZEWGhs.

6. bW

AL TIX, GA £ MCHC # 147 v FALLZ
CSP OBERIRE LA, T/, BED GA LKA
BN (IHC) R BMTHWEA L) LEREE,
BERDYRELIBENTVD I L 2 EBRTHR L.
ARFILTIX, Haralick DESHEFIZE D CSP # B
TEBRZITo2H, TOCSPHADL 2 — ) AF 4
7 AZAVTICRERORREROATHER L. L
72050 T, REXTHONRERIZ, o CSP 2
HTRFLEEZOLNS,

KB TIX, CSPR 4200 % 4 7B L TEE



Vol. 38 No. 5

L7z, GAZNR—REL7HkIE, Thony 4712
HENERELRVOUNZA R FETHLEEZOND
DT, 4%, LNFEHLSEICESNT GA 0FEH
HEHTBERICT DI LBEETHLEERD. 7,
REOMREFMIC oW, REFXTIE, 2 A %E—
FBLLTHOLNCBOERBE L LTz, —f&iC
IAMLBOTE, FL—FFT70BRICHEEEL
bRTWA, L72d5>T, QAN 2ELL X255
NBBOENPED L ICERTELLVIREAILD
AR SNBRETH D EEXD.

W AL EDL BV ERRIERT W
Ruwviz, REEBTHSRETNIBIE, A%BTF - BH
TRV, FU CAZTEFERNEERK
(R (&) BLEFER) RS- LET. 3
7o, U7 T ADRBICTH VBN AREHET
PRI E — R IR B 7 L

2 X M|

1) Haralick, R.M. and Shapiro, L.G.: The Con-
sistent Labeling Problem, Part I, IEEE Trans.
Pattern Analysis and Machine Intelligence,
Vol.PAMI-1, No.2, pp.173-184 (1979).

2) BEE— 45N VB ERH, Bl
H, Vol.31, No.4, pp.500-507 (1990).

3) Minton, S., Johnston, M.D., Philips, A.B.
and Laird, P.: Solving Large-scale Constraint
Satisfaction and Scheduling Problems Using
a Heuristic Repair Method, AAAI pp.17-24
(1990).

4) Adorf, HM. and Johnston, M.D.: A Dis-
crete Stochastic Neural Network Algorithm for
Constraint Satisfaction Problems, IJCNN III,
pp.917-924 (1990).

5) Minton, S. et al.. Minimizing Conflicts, A
Heuristic Repair Method for Constraint Satis-
faction and Scheduling Problems, Artif. Intel.,
58, pp.161-205 (1992).

6) Selman, B., Levesque, H., Mitchell, D.: A
New Method for Solving Hard Satisfiability
Ploblems, AAAIL pp.440-446 (1992).

7) Selman, B. and Kautz, H.: Domain-indepen-
dent Extension to GSAT: Solving Large Struc-
tured Satisfiability Problems, IJCAI pp.290—
295 (1993).

8) Morris, P.: The Breakout Method for Es-
caping from Local Minima, AAAI pp.40-45
(1993).

9) Davenport, A., Tsang, E., Wang, C.J. and
Zhu, K.: GENET, A Connectionist Architec-
ture for Solving Constraint Satisfaction Prob-
lems by Iterative Improvement, AAAI pp.325—

HIR BB LEBEEICE D N7 Y v F GA I X B8 T REIEO B 969

330 (1994).

10) Yugami, H., Ohta, Y. and Hara, H.: Improving
Repair-based Constraint Satisfaction Methods,
AAAIL pp.344-349 (1994).

11) Goldberg, D.E.: Genetic Algorithms in
Search, Optimization and Machine Learning,
Addison-Wesley (1989).

12) LB EH  BEHTVTY X4, EEHE
(1993).

13) WA, NE, ¥EF, wGE . EEH7 LT XA
12X BHIRTE RO, FRLEFERANTH
BERFZE &R, Vol.95, No.86, pp.33-40 (1995).

14) Kanoh, H., Matsumoto, M. and Nishihara, S.:
Genetic Algorithms for Constraint Satisfaction
Problems: Proc. IEEE, International Confer-
ence on System, Man and Cybernetics, pp.626—
631 (1995).

15) Mitchell, D., Selman, B. and Levesque, H.:
Hard and Easy Distributions of SAT Prob-
lem: Proc. National Conference on Artif. Intel.,
pp.459-465 (1992).

(P84 3 B 5 HEAY)
(PEC 94 3 A 7 HIRER)

WA FE (BELKEH)

1972 4. 1995 ERFAFE=S
SRR E. 1997 £RAEX
FhE T2 SRS T. B
1, Vo—%ASHEE. £¥Pi
BEHT7 VT XA, A—FEF—
78 YOI ORBIRFRICET HHICHEE.

»E B (E4R)

1954 44, 1978 ERBEKRFE —
FRHBERFERE. 1980 EFAFEKR
FHRBTHHERELERET. B
£, HUER (k) At A7

. PO AT AERTICBWTATLA
e - MIEEIRR O ICE T 2 BFZEICHEE. 19934E L Y
FIERFETER LS. BE, Fbhsds. fluick
o R, JEM7 V) X AOZICHREE. T
FHE. 1992 FEREABLEHSH. BE¥S, A
THE¥R, FHEHHEZESEKAE.

i



970 TERILHE 22 S Fm 3CEE

GE & (E4E)

1968 FEFARETHERKE T
FHE¥E. FE, MAZREEER L
¥ ¥ —BhF. 1975 £ X RIEKRFEE
F - BHRIFR. BHE FgdR T
i+, 1982~1983 FEXHEES
MR e LTKREY 7y — V=7 TS KEEZR
HB, 7974y Ak CAD, MAEETHERTVITY X
A, HERAE, BIRTCRMIE, GA OBFEICHE. &
'IZ[F—sHE] (F—2a3t) & BFEHEE
24 NTHEE¥4S, ACM, IEEE £4%H.

May 1997



