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Abstract::  In this paper, we propose an algorithm for a combinatorial optimization problem based on
a dynamical ‘system composedof nonlinear: oscillators (oscillator model).  The proposed: model  has phase
patterns corresponding to- all feasible solutions of the optimization problem as stable states. ‘Based on the
characteristics of the proposed miodel, an optimization algorithm is proposed and applied to. the Quadratic
Assignment Problem (QAP). Tt is shown that the proposed algorithm can obtain solutions equivalent to the
" best known solutions for large scale problems in short time: : )
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Flg 1 The mean values of L against the values of

~22=1. The dashed line is the linear interpolation
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Fig. 3 Change of the performance index value in the
proposed algorithm for “Wil100”. The vertical axis is

the relative difference from the best known value
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: Algorithm 1 Markov chain Monte Carlo algorithm

based on the oscillator model

1: construct the dynamical system (10} for the given

QAP instance
2: 0y :=small value

3: Lyyiy =00 :

4: M := size of the newhborhood

5 Ty = initial temperature

6: X (Po) = initial permutation matrix
Tapi=y+e(ekl)

8 for n="0to nmax do

9

repeat
10: choose M rows and columns randomly in the
matrix ©
11 give random initial values to the correspondj

ing M x M elexllexits f;; where the rest of the
elements are fixed to the values of @) :
12: calculate Eq. (10) to obtain the equilibrium so-
lution @@=+1). -
13: - until a feasible solution (@“’ﬂ“’ & XPat1)y is
 obtained ; ‘ :
14:  apply 2-opt method to. X Pn+1)

15 L(X®w)) < Lo then

16: Linin = L(X (p'"”))’ Xmm = X (Purt)
17:  end if

18 AL = L(X(P"“)) - (X (”"))

19 if AL > 0-then:

- 20: generate a random value r € [0,1]
2k if r > e~ AL/Tx then {rejected}
29: X(Pn+1) = X pn), (-)(Pz+1) 2= ©(Pn)
23: end if
24: end if
25: Thiyp=b: T, (b<1)
26: end for

27: output X ;. and me
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Table 1 Performance of the proposed algorithm

~Name N Min. (%) Mean (std.) (%) #(best)
Sko90 90 0 0.030 (0.042) 5/10
Skol00a 100 0 0.019 (0.024) 4/10
Skol00b 100 0 0.0070 (0.010) 1/10
Skol00f 100 0 0.047 (0.041) 1/10
Tail00a 100 0.071  0.21 (0.11) 0/10
Will00 100 0 0.0056 (0.0076) 2/10

0.090 (0.055) 0/10

Thol50- 150 0.0027-

- Fig. 4 Mean of the iterations of the time integration at
each iteration of the proposed algorithm as a function

of the time step At
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Fig. 5 Mean, standard deviation and minimum of

the values of the performance index (relative difference

- from the best known value) as a function of the time

step At

T FEH
AZE T, R FREZAVES S RELH

FEORREERELE. RETHNERIBVTE, QAP

DRI T BRAFD ) Y =05, HERICEEN BT
VROV T A=Y DEEBINZE S L, FHEED
EODE NS OPSICEROICENS T & HHERART,
BIUKERFIC L DREhE. COMBRB LI, <
w:7ﬁﬁ%>%ﬂwmﬁkéao< FPHIY XLER

E L. QAPLIBOWK Ob)@?‘iiﬁfﬁﬁ?ﬁxgﬂkﬂﬁﬁ L

E#R, RESTIBOA TV 2RRBL RS RILED
B, FRCEHRIRDES I LTI NE.

SE X

1} Pardalbs, P. M., Rendl; F. and Wolkowicz, H.: The
Quadratic Assignment Problem: A Survey and Re-

cent De‘velbpménts, in. Pardalos; P.and Wolkow-

icz, H. eds., Quadratic Assignment and Related

- Problems, Vol. 16 of DIMACS Series in Discrete
Mathematics and Theoretical Computer Science, pp.
1-42, American I\'Iat.hematical Seciety (1994).

- 2) Rangarajén, A, Gold, S. and Mjolsness, E: A

- Novel Optimizing Network Architecture with Appli-
'catlons, Neural Computation, Vol. 8, pp. 1041 1060
(1996) : ;

Constrained Neufal Ap—

‘proaches to Quadratlc Ass%nment Problézns, N euml
Networks, Vol. 11, pp. 1073-1082 (1998). ‘
4) Ishii, S. and Nutsuma H.: A-opt Neural Approaches
to Quadrd.tlc Assignment Problems,;Neuml Compu-
tation, Vol. 12, pp. 2209-2225 (2000).
5) Sahni, S. and Gonzalez; T.: P-Complete Approx-



imation Problems, Journal of the Association for
Computing Machinery, Vol. 23, pp. 555-565 (1976).

6) Burkard, R. E., Karisch, S. and Rend], F.
QAPLIB - A Quadratic - Assignment . Prob-
lem Library, Journal of Global Optimization,
Vol. 10, pp. 391-403 (1997), Updated version: ‘
http://www.imm.dtu.dk/~sk/qaplib/.

7) Metropolis, N., Rosenbluth, A. W.,  Rosen-
bluth, M. N., Teller, A. H. and Teller, E.: Equa-

" tion of state calculation by fast computing niachines, .
Journal of the Chemical Physics, Vol. 21, pp. 108:—
1092:(1953).

8)iEﬁﬁ;ﬁMEﬁjﬂE%%:%M%@%%mtﬂ
L BBECRIEORMMEE, £ I0BERSB AT
LU RU Y LEH, pp. 235-238 (1998).

5 HFEMORESRME (18) DI
oy <1 LD, HEROP ILEMIICKRD L SITRD
5ha. ‘ S
1‘—%— cosfy; 1}« A L :
_"_T_J Ty {1 B §$ > (@55bipry + “j'jbp(a")i)} ‘
< |
| (G,7)€I?) (19

0;; -9,J+60L, é:ia% (10) X% 903 oV THIRAL
TLRA 2 '

85 ~ —izy-ée,-,- (i, j) er?);: (20)

L Sy mfees (G (1)
LT, HERDEERERRATEIENE.

Fii <0 ((h4) ¢ I?) (22)

(19) % (92) CRAL, @) €17 L.owcq:fwaa
: {kitéfﬁé

L(X(’”) @)

1
2N Z(au'btp(}) +ay JbP(J i) (24)

, ) i.5.5"
c o, X0 EHame O ITxtit L BEITIITH 3.
L(X®) iz X» 0B cH D, ﬁ?leoT&’)i D%
hed, FE-TEEARED T EAREATVS 9.
£oT, (18) A&#H 3.

I}(X(")) —

—2=



