Vol. 38 No. 12 T AR Dec. 1997

Ry EIMEICH T 2HEENESBENICL S
Simulated Annealing &MDEH

I A N B N R

RRCTREBERERS T 7 ORFSEMEICH T % Simulated Annealing EO#EH &L FDOFE
HIZDOVTHRE LTWA, KEEIZZF0BYE LT, BORSESOBEE, SHRSTESOEEHIL
BIIAETH Y, INFBORENEL EOBRELERIILERZOBRLFHEL LTS, 205
¥, BEOEEBHOATIRAYUED L ) BOEREED 2., i LT, KR cEd—5its
FIETVAY - KAV POREEROLT - HEELNRAL, 77 7 5EREIIBT BHREROEE
BETH B left-to-right BE), right-to-left BEOMBNW TLENLEH L, oW BB LTI
AN, EEHRNEFET VRN EEBELER L. 351, BEO Simulated Annealing
EORRBEELRLLRIM 2 IR 2L H -2 EERRITHRELTEP 2T S, LEOKES
B EBEBEIC L D BICKE 2 & L% 12X 2 L Simulated Annealing BEOMRET L D FIEH L,
FORBMOMERTEMER L e o, 8010, SEFRLCHEERMEGEEHOMRz HEERIZL YR
L, Tabu Search B2 & A& & W LABEROMEELTHLOMILL., ThICL2 L, BETLIHE
i3 Tabu Search EWK LYV RKELMI VBB LML EE, F7:, TOFERMLIZIZEIBICHREC
BNy s EmAR S vz :

A Simulated Annealing Approach Using Random
Compound Move for Sequential Partitions Problem

TAIcHI KaJit and AZzUMA OHUCHI

This paper presents an approach based on simulated annealing algorithm for finding a mini-
mum cost partition of the nodes of a directed acyclic graph into subsets of a given size, subject
to the constraint that the precedence relationship are satisfied. The simulated annealing al-
gorithm imposes different randomized search and acceptance criteria on local search method
in order to escape poor quality local minima. The method generally can obtain solutions ar-
bitrarily close to an optimum. But a standard simulated annealing approach can’t find good
solutions for this problem, because the problem is complex multiple partitioning problems in
which the number of subsets and the number of nodes in each subset are unsettled. For this
problem, we use appropriate data structure for this method, and develop effective neighbour-
hood structure and new acceptance criterion. And, we assess the effectiveness of the developed
algorithm. The results show that this algorithm outperform the algorithm using tabu search
in solution quality and computational time. It is effective in obtaining near-optimal solution
to this problem. The running time of the procedure is proportional to the number of nodes
in the graph.
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Procedure simulated annealing
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if (x5 < f{x*) then x* = x""';
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end;
tmp = tmp X phi,
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end;
best solution = x*;
end;
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Fig.5 An alogorithm based on simulated annealing.
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Table 1 Computational result for various strategies.
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Table 2 Effect and running time by increasing number of

nodes.
100 200 300 400 500

Annealing 2623 | 5741 9145 12051 16468
B RE 2602 | 5669 | 9068 | 11960 | 16329
BEE 2652 | 5828 | 9209 | 12163 | 16578
time (sec) 53 117 176 243 317
Tabu 2675 | 5910 | 9260 | 12414 | 16979
time (sec) 56 120 186 251 322
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Fig.8 Number of nodes vs. computing times.

REGEOFPRCELRT. T2, MEEL DES
BICHBELREEREE ET A LATRENE. 205
G BELZ L5700 BENEDIIRELRToTwA
B, NFRA—=F% r =50 (ZHITLERD/IF A~-%
DHRBEOHPFETH D) LTHZLILLY, BOEY
BEACETSESZ &2, REMEB LUETERE
PIET2BEICTIFAZ LD TRETH . 20MD
T 71BN THU EOERPREN, REEEDE
LIRS Mz,

6. BbH) I

R SCTILERBA RS T 7 ORI SEREIC N
% Simulated Annealing DB & £ DFEEIZOW
THEET L7z, AREIIRT MR L 220 EMET
b, ROEEOEY, ERSEEOEZRIIFET
HEEMRT T 7 REMETH L7720, BEDEES
BOATIHELED L) BWERIIED 2V, ZhiC
LT, KX TE—Fr 577V 47 - KA
FOFIERWT - S EECFIA L, AEBE O
TIRARMEOER IS EbE TEF L7 left-to-right B
By, B U right-to-left BE)ZZEMIZHEABL, &5
CESH R RELEI) AR, BREN LB FEYH
WEIREIZEEBEEER L. 51T, LOETEL
RTWIRRIREELT RV BEM R I A 210X 5HE
BRI ERE LR E k> T b, REROEEBE



2418 IEHFRNIBFE ST/ R

I3 LT, O REEBHORAIICI VBIIK
&% L% 1T L2 L Simulated Annealing FEOMREY
LDEECEIEML, ZORMOIMFT IR R o7

¥/, SEFELIZESBHORMBE~OREL,
Tabu Search EIC X BfE L OB L - CTEXEFED
MR HEERICIVEL L., FRICEB L,
HERIE SRR ORMIEITR N5 LA, RES
%1 Tabu Search EIC X VRE AL ) BE LB
B, FOFTEREL ST 7OBELREICEESN
B2 L, BITHEABICHRBICEIT 2 @R S
ni.

SHROFEEL LT, BB, &t rEbse
5T EIE o TR TE 2184 DRE~? Simulated
Annealing FEOBEH B L PR ICOWTHRE 2 K A&
7zva,

2 % XK

1) Aarts, E., Korst, J. and Laarhoven, P.: A
Quantitative Analysis of the Simulated Anneal-
ing Algorithm: A Case Study for the Travel-
ing Salesman Problem, Journal of Statistical
Physics, Vol.50, pp.189-206 (1988).

2) Aarts, E. and Korst, J.: Simulated Annealing
and Boltzmann Machines, John Wiley & Sons
(1989).

3) Betts, J. and Mahmoud, K.I.: A Method for
Assembly Line Balancing, Engineering Costs
and Production Economics, Vol.18, pp.55—64
(1989).

4) Drexl, A.: A Simulated Annealing Approach
to the Multiconstraint Zero-One Knapsack
Problem, Computing, Vol.40, pp.1-8 (1988).

5) Johnson, D., Aragon, C., Mcgeoch, L. and
Schevon, C.: Optimization by Simulated An-
nealing: An Experimental Evaluation; Part
I, Graph Partitioning, Operations Research,
Vol.37, No.6, pp.865-892 (1989).

6) Kernighan, B.W.: Optimal Sequential Parti-
tions of Graphs, J. ACM, Vol.18, No.1, pp.34-
40 (1971).

7) Glover, F.: Tabu Search Part I, ORSA J.C.,
Vol.1, No.3, pp.190-206 (1989).

8) Glover, F.: Tabu Search Part II, ORSA J.C.,
Vol.2, No.1, pp.4-32 (1990).

Dec. 1997

9) Reeves, C.R.: Modern Heuristic Techniques
for Combinatorial Problems, BlackWell (1993).

10) Salveson, M.E.: The Assembly Line Balanc-
ing Problem, Journal of Industrial Engineer-
ing, May-June, pp.18-25 (1955).

11) K BEBRBELEL TV T X4 (BikHEE
IS, BHEE (1993).

12) by, KM BBERYSEIRRE AT 250
DALBR R DREEE L BRIF BT, SHRAESAH

#5, Vol.35, No.3, pp.364-372 (1994).

13) fuHh, KM : Tabu Search 2 & % HEFA KA M)
757 ORERTISEIRBEORE, BEFH (),
Vol.116-C, No.10, pp.1149-1157 (1996).

14) MR AT ea—AF1v 7R, BEEEL 7
VT AL IV, RS, pp.171-230 (1995).

15) PR, kW 797854757 0¥, #ir
HUE (1981).

16) IR, AR, FF7 . Tabu Search D% J 7 5
RA~OEH & EBRBET, EF&H (C), Vol.114,
No.4, pp.430-437 (1994).

(FR 8 4 5 A 29 HEA)
(FRL9 4F 9 A 10 HRER)






