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A Dynamical Monte Carlo Algorithm for a Combinatorial Optimization Problem

Based on Replicator Equations

(OTakehiro Nishiyama, Kazuo Tsuchiya, Katsuyoshi tsujita

Dept. of Aeronautics and Astronautics, Graduate School of Engineering, Kyoto University

Abstract:

We have proposed a model based on replicator equations for the quadratic assignment problem,

which is one of the hardest combinatorial optimization problems. In this paper, we propose a new algorithm
combining the proposed dynamical system with a local heuristic method similar to the simulated annealing.
By using the proposed dynamical system, the solution can be searched efficiently in a relatively large neigh-
borhood. The proposed method is applied to large scale problems, and it is shown that the method can obtain
approximate solutions comparable to the best known solutions in relatively short time.
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Fig. 1 Distribution of the feasible solutions
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l.ag:=1+c¢€

2. T := some initial value

3. X := some initial permutation matrix

4.4 := 0 (iteration)

5. while i < i,. do

5.1. Choose M indices randomly from N

5.2. Calculate corresponding M x M dynamical
system with random initial values and obtain
a k-permutation matrix Y (0 < k < M)

53. X :=YX

5.4. Apply 2-opt method to X’

5.5. X := X’ with probability (3_[L(X/)_L(X)]+/T7
where [a]T = max{a, 0}

56.7T:=b-T (b< 1)

57.1:=i+1

Fig. 2 Algorithm
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Table 1 Solutions of the proposed algorithm (%)

‘ M ‘ mean ‘ standard deviation ‘ minimum ‘

5 | 0.014 0.022 0
10 | 0.0021 0.0019 0
15 0.015 0.027 0

Table 2 Solutions of the proposed algorithm with dy-

namics and without dynamics (random) (%)

‘ mean ‘ standard deviation ‘ minimum ‘

0.0021 0.0019 0
0.015 0.017 0

dynamics

random
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Table 3 Performance
‘name ‘ N ‘ Lopt, (algorithm) ‘ L
Sko100a | 100 152002 (GEN) 152002 | 0
Sko100f | 100 149036 (GEN) 149044 | 0.0053
Tail00a | 100 | 21125314 (Re-TS) | 21161510 0.17
will00 [100| 273038 (GEN) 273038 |0
Thol50 | 150 | 8133484 (SIMJ) 8139894 | 0.079

| diff.(%) |
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