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Adaptive Simulated Annealing for Maximum Temperature

MiITSUNORI MIKI,* TOMOYUKI HIROYASUt and TAKESHI JITTAt

It is difficult to determine the appropriate temperature parameters, which control the ac-
ceptance probability in Simulated Annealing, which is a typical meta-heuristic method in
the optimization methods. In this paper, we propose a new simulated annealing method
that determines the maximum temperature adaptively. The proposed method is base on an
important temperature where optimum solutions sought effectively. And it determines the
maximum temperature by finding an upper limit of the important temperature in a heating
process from the lowest temperature. Using this method, the total annealing steps can be
decreased to half without making the accuracy of solution worse. We apply this method to
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some of the Traveling Salesman Problems and confirmed its effectiveness.
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Fig.1 Results of SA with constant temperature (ch150).
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Table 1 Important temperature ranges and error ratios
for various TSPs.

Problem Timp Error ratio
a280 1.505 0.85
ch130 5020 1.06
ch150 60 18 0.51
d198 4020 0.36
eil51 104.5 0
gil262 1.203 1.26
kroA100 300 80 0.27
pr76 1300 600 0.19
prl44 750 250 0.37
ulb9 600 150 0.74
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Fig.2 Relationship between the maximum temperature and the accuracy of solutions.
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Fig.3 History of the tour length and important
temperature for sequential SA (kroA100).
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Table 2 The temperature where the solution becomes
worse than the local minimum after it becomes
better.

Problem Timp. Tadapt MaxT
a280 1.505 8.91 417
ch130 5020 21.8 1284
ch150 60 18 26.8 1176
d198 40 20 29.22 5914
eil51 104.5 4.5 114
gil262 1.203 5.2 117
kroA100 300 80 112 21282
pr76 1300 600 700 31811
prld4 750 250 344 17944
uls9 600 150 196 9455
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Table 3 Comparison between the solutions for SA and ASA/MaxT.
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Error ratio (%)
Best (%) Ave. (%) Worst (%)
Problems SA ASA/MaxT SA ASA/MaxT SA ASA/MaxT 0O
a280 0 0| 0.24 0.54 1.2 2.17
ch130 0 0.08 1.06 1.26 2.47 2.39
ch150 0 0.06 | 0.72 0.86 2.27 2.48
d198 0.07 0.1 0.34 0.55 1.05 3.36
eil51 0 0 | 0.13 0.17 | 0.47 0.7
gil262 0.17 0.13 0.96 1.12 2.57 2.06
kroA100 0 0 | 0.64 1.05 1.72 5.46
pr76 0 0 | 0.54 0.61 1.32 1.08
prl44 0 0 | 0.52 0.37 1.53 1.41
ul59 0 0 | 0.65 1 1.52 7.02
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Fig.6 Total annealing steps for various T'SPs.
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