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Abstract. Simulated annealing is a general optimisation algorithm, based on
hill-climbing. As in hill-climbing, new candidate solutions are selected from the
‘neighbourhood’ of the current solution. For continuous parameter optimisation,
it is practically impossible to choose direct neighbours, because of the vast
number of points in the search space. In this case, it is necessary to choose new
candidate solutions from a wider neighbourhood, i.e. from some distance of the
current solution, for performance reasons. The right choice of this distance is
often crucial for the success of the algorithm, especially in real-world
application where the number of fitness evaluations is limited. This paper
explains how in such a case the use of a variable radius of this neighbourhood,
refereed to as maximum step width, can increase the over-all performance of
simulated annealing. A real-world example demonstrates the increased
performance of the modified algorithm.

1 Introduction

Simulated annealing (SA) is a robust general optimisation method that was first
introduced by Kirkpatrick et. al. [1], based on the work  of Metropolis et. al. [2]. It
simulates the annealing of a metal, in which the metal is heated-up to a temperature
near its melting point and then slowly cooled to allow the particles to move towards
an optimum energy state. This results in a more uniform crystalline structure and so
the process allows some control over the microstructure. SA has been demonstrated to
be robust and capable of dealing with noisy and incomplete real-world data [3,4].

Simulated annealing is a variation of the hill-climbing algorithm. Both start off
from a randomly selected point within the search space. Unlike in hill climbing, if the
fitness of a new candidate solution is less than the fitness of the current solution, the
new candidate solution is not automatically rejected. Instead it becomes the current
solution with a certain transition probability p(T). This transition probability depends
on the difference in fitness ∆E and the temperature T. Here, ‘temperature’ is an
abstract control parameter for the algorithm rather than a real physical measure.
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Fig. 1. Flowchart of the basic SA algorithm
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Fig. 4. Experimental set-up Fig. 5. Langmuir probe in Argon plasma
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Fig. 10. Comparison of methods; method 1 is a standard SA algorithm with small maximum
step width, method 2 is a standard SA algorithm with large maximum step width, and method 3
is a SA algorithm with step width adaptation

It can be observed that not only can the average fitness be improved significantly, but
also the robustness, i.e. the reproducibility, has been improved dramatically (smaller
error bars). That means the algorithm is more likely to reach the peak of the global
optimum. This makes it suitable for industrial applications, which usually require a
high degree of robustness and reproducibility.

4 Conclusions

For continuous parameter optimisation, selecting an appropriate maximum step width
smax for simulated annealing is always a compromise between accuracy and robustness.
If it is too small, SA has good exploitation capabilities but reduced chances of
reaching the global optimum to exploit it. If smax is too large, the algorithm has good
exploration capabilities, and hence is likely to find the region of the search space
containing the global optimum, but it then performs badly in the exploitation of this
region.

A solution to this problem is the on-line adaptation of the maximum step width to
either a SA parameter, like temperature or iteration, or to the fitness landscape. In this
research, the performance of SA in the optimisation of a Langmuir probe system has
been dramatically improved by adapting the maximum step width to the current
iteration. This has not only improved the average fitness for the system, it has also
improved the reproducibility of the results, which is of great importance for industrial
applications.
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