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Abstract  Simulated annealing algorithm is a classical nature-inspired computational method of
imitating physics, which has made outstanding achievements in researches of algorithm designing
and applications. In traditional simulated annealing algorithm, updating formula of annealing
temperature is definiteness by using a descent coefficient, which can be called the fixed setting
method of annealing temperature. By the method, the algorithm is difficult to skip unnecessary
search process and then causes waste of computational resource. And also, it often gives rise to
local searching early. In order to improve searching performance of the algorithm and save
computational resource, we propose adaptive annealing temperature setting methods based on the
relaxation model of the simulated annealing algorithm and theoretical estimation of the annealing
temperature, which sets the annealing temperature correlated with the problem’s objective
function values in this paper. Roughly, optimization problems can be divided into two categories,
saying numerical optimization problems and non-numerical optimization problems. So as to solving a
class of numerical optimization problems, an adaptive temperature setting formula with regular
compensation term is derived from the temperature estimation by using the regularization method
in numerical computations As for non-numerical optimization problems, a Metropolis-like criterion

for adaptive temperature setting is proposed by varying the estimation. Both adaptive temperature
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setting methods contain adaptive tempering mechanisms, which strengthen the optimization ability
and the exploration ability of the simulated annealing algorithm simultaneously. The experimental
results of numerical test problems show that the temperatures setting by the adaptive annealing
methods are closely related to the problem’s objective function values, and the annealing temperature’s
changes can reflect the search state of the algorithm synchronously. The experimental results of
non-numerical test problems also show that adaptive annealing temperature setting performs
better than traditional annealing temperature setting. So to summarize, the experimental results
show that adaptive annealing temperature method for simulated annealing algorithm is practicable
and effective. Traditionally, stopping criteria of the simulated annealing algorithm is definitive
and depend on a minimum temperature setting value in advance. That is, when the annealing
temperature descends to the minimum temperature value the algorithm stops, which often increases
invalid searches in the post period of the algorithm. In order to reducing unnecessary search
process and saving computational resource, stopping criteria for the simulated annealing algorithm
in solving the two classes of problems is proposed, which is suitable with those temperature
setting methods. The adaptive temperature values can be used as the criteria for stopping the
algorithm, for in the post period of the algorithm the adaptive temperature values will be small
and approximately equal consecutively, that is the stopping moment. In experimental verification and
analysis for the stopping criteria, we select some typical numerical optimization problems which
include simple unimodal functions, multimodal functions, rotated and shifted complex functions.
As for non-numerical problems, we select two classic NP-hard problems which are Traveling
Salesman Problem and 0-1 Knapsack Problem. The experimental results show that the adaptive
stopping criteria can halt the algorithm effectively and reduce unnecessary search process and save
computational resource. Those experimental results also verify the correctness of theoretical analysis
and inference. In the end, theoretical and experimental analysis show that adaptive annealing
temperature setting method and stopping criteria proposed in this paper are appropriate for the
simulated annealing algorithm.
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1. INITIALIZE Gy » Ty s Lo)

2. BEGIN

3. k=03 i:=iy; Ly:=Ly;

4. REPEAT

5. FOR n:=1 to L, DO

5 BEGIN

7 GENARATE (j from i);

8. IF f(jD<f(i) THEN i:=;

9 ELSE IF
exp{[ f(D)— f(j)]/Tv}>random[0,1)
THEN ;i :=j;

ENDFOR;

ki=k+1;

14. CALCULATE(T,) ;

15. CALCULATE (L) ;

SAABLGE K F 3.

16. Until stop criterion

17. END;
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Background

Simulate annealing algorithm, proposed by Metropolis in
1953, has been achieved many results in algorithm design
and application researches. Currently, with the decades of
research and development, the theoretical researches for the
algorithm on performance analysis and time complexity analysis
are based primarily on the Markov chain theory in the random
process, which obtains the total time complexity of specific
problems. It hardly to get the interpretation of the operating
mechanism and deduce instructional improved strategy. Due
to mathematics and physics which have robust theories and
rich methods, and modern complex dynamical systems such
as dynamical systems and statistical mechanics are compatible
with the evolutionary dynamics of evolutionary algorithms.
These methods can be implemented to the theoretical analysis
of nature inspired algorithms.

In this paper, the relaxation model, which built on the
classical gas transport theory, especially the BGK relaxation
equation, is proposed and established to model and analyze
the simulated annealing algorithm. Thus, by comparing the
searching process of the algorithm to the non-uniform gases,
a dynamical system model was established for the algorithm

before. By solving the model integrally a theoretical estimation

of annealing temperature was derived. Then, we propose
adaptive annealing temperature setting methods based on the
model, which set the annealing temperature correlated with
the problem”s objective function values. Additionally, a novel
stop criterion for stopping the algorithm process is given.
The numerical experiments show that the temperatures setting
by the adaptive annealing methods are closely related to the
problem’s objective function values, and the temperature’s
changes can reflect the search state of the algorithm synchro-
nously. And also verify the validity and applicability of the
proposed stopping criteria and the correctness of theoretical
analysis and inference.

The work is supported by the National Natural Science
Foundation of China (No. 61672391). The project is intended
to study the mathematical-physical models for nature inspired
computation and to design algorithms of nature inspired
computation by using theory and methods of mathematics and
physics. Up to now, the project team has proposed some
useful models, by which we obtained meaningful results in
theory and experiment for analyzing simulated annealing
algorithm and evolutionary algorithms. And progress is partly

made for this project.





