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A Hybrid and a Time-Scalable Simulated Annealing based Solvers
for Traveling Salesman Problem
JISABF a2 FHREESE Bk

There are a lot of combinatorial problems in information society today, such as
vehicle routing, scheduling, transportation system and logistics system. They are
solved by “global optimization” or “real-time optimization” methods.

Traveling salesman problem, TSP, is one of these combinatorial problems to search
the shortest traveling route around many cities. It has commanded much attention of
mathematicians and computer scientists specifically because it is so easy to describe
the problem and so difficult to solve.

As a TSP solver, there is Simulated Annealing, SA. SA is a stochastic and
probabilistic optimization method after the annealing analogy in the solid-state physics.
SA uses randomly generated disturbance to search the solution space to avoid falling
into local minimum solution. The solution that increases cost function value can be
accepted probabilistically. It is known that the obtained solution by SA is the best one
in quality; however, the final solution is distributed according to the optimization
sequences, and it takes incredible long time to achieve it.

In this thesis, I propose a Hybrid SA based Solver, APE, to improve distribution
problem and a Time-Scalable SA based Solvers, TAPE, to improve the time consuming
problems.

APE, Annealing and Pair-wise Exchange Optimization, is integrated Pair-wise
Exchange method (PW) with SA to save distribution of the solution. At the higher
temperature APE uses normal SA, then switching a greedy method PW at the lower
temperature. According to the experiments, it is found that APE can achieve better
solution about 7 to 16% on average when with the switching temperature (TSW) is set
0.5. The study to find the TSW is a future work.

TAPE, a Time-scalable APE method, is to provide better solutions iteratively
according to the time. TAPE re-anneals an SA solution at the lower temperature
calculated by distribution of the cost function at the lowest temperature by APE.
According to the experiments on TSP benchmarks show that the execution times of
TAPE are shortened 17.1%, 21.2% on average than those of the SA. Furthermore TAPE
achieves a better solution in quality than SA in every case; they are about 4.2%~29.8%
better.

I expect proposed two new methods, APE and TAPE, can solve the solution
distribution problem and the time consuming problems of SA, and the possibility of
TAPE to apply “real-time optimization”.
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