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Abstract: In the Traveling Salesman Problem (TSP), the combinatorial number of routes increases exponentially as the
number of cities increases. The CPU time eventually increases exponentially. Therefore, for a large-scale problem, quality
solutions are difficult to obtain using a simple search method. This study proposes a solution method for TSP. The 2-opt
method and crossing detection are introduced into the Ant System method for resolving deterioration of the solution accuracy
by crossing of routes. The anticipated increase in CPU time is prevented and the solution accuracy is enhanced further by
improvement only in the crossing part of routes. Furthermore, a performance evaluation of the proposed method was
performed using a benchmark problem (TSPLIB) of 51–532 cities of TSP as a numerical experiment.
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1. Introduction
The Traveling Salesman Problem (TSP) (Lawler, 1985), which is an example of a combinatorial optimization problem,
is an NP-hard problem that is studied widely as the basic index for comparison of approximate performances of optimization
algorithms. Actually, TSP is closely related to problems in many research fields such as vehicle routing problems,
scheduling, circuit board design, IC board design, and VLSI design. Development of an algorithm that solves TSP efficiently
can make an important contribution to cost reduction and CPU time reduction in the fields described above.
In this problem, the combinatorial number of routes increases explosively as the number of cities increases. CPU time
eventually increases in an exponential fashion. Therefore, for a large-scale problem, quality solutions are difficult to obtain
using a simple searching method. In recent years, heuristics such as genetic algorithms (GAs) and simulated annealing (SA)
(Munakata, 2008) have been used frequently for TSP. However, these methods present important shortcomings. They take a
longer time before an optimal solution or suboptimal solution is obtainable. Moreover, setting of various parameters is
extremely difficult.
Ant Colony Optimization (ACO) (Dorigo, 2004) (Kaji, 2009) (Shirai, 2011) (Wang, 2012) is a method simulating the
actions of ants. An Ant System (AS) is the ACO developed for TSP. In AS, searching is performed while artificial ants move
to cities and thereby generate a circuit of routes. For routes connecting cities, pheromone intensity values are assigned. Each
artificial ant selects a route having a stochastically larger pheromone intensity from the city of origin, thereby generating a
circuit route. The pheromone intensity on each route is enhanced according to the total distance of generated circuit routes.
The solution accuracy of routes for TSP obtained using the AS method deteriorates locally by crossing of routes.
Therefore, this study investigates the 2-opt method and proposes a solution method that improves the solution accuracy. The
anticipated increase in CPU time is prevented. The solution accuracy is enhanced by introducing crossing detection and
improvement in only the crossing part of routes. Finally, a benchmark problem (TSPLIB) of TSP of 51–532 cities is used as a
numerical experiment for evaluating the performance of the proposed method.

2. Traveling Salesman Problem (TSP)
The Traveling Salesman Problem (Lawler, 1985) is a challenge for a salesperson, who must find a route having the
shortest possible distance. The person must start from a certain city, visit each city once, and ultimately return to the city of
origin. As a basic index for comparison of various optimization methods, TSP is widely studied. It is formulated as presented
below.
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