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Abstract

Multiple Traveling Salesman Problem (MTSP) is one of the most popular
operation research problem and is known as combinatorial optimization problems.
MTSP is an extension version of the famous and widely used problem named
Traveling Salesman Problem (TSP). Because of its benefices in various domains,
many researchers have tried to solve that, and many methods have proposed so far.
MTSP is a NPNP -complete
complete problem so deterministic algorithms aren’t able to solve it
in a reasonable time and in most cases heuristic methods are used. We propose a
combination
mbination algorithm named at HGELS to solve MTSP in this paper. Our aim is to
minimize the distance traveled by salesman and also the cost of path traveling. In
fact, the proposed algorithm aims to balance the cost of path and distance.
Experimental results
results indicate that the proposed algorithm needs more time to run
than other algorithms, but in most cases has obtained better results.
Keywords: MTSP, Optimization, Genetic Algorithm, GELS Algorithm

1. Introduction
MTSP is an extension version of the famous and widely used problem named
traveling salesman problem. Since MTSP is able to coordinate more than one TSP,
MTSP is more suitable to model the real world situations. In fact by adding additional
closed constraints to the problem, we can use the MTSP model
model for solving problems
such as multi salesman robot [1,2], vehicle routing problem and job scheduling [3,4
3,4].
MTSP is more complicated than TSP, because cities must be assigned to each
salesman at first, and then the optimum order determined for each salesman.
salesman. This
problem is a kind of NP problems and heuristic methods are used to solve it.
So far many methods based on heuristic algorithms have proposed for MTSP, such as:
classical search maps [5], Simulated Annealing [6]], Artificial Neural Networks (NNs
NNs)
(Kohonen
Kohonen-type
type self-organizing
self organizing maps)
maps [7], Hopfield-type
Hopfield
NNs [8],, Genetic Algorithms
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(GAs) [9], Evolutionary Programming [10], Ant Colony Optimization [11], Tabu
Search [12], Fine-Tuned Learning [13], and so on.
However, the research on MTSP was limited. Bektas [14] introduced comprehensive
formulas and new methods for MTSP and showed that exact algorithms in [15,16]
obtain always unreasonable solutions. This way, many heuristic algorithms have
proposed for MTSP so far. Ryan et al. [17] used Tabu Search for solving MTSP while
Qu et al. [18] proposed competition-based neural network for solving the mentioned
problem.
Genetic algorithm is using many fields including MTSP. A genetic based approach is
proposed in [19]. Liaw et al. [20] proposed a combination genetic algorithm based on
Tabu Search for solving MTSP. Carter et al. [21] researched on chromosome structure
and genetic operations to reach a suitable solution for MTSP. Mohammadpour and
Yadollahi [22] combine the genetic algorithm and gravitational force to minimize the
traveled distance by salesman. Combined ant colony optimization and 2-opt based
method are proposed in [23] and [24] respectively for solving MTSP.
The proposed methods so far, aim at minimizing the traveled distance and didn’t
mention the cost to travel path. This way, in this paper we propose a combined
gravitational force to solve MTSP with the aim of minimizing traveled distance by
salesman and also minimizing the cost of traveling simultaneously. In fact the proposed
algorithm aims to balance the cost of path and distance.
The rest of the paper is organized as follow: problem description and GELS algorithm
are presented in section 2 and section 3. The proposed algorithm is in section 4.
Experimental results and conclusion are presented in section 5 and section 6
respectively.
2. Problem description
Generally, there is a set of n cities (nodes) and m salesmen in MTSP, in which several
cities assigned to each salesman at first, then the optimum order for salesmen to visit
cities is determined such a way that the following constrains are satisfied [13]:
1- Each city must be visited only by one salesman and only once
2- Traveled distance by each salesman must be minimized
3- The cost of travelling path for each salesman must be minimized
4- The initial city is common for all salesmen
5- The assigned cities to salesmen must be different (don’t have common cities)
The main purpose of MTSP is to assign cities to salesmen and determine the order to
visit cities such a way that travelled distance by each salesman be minimized, and
finally the total distance to travel all cities by salesmen is minimized. Figure 1 shows a
MTSP with 7 cities and 3 salesmen.
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Figure 1. An example of Multiple Traveling Salesman Problem [25]

The proposed algorithm’s aim is to minimize the cost of traveling path, in addition to
minimize the traveled distance by salesmen. In other words, that aim is minimize
distance and cost simultaneously which have considered less so far.
3. The GELS Algorithm
In 1997, GLS algorithm was proposed by Voudouris and Tesang [26] to search and
solve complex problems for the first time. In 2004, Webster [27] called this method
GELS (Gravitational Emulation Local Search) and was used as a powerful local search
algorithm for solving complex problems. The main idea of GELS is based on
gravitational force, which causes to attract objects with each other such a way that
heavy object has higher gravitational force and attract low weigh objects. The attraction
force between two objects depends on the distance between them.
In GELS algorithm, possible solutions in search space are divided to several
categories according to their fitness's. Each of these categories named a dimension of
the solution and there is initial velocity for them. Equation (1) computes the
gravitational force between current solution (CU) and candidate solution (CA). This
force (F) is added to velocity vector in the path of current motion. If velocity exceeds
the maximum value (threshold), maximum velocity becomes the current velocity, and if
the velocity becomes negative due to this force, the velocity is considered zero [28].
F=

G (Cu - CA)
R2

(1)

4. Proposed Algorithm
In this paper, a new algorithm named HGELS is proposed by combining Genetic
Algorithm and Gravitational Emulation Local Search for solving Multiple Traveling
Salesman Problem. The aim is to minimize the travelled distance by each salesman and
the total cost of traveling path simultaneously.
The idea is combine the local search ability of GELS Algorithm and public search
ability of Genetic Algorithm in order to facilitate the reaching a global optimum, and
also establish a balance between traveled distance and cost of traveling path.
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4.1 Chromosome Structure

In the proposed algorithm, one-dimensional array with the length of the number of
cities (n) plus number of salesmen display chromosomes is used. Indexes from 0 to n-1
are assigned to cities and indexes from n to n+m are assigned to salesmen. Figure 2
shows a sample chromosome.

Figure 2. Chromosome structure

In chromosome structure, the number related to each salesman indicates the number
of cities assigned to that salesman. For example, the number of the first salesman is 4, it
means that the first salesman must travel the first forth cities respectively.
4.2 Fitness Function

In the proposed algorithm, the aim is to minimize traveled distance and the total cost
of traveling path simultaneously. Equation (2) is travelled distance by salesmen and
Equation (3) is the required cost to travel path. Equation (4) is used to compute the
fitness of chromosomes.
(2)
(3)
(4)
(5)
To compute the fitness, it is necessary to set values α and β according to the
importance of distance or cost. For example, if we assume that α=0, the distance factor
isn’t considered in the problem and the proposed algorithm only minimizes the cost of
travelling path by salesmen, and if β=0, it means that cost factor isn’t considered and
the proposed algorithm only minimizes the traveled distance by salesmen.
4.3 Crossover Operation

In order to keep the diversity of chromosomes, we use two kinds of crossovers.
4.3.1

Single-point crossover

In this kind of crossover, a salesman is chosen randomly and then a random point in
its cities would be selected. Finally, the cities from the beginning to the random point
are shifted to child chromosome and the genes from random point till the end of
chromosome are converted and then shifted to the child chromosome. Figure 3 shows
the single-point crossover.
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Figure 3. Single-point crossover operation
4.3.2

Two-point crossover operation

In this kind of crossover, two random points from the cities assigned to salesman are
selected, and then two-point integration is performed. Figure 4 shows the two-point
crossover.

Figure 4. Two-point crossover operation

4.4 Mutation Operation

In this proposed algorithm, the exchange mutation operator is used. In this algorithm,
a salesman is selected randomly and then two genes of it exchanged. Figure 5 shows the
exchange mutation operator.

Figure 5. Exchange mutation operator

4.5 Population Optimization by Using GELS Algorithm

At this step, the proposed algorithm tries to improve the fitness of a part of
chromosomes. Several chromosomes are chosen randomly and then GELS Algorithm is
applied on them. In each iteration, GELS Algorithm gets each chromosome as a current
solution (CU) and optimizes them by applying its operations in several steps.
Figure 6 shows the pseudo-code of proposed algorithm.
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′

′

Figure 6. Pseudo-code of the proposed algorithm

5. Simulation Results
To simulate algorithms, the programming language C#.Net 2014 is used. Programs
were run on a computer with 2.4 GHz Pentium-IV processor and 4GB RAM.
The proposed algorithm (HGELS) is compared to GA algorithm [21]. GA algorithm
optimizes only traveled distance by salesmen. So, we set parameters α=1 and β=0 in
order to the proposed algorithm minimizes only traveled distance by salesmen.
To compare the algorithms, 19 various random data test with different numbers of
cities and salesmen is designed to discover small, medium and large space problems.
Each data test is named as Test X_N_M. N is the number of cities, and M is the number
of salesmen.
Table 1 shows the obtained results of testing the proposed algorithm (HGELS) and
GA algorithm on designed data tests. In this table, the column Run Time indicates the
required time to run the algorithm, and the column Best Fitness shows the best result of
the algorithm.

136

Journal of Advances in Computer Research

(Vol. 7, No. 3, August 2016) 131-142

Table 1. The results obtained from data tests
Test Number
Test1_20_2
Test2_20_4
Test3_50_2
Test4_50_4
Test5_50_8
Test6_80_2
Test7_80_4
Test8_80_8
Test9_100_2
Test10_100_4
Test11_100_8
Test12_150_2
Test13_150_4
Test14_150_8
Test15_150_10
Test16_200_2
Test17_200_4
Test18_200_8
Test19_200_10

GA [21]
Best Fitness
4636
4975
6582
6068
6857
8790
7941
7736
9397
8214
8447
12248
10534
9848
10609
14386
12657
12569
11523

HGELS
Run Time
2
2
27
32
39
118
120
136
159
178
192
370
396
412
464
851
898
1095
1432

Best Fitness
4636
4975
6582
6068
6857
9058
8103
7720
9116
8703
8563
11528
10223
9434
9815
13537
12049
10521
10862

Run Time
10
11
95
108
114
352
407
473
650
729
764
932
968
1401
1537
2167
2270
2850
3286

Table 1 shows that the proposed algorithm (HGELS) has obtained better results in
most cases than GA algorithm. Because in the proposed algorithm, local search ability
of Gravitational Emulation Local Search Algorithm is combined with public search
ability of the Genetic Algorithm. The improvement is more evident in larger data tests.
On the other hand, the proposed algorithm needs more time to run, because it’s a
combination of GELS Algorithm and Genetic Algorithm, which is a drawback of the
proposed algorithm.
Figures 7-10 show the results of the proposed algorithm (HGELS) and Genetic
Algorithm on various data tests.

Figure 7. The results of Test8_80_8 data
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Figure 8. The results of Test9_100_2 data

Figure 9. The results of Test15_150_10 data

Figure 10. The results of Test19_200_10 data
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Figure 11 shows the run times of the proposed algorithm (HGELS) and Genetic
Algorithm. As it seen, the required time to run both algorithms is proportion to the
number of cities and salesmen, and this time increases by raise them. This figure shows
that the proposed algorithm needs more run time than Genetic Algorithm.

Figure 11. Required run times of the proposed algorithm and Genetic Algorithm.

Table 2 shows the results of the proposed algorithm (HGELS) in three cases α=0, α=1,
and α=β=0.5 on various data sets. This table indicates that when α=0, the proposed
algorithm minimizes the costs of traveling path regardless of traveled distance by
salesmen. When α=1, the proposed algorithm minimizes traveled distance by salesmen,
regardless of the costs to travel path. Finally, when α=β=0.5, the proposed algorithm
balances the traveled distance by salesmen and costs to travel path, and tries to
minimize both parameters.
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Table 2. The obtained results from data tests for proposed algorithm
Test Number
Test1_20_4

Test4_50_4
Test7_80_4
Test10_100_4
Test13_150_4
Test17_200_4

Α
0.5
1
0
0.5
1
0
0.5
1
0
0.5
1
0
0.5
1
0
0.5
1
0

Β
0.5
0
1
0.5
0
1
0.5
0
1
0.5
0
1
0.5
0
1
0.5
0
1

Run Time
14
11
11
139
108
105
473
407
416
782
729
720
1156
968
984
2507
2270
2234

Distance
4994
4975
5013
6245
6068
6371
8430
8103
9628
8927
8703
9280
11059
10223
11934
12417
12049
13529

Cost
5280
6050
4260
80090
9840
7620
11200
13080
10560
10940
12830
107070
13750
15410
13080
16170
19630
15780

Fitness
5137
4975
4260
43167.5
6068
7620
9815
8103
10560
9933.5
8703
107070
12404.5
10223
13080
14293.5
12049
15780

6. Conclusion
The Multiple Travelling Salesman Problem (MTSP) is an extension of the famous and
widely used problem named Traveling Salesman Problem (TSP). Since MTSP is able to
coordinate more than one TSP, so MTSP is more suitable to model the real world
situations. Therefore, research in this field is valuable. On the other hand, traveling
salesman problem is a kind of hard problems and random search algorithms are used
more than public search algorithms to solve this problem. In this paper, a new algorithm
named HGELS is proposed to solve MTSP which is a combination of Gravitational
Emulation Local Search Algorithm and Genetic Algorithm. The aim is to minimize the
travelled distance by all salesmen and also the total cost to travel path simultaneously.
The idea of this algorithm was to combine the local search ability of the GELS
Algorithm and public search ability of the Genetic Algorithm to facilitate reaching to a
global optimum and also balance the traveled distance and cost to travel path.
Simulation results show that the proposed algorithm has obtained better results in most
cases, but require more time to run. The reason of it is the combination of GELS
Algorithm and Genetic Algorithm.
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