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Abstract 
The multi traveling salesman problem is the extension of the 
well-known problem of traveling salesman and considered as a 
NP-Complete problem having exponential solution space. MTSP 
is more complicated than TSP, because in MTSP first the cities 
must be divided between salesmen, and then the optimal order of 
cities for each traveling salesman should be determined. By 
looking at early studies, it is revealed that researchers had 
focused on MTSP less than TSP, and few studies have been 
done in this area so far. In this paper a new combinatorial 
algorithm named CGA-MTSP is proposed for solving MTSP 
problem which is a combination of Genetic Algorithm and 
Clustering Technique. The aim of this method is to reduce the 
travelled distance by salesmen. In the proposed method the 
Clustering Technique has been used intelligently to reduce the 
solution space of the mentioned problem. Experimental results 
show that the proposed algorithm (CGA-MTSP) leads to better 
results than other algorithms, but it requires more execution time. 
Key-words: 
Multi Traveling Salesman Problem, Clustering Technique, 
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1. Introduction 

MTSP is an extension of the well-known TSP problem, 
which was introduced for modeling more real world 
problems. In fact, we can use MTSP for solving problems 
such as multi traveling robots [1, 2], vehicle routing 
problems [3] and job planning by adding few limitations 
based on the type of problem. Some of the other usages of 
MTSP mentioned in [4] are: print press scheduling, crew 
scheduling, school bus routing, mission planning and the 
design of global navigation satellites surveying system 
network. 

The target of this problem is to find the shortest distance 
between cities randomly, such a way that each city visited 
only once [5]. 

Multiple traveling salesmen problem (MTSP) [6] is result 
of traveling salesman problem (TSP) [7], in this case the 
existence of one or more salesman is possible. Tt's 
obvious that MTSP is a NP-complete problem, since TSP 
is a kind of NP-complete problem. So its solutions are 

based on searching paths. The number of cities in MTSP 
is not clear, and salesmen must visit all cities. Here 
salesmen must start to travel from city 1 and return to that. 
In MTSP problem, n is the number of cities and m is the 
number of salesmen. Since the number of salesmen is not 
fixed, each salesman suffers from constant cost in each 
point of solution. The result of this situation is to reduce 
the number of salesmen and active solutions. 

Several heuristic based methods have been presented to 
solve the TSP problem, such as Classical Search Maps [8], 
Simulated Annealing [9], Artificial Neural Networks 
(Kohonen-type self-organizing maps) [10], Hopfield–type 
NNs [11], Genetic Algorithms [12], Evolutionary 
Programming [13], Ant Colony Optimization [14], Tabu 
Search [15], Fine-Tuned Learning [16], etc.  

Unlike the TSP, fewer studies have been done on MTSP. 
Bektas [4] introduced comprehensive formulations and 
solution procedures for MTSP, and indicated that exact 
algorithms are unable to solve MTSP problems, this way 
many heuristic algorithms have been proposed till now 
[17,18]. While Qu et al. have suggested competition – 
based neural network, Ryam et al. [19] have used tabu 
search for solving MTSP. 

Up to now genetic algorithm has been used for a large 
range of practical fields such as MTSP. In [20] a genetic 
algorithm based tendency used to solve MTSP, and Liew 
et al. [21] have presented a search based combined genetic 
algorithm to solve MTSP. Carter et al. [22] have 
researched on chromosome structure and genetic operator 
to achieve proper solution for MTSP. IN [23, 24] ants 
algorithm and 2- opt method based algorithms have been 
used to solve MTSP respectively. 

Hosseinabadi et al. [25] provided a new combined 
algorithm named GELS_GA for MTSP problem. The aim 
of the algorithm was to combine the public search ability 
of Genetic Algorithm and local search ability of 
Gravitational Emulation Local Search Algorithm to 
produce a stable algorithm to raise the possibility of 
reaching to a global optimum. 
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In [26] MTSP_GELS was introduced for MTSP problem 
which uses Gravitational Emulation Local Search 
Algorithm. This algorithm uses two parameter of four 
main parameters velocity, gravitational force in physics. 
The advantages of this method are high velocity of 
converging and get the solution, execution time and low 
value of evaluation function.  

In this paper a new method named CGA-MTSP has been 
proposed through the combination of Genetic Algorithm 
and Clustering Technique to solve the multiple traveling 
salesmen problem, the aim is to minimize the traveled 
distance by salesmen. In the proposed method the 
Clustering Technique has been used to efficiently reduce 
the solution space of problem.  

The proposed algorithm particularly show the traveled 
distance by salesmen and other important parameters. As 
will seen in comparison table, CGA-MTSP is superior 
than other algorithms. 

The remainder of the paper is organized as follows. First 
in section 2 the Problem description has been presented. 
Section 3 described the proposed algorithm. Then in 
section 4 the experimental results and in section 5 the 
conclusions have been presented respectively. 

2. Problem description 

In general MTSP is defined as follow: There exists a set 
of n cities and m traveling salesmen that in first step the 
cities should be divided between salesmen. Then the 
optimal order to visit the cities should be determined for 
each salesman so that each salesman just visits any city 
once and also the traveled distance by each salesman 
should be minimized. In addition to the mentioned 
definition, several other definitions exist for MTSP in [4].  
In this we considered the following limitations for MTSP 
problem. 

1. Each traveling salesman starts from different cities. 

2. For each traveling salesman a set of different cities are 
taken into account. 

3. Each city should be visited once by each salesman. 

The main objective in MTSP is to find a valid tour for any 
traveling salesman so that any salesman should cover the 
least distance to travel through all the cities dedicated to 
him/her, also the total cost (distance) to pass all cities by 
the salesmen should be minimized. 

3. Proposed algorithm  

The proposed algorithm (CGA-MTSP) has two steps. In 
first step cities are divided between traveling salesmen 
(Clustering Stage). In second step the order of visiting 
cities by each salesman is detected in a way that the 
distance traveled by each salesman and also the total 
traveling distance by all salesmen is minimized. In fact 
the proposed algorithm (CGA-MTSP), splits the MTSP 
problem to several TSP problems by using the Clustering 
Technique, in order to reduce the search space of problem.  

The following subsections describe the steps of the 
proposed algorithm (CGA-MTSP). 

3.1 Clustering 

As it was mentioned, the proposed algorithm uses the 
Clustering Technique with the help of Genetic Algorithm 
to convert MTSP into several TSP problems in the first 
step. 

To find a tour for small and large graphs (graphs with low 
and high numbers of nodes) in this paper, at first we make 
small size clusters from graph by using Clustering 
Technique, and then find a minimum cost tour for each 
cluster. We choose some nodes from each cluster with 
least distance to other clusters as cluster heads, and then 
we obtain a minimum cost tour between cluster heads by 
using Genetic Algorithm. Finally the tour cost for large 
graph is equal to the sum of internal tours in each cluster 
plus the cost tour of cluster heads. Then the optimal order 
of cities for each salesman is detected by using Genetic 
Algorithm in the second step. The structure of the Genetic 
Algorithm used in the first and second of the proposed 
algorithm which are similar together is described below. 

3.2 Chromosome representations 

The structure of chromosome in the proposed algorithm 
has been achieved from [22]. The first section of this 
structure shows the cities each salesman should visit 
respectively, and the second section determines the 
number of dedicated cities to each salesman. The sum of 
the positive integers in the second part of the chromosome 
must equal to the sum of all cities. Figure 1 shows a 
sample chromosome for 15 cities with 3 Clusters. 
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Fig. 1 Sample chromosome with 15 cities and 3 clusters. 

3.3 Fitness function 

Two kinds of fitness function are used in the proposed 
algorithm. The first fitness function is used for the 
clustering step. The amount of this function is equal to the 
sum of distances between the city placed at the head of 
each cluster and other cities of same cluster, added to the 
fitness amount of the maximum cluster (Max fit). This 
fitness function tries to dividing cities between the 
clusters in a balanced form. 

𝑓𝑓(𝑥𝑥) =

 ∑ ∑ ��𝑥𝑥1 − 𝑥𝑥𝑗𝑗�
2 + �𝑦𝑦1 − 𝑦𝑦𝑗𝑗�
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The second fitness function is used in the second step to 
achieve the optimal order of cities covered by each 
salesman. The amount of the second fitness function is 
equal to the total traveled distances by each salesman and 
the maximum amount of a salesman traveled (Max fit). 

𝑓𝑓(𝑥𝑥) =

 ∑ ∑ ��𝑥𝑥𝑗𝑗+1 − 𝑥𝑥𝑗𝑗�
2 + �𝑦𝑦𝑗𝑗+1 − 𝑦𝑦𝑗𝑗�
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𝑚𝑚
𝑖𝑖=1 +

𝑀𝑀𝑀𝑀𝑥𝑥𝑀𝑀𝑀𝑀𝑀𝑀      (2) 

3.4 Crossover operation 

Crossover operator of the proposed algorithm is based on 
minor mapping technique. This method has been 
introduced by Goldberg & Lingel [27]. In this method two 
genes of a parent chromosome are selected randomly. 
Then the parent chromosomes are divided into three parts 
by using these two genes. Two outside parts of these two 
genes (the part starting from begin till the first gene and 
the part starting from the second gene to the end of 
chromosome) are copied in the similar places of the first 
child, and then the cities between these two genes of the 
second parent are copied to the similar places of the first 
child, if the cities in the middle of second parent don’t 
exist in the first child, otherwise that places left empty. At 
last the empty places of the first child are filled with 
unused genes of the second father respectively. This 
procedure is repeated to produce the second child. Figure 
2 shows a crossover operator based on minor mapping 
technique. 

 

Fig. 2 Crossover operations based on minor mapping technique 
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3.5 Mutation operation 

In the proposed algorithm a swap operation has been used 
for mutation. To perform this operation first one 
chromosome is chosen as the parent, then two random 
genes are exchanged. 

4. Experiments results 

To verify the efficiency of the proposed algorithm (CGA-
MTSP), we compared it with GA algorithm in [22]. We 
implemented both of them in C# 2010 programing 
language on a Pentium (R) 4 CPU 3.00GH with 2.00 GB 
of RAM. Experimental results are discussed below. 6 test 
data and different number of cities are designed to 
evaluate the algorithms and cover the small, medium, and 
the large space problems. These test data have named 
TestX_n_m, where X means test number, n is the number 
of cities, and m indicate the number of salesmen required 
for multi traveling salesman problem. For each test data, 

algorithms have been performed 20 times independently. 
Table 1 shows the designed test data. 

Table 1: The designed test data. 

No. of 
Generation Pop. Mutation 

Rate 
Cross 
Rate SCavg Test 

1000 100 10% 80% 6.66 Test1_20_3 
1000 100 10% 80% 16.66 Test2_50_3 
5000 100 10% 80% 20 Test 

3_100_5 
15000 100 10% 80% 60 Test 

4_300_5 
30000 100 10% 80% 71.42 Test 

5_500_7 

50000 100 10% 80% 100 Test 
6_1000_10 
Figure 3 shows the results of performing GA algorithm on 
Test2_50_3 and figure 4 shows the results of performing 
CGA-MTSP algorithm on Test 2_50_3. Figures 6, 7, 8, 9, 
and 10 show the results of performing 2 algorithms on the 
other test data. 

 

Fig. 3 The results of performing GA algorithm on data of Test 2_50_3. 

 

Fig. 4 The results of performing CGA-MTSP algorithm on data of Test 2_50_3. 
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Fig. 5 The results of performing GA algorithm on data of Test 4_300_5. 

 

Fig. 6 The results of performing CGA-MTSP algorithm on data of Test 4_300_5. 

 

Fig. 7 The results of performing GA algorithm on data of Test 5_500_7. 
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Fig. 8 The results of performing CGA-MTSP algorithm on data of Test 5_500_7. 

 

Fig. 9 The results of performing GA algorithm on data of Test 6_1000_10. 

 

Fig. 10 The results of performing CGA-MTSP algorithm on data of Test 6_1000_10. 

Figure 11, shows the fitness diagram of performing both 
algorithms on some test data. It is clear that, in 
comparison with GA algorithm, the proposed algorithm 
CGA-MTSP could obtain better results in most cases. 

This improvement becomes more obvious while the 
problem becomes larger. This improvement is because of 
using clustering method in the proposed algorithm to 
reduce the solution space. 
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Fig. 11 The fitness diagram of performing both algorithms on some test data  

Figure 12 shows the balance diagram of salesmen in the 
proposed algorithm and GA algorithm. This figure shows 
that the proposed algorithm creates better balance among 
salesmen than GA algorithm in most test data. In other 

words, unlike GA algorithm where salesmen travel 
different distances, in the proposed algorithm CGA-
MTSP almost all salesmen travel the same distances.  

   
 

(a) Test1_20_3 (b) Test2_50_3 (c) Test 3_100_5 

 

 

 

(d) Test 4_300_5 (e) Test 5_500_7 (f) Test 6_1000_10 

Fig. 12 The diagram of the balance of salesmen in CGA-MTSP and GA algorithms for the test data

.Figure 13 shows the comparison of the execution time of 
GA algorithm and CGA-MTSP algorithm. As expected, 
while the number of cities increases, the problem gets 
larger and so the required time to obtain an optimal tour 
increases progressively. It shows that the proposed 
algorithm (CGA-MTSP) requires more time for execution. 
It’s because of using clustering technique to efficiently 
reduce the solution space of problem. 
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Fig. 13 The comparison of execution time of GA and CGA-MTSP 
algorithms 

Table 2 shows the overall results of performing 
algorithms. In this table the endurance rate (Err) is 
computed through the difference between the average 
fitness (Favg) and the best fitness (Fbest) divided by 
amount of best fitness multiplied by 100 for each test data 
which represents the reliability of the algorithm. Equation 
3 shows how the endurance rate is computed. 

Err = ( 𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎− 𝐹𝐹𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 )
𝐹𝐹𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

 ∗ 100                                    (3) 

Low endurance rate (Err) indicates the more reliability. 
As table 2 shows, the reliability rate of the proposed 
algorithm (CGA-MTSP) is less than GA algorithm in all 
test data, which shows that CGA-MTSP is more reliable 
than GA algorithm. 

Table2: The results achieved through performing the proposed algorithm and GA algorithm on test data. 

CGA-MTSP GA [22] 
Test 

Err(%) 
CTrun(S) 

Gbest Favg Fbest Err(%) Trun(S) Gbest Favg Fbest GATrun(S) 

0.0 
0 

21 4302 4302 3.37 2 70 4447.2 4302 Test1_20_3 
2 

0.44 
2 

227 6298 6270 5.86 7 665 6637.6 6270 Test2_50_3 
7 

0.58 
21 

1065 7851.83 7806 8.11 71 2925 8655.8 8006 Test 3_100_5 
67 

1.02 
151 

10011 13220.2 13086 1.75 1380 8813 14861.85 14606 Test 4_300_5 
1209 

1.02 
788 

25621 15853 15692 3.53 4972 24594 19120.2 18467 Test 5_500_7 
4869 

1.74 
6148 

43247 21557.33 21188 3.75 21770 48189 26863 25891 
Test 

6_1000_10 21528 

Fbest: best fitness                                                                                        Trun(S): run time of the algorithm                
Favg:average fitness                                                                                   CTrun(S): run time of clustering 
Gbest : number of generation                             GATrun(S): run time of the proposed algorithm after clustering             
Err(%): endurance rate 

 

The results of performing both algorithms on several test 
data demonstrated that the proposed algorithm (CGA-
MTSP) always lead to equal or better results in 
comparison with other algorithms. The improvement of 
the obtained results by proposed algorithm (CGA-MTSP) 
is more obvious in larger test data. That is because of 
using Clustering Technique to efficiently reduce the 
solution space of problem. On the other hand the use of 
Clustering Technique has caused to increase the required 

time for executing the proposed algorithm, but it is not 
considerable. 

5. Conclusion and Future Work 

In this paper a new method has been proposed for solving 
MTSP problem. This is a combination of Genetic 
Algorithm and Clustering Technique. The aim of the 
proposed algorithm is to minimize the distance traveled 
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by the salesmen. The main idea of the proposed algorithm 
(CGA-MTSP) is the use of Clustering Technique to 
efficiently reduce the solution space of problem. 
Experimental results showed that because of combining 
Clustering Technique with Genetic Algorithm, the 
proposed algorithm has high performance and leads to 
better results. The amount of this improvement is more 
obvious and considerable in larger test data. Experimental 
results also demonstrated that the proposed algorithm 
(CGA-MTSP) is more reliable than GA algorithm, but it 
needs more execution time that can be the disadvantage of 
the proposed algorithm. We would like to explore the 
effects of different types of operators and parameters on 
the performance and quality of solutions. 
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