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I. INTRODUCTION 
1.1 Multiple Traveling Salesman problem 
The multiple traveling salesmen problem (MTSP) is generalization of the traveling salesman problem (TSP), In 
TSP a salesman visits all of the cities exactly once and back to the starting city whereas in MTSP, The MTSP 
can be defined as follows: Given a set of nodes (cities), let there be m salesmen located at a single source node 
(city). The remaining nodes (cities) that are to be visited are called intermediate nodes. Then, the MTSP consists 
of finding tours for all m salesmen, who all start and end at the source node (city), such that each intermediate 
node is visited exactly once by only one salesman and back to the source node (starting city)  and the total cost 
of visiting all nodes is minimized [30].  
Given a collection of n cities and the distance (travel cost/distance) of travel between every pair of city must be 
partitioned into m tours for m>1 salesmen to serve a set of n>m cites. The objective of MTSP is to find the set 
of closed tour with minimum cost of visiting all of the cities exactly once and back to the starting city. The 
objective is minimizing the total cost (distance) traveled by all salesman and minimize the maximum distance 
traveled by any one salesman. This problem can be modeled using graph theory, where cities are represented by 
node and roads between the two cities are represented by edges and the cost of travel from one city to another 
city will be the weight of edges. This type of problem is modeled in graph theory. Given a weighted graph G = 
(V, E, w), where V is the set of node representing cities, E is the set of edges representing  roads and w is weight 
(cost/distance) between each pair of nodes. A closed tour in which all the vertices are distinct which is known as 
Hamilton cycle. Finding set of m Hamiltonian cycles with minimum travel cost in the weighted graph gives the 
desired solution. i. e. total cost of visiting all nodes is minimized. The cost between cities is represented by 
matrix, known as cost matrix C = (cij), i, j = 1, 2, · · ·, n. In cost matrix C the (i, j) th entry cij, represents the cost 
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of travel from ith to jth city. The matrix C is said to be symmetric when cij=cji, ∀ (i, j) ∈  E and asymmetric 
otherwise. Based on Integer Linear Programming, formulation for the MTSP is defined as follows: 
Let the decision variables 
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                            Where {0,1}ijx ∈  is a binary variable whose value indicates whether a salesman visits next city or not. If 

variable 1,ijx = a salesmen selects an edge on the tour for travel, if variable 0,ijx = a salesmen does not 

selects an edge on the tour for travel, Equation (2) describes the total cost to be minimized and Cm represents the 
cost of one salesman’s participation. Equation (3) and (4) ensures that exactly m salesmen depart from and 
returns back to node 1. Equation (5) describes that a salesman can only enter the city j  for one time, Equation 

(6) describes that a salesman can only departure from the city i  for one time, i.e. Equation (5) and (6) describes 
that a salesman visits each city only once. Equation (7) is used to prevent sub-tours, which are degenerate tours 
that are formed between intermediate nodes and not connected to the origin. 
 
1.2   Literature Review 
Since TSP and MTSP belongs to a class of NP-hard combinatorial optimization problems, which has many 
applications in different engineering and optimization problems. In recent years, many heuristic or meta-
heuristic algorithms have been developed for solving the NP-hard optimization problems, such as Simulated 
Annealing [8], Genetic Algorithms [10], [11] and Particle Swarm Optimization [9], etc. The most common 
application of MTSP are in the area of scheduling and routing e.g. military search and rescue operations [1], 
interview scheduling [2], A columnar competitive model (CCM) of neural networks incorporates with a winner-
take-all learning rule was employed to solve the MTSP [3], workload balancing [5], mission planning [31], 
School bus routing problem [7], Crew scheduling [32], design of global navigation satellite system (GNSS) 
surveying networks[6] etc. 
Finding global solution for TSP problem within affordable computational resources is difficult. Instead of global 
optimal solution, a suboptimal solution with reasonable computational load is obtained and it will further pruned 
for global solution using heuristic concept. A comprehensive survey on heuristic methods is available in [12], 
[13] and references there in GA is an iterative, population based, heuristic search technique for solving MTSP. 
Tang et al. [14] proposed a GA with one chromosome representation for MTSP problem to solve the hot rolling 
production scheduling problem. Song et al. [15] proposed an extended simulated annealing approach for the 
MTSP. Malmborg [16] and Park [17] solved MTSP using genetic algorithm has focus on vehicle scheduling 
problem. The Carter and ragsdale [18] modeled as the MTSP for vehicle scheduling problem that uses a new 
two part chromosome representation. Brown et al. [19] proposed a grouping GA that uses a chromosome 
presentation. Singh and Baghel [20] proposed a grouping GA that uses different chromosome representation and 
different crossover and mutation. Liu et al. [21] presented an ant colony optimization algorithm for MTSP. 
Yousefikhoshbakht [24] proposed modification of the ant colony optimization for solving MTSP. Yuan et al. 
[22] proposed a new crossover approach for MTSP with two part chromosome crossover (TCX) using GA. 
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Venkatesh and Singh [23] proposed two meta-heuristic approaches based on artificial bee colony and invasive 
weed optimization algorithm for the MTSP 
.   

II. CHROMOSOME REPRESENTATIONS FOR THE MTSP 
 In this section, we introduced different techniques for chromosome representation, which are commonly used 
when solving MTSP using GAs. We also discussed their properties, weaknesses and benefits for solving MTSP. 
 
2.1 One Chromosome Technique 
In the one chromosome representation a solution for the MTSP represented by using a single chromosome of 
length n+m −1, where n represents a permutation (tour) of n cities with integer value ranging from 1 to n and m 
represents number of salesman. The solution chromosome is divided in to m sub tours by inserting m −1 dummy 
negative integers that represents the change from one salesman to another. Therefore number of possible 
solutions are (n + m-1)!. However, many of the possible chromosomes are redundant. The one-chromosome 
technique is given in [4, 19]. For example in Fig.1, (Where n = 10 and m = 3) the first salesman will visit cities 
1, 3 and 10, the second salesman will visit cities 9, 5 and 8, and the third salesman will visit cities 7, 4, 6 and 2. 

Cites

 

1 3 10 -1 9 5 8 -2 7 4 6 2 

 

Salesman 1           Salesman 2                           Salesman 3 

Fig.1. Representation of one chromosome technique for a 10 city MTSP with three salesmen 

 
4.1 Two Chromosome Technique  
In the two chromosome representation a solution for the MTSP represented by using a double chromosome of 
length n. one-chromosome represents a permutation (tour) of n cities with integer value ranging from 1 to n and 
the other chromosome represents city assigned to a salesman. The two-chromosome technique is given in [18], 
[19], [20]. For example in Fig.2, (Where n = 10 and m = 3) the first salesman will visit cities 1, 2, 6 and 9, the 
second salesman will visit cities 5, 7 and 10, the third salesman will visit cities 3, 4 and 8. In this method there 

are ! nn m  possible solutions to the problem where n is the number of cities and m is the number of salesmen. 
However, many of the possible solutions are redundant. For example, given in Fig.2 the first two genes in each 
of the chromosomes can be interchanged to create different chromosomes that result in an identical (or 
redundant) solution.  
 
 
 
 
 
 
 
 
 
 
 
 
4.1    Two-part chromosome technique 
In the two-part chromosome representation a solution for the MTSP represented by using a two part of the 
chromosome. The first part of the chromosome of length n represents a permutation (tour) of n cities which 
value is integer from 1 to n and second part of chromosome of length m gives the number of cities assigned to 
each salesman. Therefore, in this representation the total length of the chromosome is n + m. The values 
assigned to the second part of the chromosome are constrained to be m positive integers that sum are equal to 
number of cities to be visited. The two part chromosome technique is given in [18], [19]. For example in Fig.3, 
the first salesman will visit cities 1, 3 and 5, the second salesman will visit cities 9, 7, 4,  and 8, the third 
salesman will visit cities 6, 10  and 2. The two-part chromosome technique reduces redundant solutions. 
Therefore the size of the search space is also reduced. In the two-part chromosome technique for the MTSP, 
there are !n   possible permutations for the first part of the chromosome. The second part of the chromosome 

Cities 

1 3 5 9 7 4 8 6 10 
 
2 

 
Salesmen 

1 3 2 1 2 3 3 1 2 1 

 
Fig.2. Representation of the two chromosome technique for a 10 city MTSP with three salesmen. 
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represents a positive vector of integers 1 2( , ,..., )mk k k  that must sum equal to n. There are1
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Fig.3. Representation of two parts chromosome technique for a 10 city MTSP with three salesmen. 

 
4.1 Multi-chromosome technique 
In this method MTSP solution represents by a multi-chromosome. The length of first chromosome is1k , the 

length of second chromosome is 2k ,  and so on. Therefore total number of cities in multi-chromosome 

representation equals to
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=∑ . The multi-chromosome technique is given in [28]. For example in Fig.4, 

(Where n = 10 and m = 3) the first salesman will visit cities 2, 5 and 7,   the second salesman will visit cities 10, 
1, 8 and 9, the third salesman will visit cities 6, 4 and 3. Determining number of cites of the first chromosome is 

equal to the problem of obtaining an ordered subset of 1k  elements from a set of n elements. There is
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The length of the each chromosome represents a positive vector of integers 
1 2( , , .. ., )mk k k  that must sum to n. 
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It is equal to the two part chromosome 

representation but this approach is more similar to characteristics of MTSP. So it can be more problem specific 
therefore more effective. So our proposed method used multi-chromosome technique that gives better 
performance.   
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III. PROPOSED METHOD 
 The proposed hybrid method is an approximate method that depends on good heuristics alternate 
adequately between exploration and exploitation. The overall procedures of our hybrid algorithm that combines 
the Ant colony optimization tour construction, proposed crossover and 2-opt mutation heuristics. In the 
proposed algorithm, the main idea of algorithm is to create an initial population of tours by using simple Ant 
colony optimization tour construction heuristic. On use of ACO, for initializing population, the exploration 
space for solution is reduced and hence the search time, in contrast to random generation of population of 
tours/approximate solution. In ACO, the initial population of size P = m by using m ants , m ants start from m 
distinguish city to travel all city and return to its starting city in such manner that, each city travel only once 
except the starting city. The first step of algorithm is to generate an initial population of path by using Ant 
colony optimization tour construction heuristic. Also randomly generate population of break-points of tours for 
assigning number of nodes to each salesman for each tour. In the second step of algorithm fitness value is 
obtained for each tour in population. In the third step, randomly select five tours and its corresponding break-
points from generated population and population of break-points. After then replace first tour and its 
corresponding break-points with minimum cost among selected five tours and its break- points for crossover. In 
the fourth step, apply proposed crossover operator on the first two tours from the selected five tours with 
crossover probability rate (pc) after then generate two new children tour and its break-points. In the last step, 
apply 2-opt optimal mutation operator with minimum cost between new individuals that generated after 
crossover. After then update the population and its corresponding break-points. These processes can be repeated 
until termination condition is satisfied.  
 
3.1   Ant Colony Optimization  
Ant Colony Optimization is a population-based general search technique for the solution of difficult 
combinatorial problems, which is inspired by the pheromone trail laying behavior of real ant colonies. An 
important behavior of the ants is the foraging behavior and how they are able to find the shortest path between 
sources and their nest despite being almost blind. When ants move, ants can leave a chemical which called 
pheromone trail on the path to transmit information. The amount of pheromone corresponds to the quality of the 
solution found by the ants; and visibility information represents some forms of heuristic information, which is 
combined with the pheromone value in order to make decisions.  Ants tend to choose the paths marked by the 
strongest pheromone concentration. The indirect communication of the ants is to pheromone trails in order to 
enable them to find shortest path between source and destination. To apply ACO, the optimization problem is 
transformed into the problem of finding the best path on a weighted graph. 
Main characteristic of Ant System is that, at each iteration, the pheromone values are updated by all the m ants 
that have built a solution in the iteration itself cij  (i, j = 1, 2,…, n ) is the travel cost(distance) between cities. The 

amount of pheromone residual between ith city and jth city is denoted as ( , )i jτ .The heuristic function from ith 

city to jth city is denoted as η (i, j), which is equal to 1/cij. Initially, ants were assigned to cities randomly. Setting 
each path’s initial pheromone to be equal, ( , )i jτ  = constant. Ants move from ith city to jth city or select next jth 

city with probability 
k

ijP  is as follow: 
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where α and β are  the information stimulating factor and  expect factor, respectively. The method of updating 
pheromone is given in [21], [33]. The pheromone ijτ associated with the edge joining from ith city to jth city, is 

updated as follows: 
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where ijτ∆ is equal to ,kQ L if city ( , )i j belong to tour otherwise zero and kL is the length of the tour 

constructed by ant k. 'e’ is the evaporation rate; m is the number of ants and Q  is a constant. 
 
3.2 Proposed crossover operator 
In proposed crossover, the first city of chromosome s1 is copied to the first position on child c1 and the first city 
of chromosome s2 is copied to the first position on child c2. The remaining cites changed as procedure given in 
Fig. 6. For example in Fig. 5, the first position of parents s1, s2 are copied to the first position in child c1 and c2 

respectively, remaining positions 2, 3, 4, 5, 6, 7, 8 and 9 cities are swapped as procedure given in Fig. 6. 
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3.3 2-Opt optimal mutation 
Basically, 2-opt mutation replaces two edge from a tour by two new edges that are not in tour such that the cost 
of new tour is less than that of the original tour [25][26]. This replacement process is continued till no further 
improvement in the cost of the new tour is possible, this is often referred to as 2-opt optimal.  Note that 2-opt 
mutation keeps the feasible tour corresponding to a reversal of a subsequence of the cities. 
The method proceeds  by replacing  two  non-adjacent  edges 1( , )i iv v+  and 1( , )j jv v + by two new edges 

( , )i jv v and 1 1( , ),i jv v+ + which  are the only other  two edges  that can  create a tour when the first two are 

deleted. In order to maintain a consistent orientation of the path by the predecessor-successor relationship, one 
of the two sub paths remaining after dropping the first two edges must be reversed [27]. For example, inverting 

the sub tour 1( ,..., )i jv v+   in tour 1 1( , ,..., , )i i j jv v v v+ + using 2-opt mutation, we get the tour 

1 1( , ,..., , ).i j i jv v v v+ + Finally, the change in the cost of the tour 1 1( , ,..., , )i i j jv v v v+ + and 1 1( , ,..., , )i j i jv v v v+ +

is given by: 

1 1 1 1( , ) ( , ) ( , ) ( , ).ij i j i j i i j jc v v c v v c v v c v v+ + + +∆ = + − −
     (11) 

The change in cost,∆, gives the clue of the improvement of the tour. This process is repeated till∆ is negative. 
2-opt process can be generalized to perform k-opt mutation that removes some k edges and adds k new edges. 

There are( )n
k

possible ways to remove k edges in a path and 1[( 1) !] * 2 kk −−  ways to reconnect the 

disconnected sub-paths (including the initial path) to recover the tour structure [27].  
In the proposed algorithm, the initial suboptimal solution is generated with the help of Ant colony optimization 
tour construction heuristic. The ACO tour construction heuristic reduces redundant solutions than random 
generation tour. And also, we use 2-opt mutation, which is sequential move and has less diversify population for 
next generation. But by using the combination of ACO tour construction heuristic and 2-opt optimal mutation, 
the exploration space for optimal tour gets reduced and hence the search time as well. Therefore the 
combination of ACO tour construction heuristic and 2-opt mutation refines the tour for global optimality and 
decreases time to get the optimal solution.  We found that the proposed method ACO+2opt mutation gives better 
result in comparison to other heuristic methods reported in [4], [22]. 

 
Table 1 Computational test conditions 

 
 

Table 2 Experimental results for minimising total travel distance 
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Table 3 Experimental results for minimising longest tour. 

 
 

IV. EXPERIMENTAL RESULTS 
4.1 Experimental setup 
For evaluating the performance of experimental results, Intel(R) Core (i5) 3.20 GHz processor, 4GB RAM on 
MATLAB is used. In this experiment, test problems are selected benchmark instances taken from the TSPLIB. 
The test problems are Euclidean, two-dimensional symmetric problem with 51, 100, and 150 cities. These 
problems are denoted as MTSP-51, MTSP-100, and MTSP150 cities. Table 1 represents the experimental 
conditions of 12 different problem sizes (n) and salesmen (m) combinations along with the run time for each 
type of problem. The termination criterion is the number of generations. The values of parameters used in 
experiment are: population size and number of ants(m) =100, α = 1, β = 1.5, initial evaporation (e) = 
0.01,  tournament selection =5, probability of mutation (pm) = 0.2  and crossover probability rate =0.85.  The 
performance of methods compared based on best, mean and standard-deviation (SD).  
 
4.2 Experimental results and analysis 
In this paper, we compared the proposed algorithm ACO+2opt mutation with recent algorithm as presented in 
[4], [22]. To evaluate the benefits of the proposed method, computational experiments were conducted to 
compare the performance of four crossover methods on a set of problems created for the MTSP. We compare 
the proposed method ACO+2opt mutation with other crossover methods like Group+GA, TCX, ORX +A, CYX 
+A and PMX +A. We conducted experiments for two objective functions. The first objective function is to 
minimize the total travel distance of all the salesmen. The second objective function for MTSP is minimizing 
the longest individual tour, which is also called make-span [28], [29]. Minimizing the longest tour balances the 
cities (or workload) among the salesmen and also minimizes the distance travelled by the salesmen. 
Minimization of the longest tour affects the fitness value as it gets decreased with the increasing number of 
salesmen. The test problems are Euclidean, two-dimensional symmetric problems with 51, 100, and 150 cities. 
In this paper we refer to these test problems as MTSP-51, MTSP- 100, and MTSP-150, respectively.  We 
perform 30 trails for our method. The comparative results are shown in Table 2 and Table 3. The best 
performance of the method for particular instance has shown in bold. It can be seen from the Table 2 compare 
the average solution quality of proposed method, Group+GA, TCX, ORX+A, CYX+A, PMX+A on Instances of 
MTSP51, MTSP100, MTSP150, whereas from Table 3 compare the minimising of maximum distance solution  
quality of proposed method, Group+GA,  TCX, ORX+A, CYX+A, PMX+A on Instances of MTSP51, 
MTSP100, MTSP150.  From the Table 2, it is clear that our proposed method gives better performance in terms 
of total travel distance for all instances with respect to all performance parameter.  From the Table 3, it is clear 
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that our proposed method gives better performance in terms of minimising longest tour for all instances with 
respect to all performance parameters, except MTSP150 for Best and Mean for m=10, MTSP150 for Best and 
Mean for m=20 and MTSP150 for Best and Mean for m=30. 
 

V. CONCLUSION 
In this paper, we have discussed a new proposed hybrid algorithm ACO+2opt mutation for the MTSP. It is the 
combination of Ant colony optimization for tour construction heuristic, proposed crossover and 2-opt mutation. 
We overcome the random initialization contamination by using ACO tour construction method. However, 
crossover and mutation used to maintain local optimality. Our proposed hybrid method has also a proposed 
crossover with a powerful local improvement 2-opt mutation heuristic. This combination affects the quality of 
the solution. The performance comparison is shown in Table 2 and Table 3. By comparing the results of the 
proposed hybrid algorithm with the standard algorithms as presented in [4], [22], it can be concluded that the 
proposed hybrid algorithm gives better performance. Furthermore, proposed algorithm can be applied to other 
versions of the MTSP and combinatorial optimization problems like vehicle routing problem, school bus routing 
problem and the sequencing of jobs for better result.     
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