
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-2, December 2019 

2523 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: B7119129219/2019©BEIESP 
DOI: 10.35940/ijitee.B7119.129219 
Journal Website: www.ijitee.org 

 
Abstract: This is a heuristic investigation with risk constraint 

for solving the traveling salesman problem (TSP) dividing given 
vertices (nodes) between a prespecified number of clusters. A 
Heuristic based Genetic Algorithm (HbGA) is applied on each 
cluster to produce a Hamiltonian path based on prespecified 
nodes of a cluster. Each cluster must have a unique set of nodes. 
Finally, all Hamiltonian path of each cluster together prepare a 
possible Hamiltonian cycle. The efficiency of our proposed 
algorithm has been tested for a number of symmetric TSPLIB 
instances of various sizes. The computational results show the 
proposed algorithm works well in realistic manner. 

 
Keywords: Cluster TSP, HbGA, Heuristic.  

I. INTRODUCTION 

The clustered traveling salesman problem (CTSP) is a 
modified form of Traveling salesman problem (TSP). At first 
Chisman [2] has said about CTSP. During last two decades 
different researcher has taken distinct approaches to solve 
cluster traveling salesman problem (CTSP). Few of them are 
New Hybrid Heuristic approach by Mario Mestria [11], using 
Neighborhood Random Local Search a heuristic approach by 
Mario Mestria [10], another approach is based on with 
d-relaxed priority rule by Hoa Nguyen Phuong et al. [12], a 
Metaheuristic approach by Tianjiao Zhang et al. [16], 
applying the Lin-Kernighan-Helsgaun Algorithm by Keld 
Helsgaun [3], etc. CTSP may be illustrated as follows: 
consider a complete nondirected graph G. Where, G= (V, E). 
Here set of vertices is represented by V and and set of edges is 
represented by E. Total number of nodes is N. Now, V= 
{v1,v2,v3…vn} and total given nodes are divided into K 
prespecified clusters. These proposed clusters are 
{C1,C2,C3,⋯,Ck} . A cost matrix COST = [costij]  is 

present here. It represents the travel costs, (distances or times) 
between one node to another node. The edge set 
E={(vi,vj):vi,vj∈V,i≠j} . The variation of CTSP is depend 

on different conditions. If we consider the number of clusters 
is two then it is called as a backhauls (TSPB) [6] TSP. When 
the number of clusters is not pre-specified, then it is called as 
free CTSP, where the number of clusters is not prespecified 
and it is determined dynamically.  
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The routing between clusters is determined simultaneously. 
All alterations of CTSP are also NP-hard problem like 
classical TSP. It is a fact, where CTSP is realistic. CTSP has a 
broad application like vehicle routing [1], warehouse routing 
[5], integrated circuit testing [4], production planning [4], etc. 
Chisman [2] first proposed that CTSP can be represented as a 
TSP by adding or subtracting a big impulsive constant I to or 
from the cost of every inter-cluster edge. Here we have 
upgraded our consideration about each edge of CTSP with 
COST as well as RISK also. Now a days where every travel 
has a big headache for risk factor. Shahparvari and 
Bodaghi[14] consider a risk reduction technique in perishable 
rescue items. Minimum cost and minimum risk 
simultaneously are not possible for every time. If it is 
happening then it is treated as exceptional. Normally, when 
cost is minimum, then minimum risk is not possible always. 
Few approaches, "Constraint guided search for aircraft 
sequencing" [13], "The Traveling Purchaser Problem and its 
variants" [9], "A Modified Genetic Algorithm for solving 
uncertain Constrained Solid Travelling Salesman Problems" 
[8], etc. Practically the use of CTSP is applicable when the 
number of nodes is large or very large. The standard TSPLIB 
instances has only cost matrix, but risk is not there. So, we 
have prepared a corresponding risk matrix.  
 Our proposed algorithm contains following key features:  

• Cluster creation  
• Genetic Algorithm (GA)  

• Probabilistic selection  
• Cyclic crossover  
• Random crossing point  
• Random mutation  

• Routing between clusters 
• Test on TSPLIB instances  

The present paper is prepared as follows: section 1, a short 
introduction is produced. In section 2, mathematical model of 
CTSP is discussed. In section 3, the proposed algorithm is 
presented. In section 4, numerical tests are finished. Again, in 
section 5, a brief discussion is given. Finally, in section 6, a 
conclusion with future scope is studied.  

II. CLASSICAL DEFINITION OF CTSP 

The CTSP is outlined on a loop-free undirected graph G, 
where=(V,E). Here V= set of vertex and E= set of edge. If the 
number of node is N, then, V={v1,v2,v3,⋯,vN}  and it is 

divided into K clusters. Here, K is pre-specified.  
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The pre-specified clusters are {C1,C2,C3,⋯,Ck} . A cost 

matrix COST =[costij] and a risk matrix RISK=[riskij] is 

present between ith  and jth  node. The COST matrix 
represents the travel costs and the RISK matrix represents the 
travel risks, which is defined on the edge set 
E={(vi,vj):vi,vj∈V,i≠j} . There is a decision variable yij, 

yij=1 iff a tour completed between vi to vj, else, yij=0. The 

mathematical model of CTSP can be represented as follows: 
Minimize Z=  
Subject to  =1 for j=1, 2,..N   
                    =1  for i=1,2,…,N 

⊆V, ≥1, k=1,2, 3,…,m 

.≤  

Where i≠j  and ϵ{0,1}, i,j=1,2,….,N 
 ……………………………………………(1) 
 
and Rmax is the maximum permissible risk. 

So, the above CTSP reduces to  

 







 

determine a complete tour  (y1; y2; ...;yN;y1)

to minimize  Z= 
i=1

N-1
 cost(yi; yi+1)+cost(yN;y1)

subject to   
i=1

N-1
 risk(yi;yi+1)+risk(yN; y1)

whereyi≠yj; i;j=1; 2...; N. 

  

……………………………………………..(2) 
along with the criteria to eliminate sub tour  

 








  
i∈U

N
  

j∈U

N
 yij≤|U|−1;∀U⊂Q   

………………………………………….(3) 
where Q is the set of all cities.   

III. PROPOSED HEURISTIC BASED GENETIC 

ALGORITHM (HBGA) 

A well-known heuristic based GA is used for solve the 
CTSP. Using GA or any other heuristic method we get a better 
solution for small size TSP or medium size TSP very easily. 
But when the size of TSP has increased then complexity 
increases in a parallel way. To overcome this problem, TSP 
transformed to CTSP, which is a variation of TSP. The 
proposed algorithm performs in three steps. At first, all nodes 
are divided into the pre-specified number of clusters. The 
number of nodes in each cluster may be the same or not. 
Second, each cluster is optimized using GA. Third, 
reconstruct a Hamiltonian cycle using all optimized cluster. 
All optimized cluster contains a Hamiltonian path, not cycle.  

A. Cluster creation 

The number of clusters is pre-specified. At first, we ensure 
the size of each cluster. Then, selected nodes are inserted into 
each specified cluster. It is clear that every cluster must 
contain a unique set of nodes. That is after the optimization of 
each cluster, generate a different and unique Hamiltonian 
path. 

Algorithm: 
1. Begin. 
2. State the number of clusters. 
3. Generate a random number(r) between (0 to N-1). 
4. Calculate the risk(R) from node r to each node.  
5. Select a node in a cluster depend on minimum risk(R). 
6. Ignore the node selected in step 5. 
7. Calculate the risk(R) from node r to each remain node. 
8. Repeat steps 5 to 7 until all nodes are distributed based 

on previous cluster size of each cluster.  
9. End  

B. Genetic algorithm (GA) 

Proposed algorithm has the concept of the generation of the 
cluster. Here given nodes are divided between pre-specified 
clusters based on subsection III A. Initially, each cluster 
contains a number of nodes. Based on these nodes initial 
population is created randomly. Each cluster strictly follows 
this step, and strictly GA is applied to each cluster to produce 
a Hamiltonian path. i.e GA is applied to optimize each cluster. 
So, our proposed GA is as follows.  
 Genetic Algorithm is a well-known randomized search 
method. There is a natural rule that, survival of the fittest 
among the species based on their gene architecture of the 
chromosomes. Gene structure constructed based on random 
change on it and it is evolved from one iteration (generation) 
to next. Every iteration with the following three operations. 
 (a) Selection: It is a stochastic process which simulates the 
quotation survival-of-fittest. An objective function took a 
vital role and based on it few chromosomes are copied from a 
predefined population of the chromosome. All selected 
chromosomes are used for the next operation. Our proposed 
algorithm uses the Boltzman’s probabilistic selection process 

[7]. 
 (b) Crossover: It is known as a binary operator. It works with 
a pair of parent chromosome. Parents are selected with a 
significant probability, and as a result, two new offspring 
chromosomes are prepared. Its importance in GA is very 
much. The proposed algorithm uses Cyclic Crossover [15] as 
a crossover operator. 
 (c) Mutation: It is known as a unary operator. It is applied to 
every chromosome with a small probability. The mutation 
also important part to diversify the GA search space. The 
proposed algorithm uses random mutation as a mutation 
operator. 
 GA starts with a randomly generated initial population and 
repeat the above three operations until the stopping criterion 
is satisfied. Crossover creates a new opportunity over GA 
generating new offspring chromosomes. An example of a 
successful heuristic algorithm to solve a classical TSP and its 
variations is GA. It never gives the guarantee about the 
optimal solution, but it can find a near-optimal solution in a 
concise time.  

C. Inter Cluster Re-linking                                                     

We aim to find a Hamiltonian cycle. Optimized each 
cluster have a Hamiltonian path. To produce a Hamiltonian 
cycle, we have maintained the following steps.  
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1. Store the number of clusters  
2. Store each Hamiltonian path of each cluster  
3. Calculate possible combinations of given clusters  
4. Arrange the cluster sequence based on combination 

sequence  
5. Merge each combination and prepare a final path  
6. Calculate the cost of each combination  
7. The Least cost combination is treated as best result of 

our proposed algorithm. 

D. Proposed algorithm 

1. Start  
2. Input the number of clusters.  
3. Define the size of each cluster.  
4. To determine the nodes for each cluster, do following 

steps: 
 (A) Generate a random number(r) between (0 to N-1). 
 (B) Calculate the risk(R) from node r to each node. 
 (C) Select a node in a cluster depend on minimum risk(R). 
 (D) Ignore the node selected in step (C). 
 (E) Calculate the risk(R) from node r to each remain node. 
 (F) Repeat steps (C) to (E) until all nodes are distributed 

based on previous cluster size of each cluster.  
5. After creation of each cluster with its respective nodes, a 

randomly generated population is prepared on the basis of 
stored nodes of each cluster.  

6. Proposed GA is applied to each cluster to generate a 
Hamiltonian path based on the specified nodes of each 
cluster.  

7. Prepare possible combinations of given clusters.  
8. Calculate objective function value of each 

combination(path).  
9. Find minimum cost (objective function value) among all 

combinations, this will be the best solution of our proposed 
algorithm.  

10. Stop  

IV.  NUMERICAL TEST 

Proposed algorithm is guided by few parameters, namely, 
probability of crossover (pc), probability of mutation(pm) 

and size (pv)  and population also termination condition. 

Proper functioning of GA depends on a proper selection of 
these parameters. Table-1 shows the performance of proposed 
Heuristic based GA with risk constraint (HbGAr) for few 
small and medium TSPLIB instances.  

Table 1:  The performance of proposed (HbGAr) for few small 
and medium TSPLIB instances (gr17  to  eil76) . 

Instance 
No Of 
Nodes 

Cluster Result Risk 
Cpu-Tim

e 
Gr17 17 2 3067 10.5 7.08 

Gr21 21 2 4640 9.94 10.04 

Gr24 24 2 1933 10.93 7.41 

Fri26 26 2 1333 13.66 8.79 
Bays29 29 2 3121 15.4 7.88 

  
3 3571 15.33 9.73 

 29 2 2700 14.37 7.8 
Bayg29 

  
3 3318 1376 10.87 

Ha30 30 2 682 17.14 9 

  
3 742 15.74 9.43 

 
 

4 1070 13.58 11.95 
Swiss42 42 2 2289 19.95 12.21 

  
3 2317 25 13.11 

  
4 3321 22.51 13.9 

Dantzig4
2 

42 2 1011 22.69 10.23 

  
3 1509 21.58 1010 

  
4 1393 19.21 14.69 

 48 2 7870 24.31 15.34 
Gr48 

  
3 10385 24.56 9.78 

  
4 12307 19.08 13.35 

 
51 2 747 27.2 12.42 

  
3 803 23.84 14.35 

  
4 873 23.81 14.06 

Berlin52 52 2 10738 26.06 10.39 

  
3 17777 25.94 12.09 

  
4 18344 22.53 12.36 

St70 70 2 1142 37.83 12.1 

  
3 1532 37.3 11.67 

  
4 1816 34.33 12.11 

Eil76 76 2 944 35.03 12.57 

  
3 1211 36.83 13.11 

  
4 1160 37.39 15.46 

Table 2: The performance of proposed (HbGAr) for few large 
TSPLIB instances (KroA100  to  KroA200)  . 

Instance No Of 
Nodes 

Cluster Result Risk Cpu-Time 

 
Kroa100 

100 2 49041 51.24 17.21 

    3 56907 47.25 16.04 

    4 64149 48.44 17.29 

 
Krob10

0 

100 2 53092 52.17 130.52 

    3 52906 47.19 131.14 

    4 56099 45.51 146.6 

 Rd100 100 2 14754 50.75 116.5 

    3 20620 48.96 129 

    4 20942 49.39 141.2 

 Eil101 101 2 1053 50.27 116 

    3 1465 54.34 122 

    4 1721 49.19 142.4 

 
Kroa150 

150 2 59481 85.27 160.71 

    3 67610 80.63 172.31 

    4 90468 79.43 185 

 
Kroa200 

200 2 67899 98.16 292.5 

    3 84969 98.94 324.7 

    4 105600 100.12 339.4 

  Table-2 shows the performance of proposed (HbGAr) for few large 
TSPLIB instances. Here, taken TSPLIB instances are larger than 
TSPLIB instances of Table-1.  

V. DISCUSSION 

This article is a special attempt to find out a way to solve a 
large-scale TSP in a convenient way. Here we have chosen the 
way as a cluster TSP(CTSP). Our proposed HbGAr algorithm 
is implemented by considering some parametric values as 
probability of crossover(pc),  
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probability of mutation( pm ), maximum number of 

chromosome as a population(pv) and maximum generation. 

This proposed algorithm is written in C++. It is clear from 
Table-1 that our proposed HbGAr algorithm has enough 
efficiency. Results shown in Table-1 based on 14 benchmark 
TSP references in TSPLIB. These ten instances are between 
17 and 76 cities. It is remarkable that our proposed HbGAr is 
efficient for all instances with a reasonable minimum risk. 
Here we have taken upto 200 cities problem as a large 
instance. Also, it is remarkably mention that, we got these 
better results within standard CPU time. From Table-2, it is 
clear that, the cluster size and the number of clusters is a big 
factor and everytime increasing number of clusters is not 
enough to get a good result. The number of clusters always 
and corresponding best result stictly depend on the instane. 
Because it is a heuristic approach not static or linear. From 
above discussion, we may come to an end that our proposed 
HbGAr is also applicable for solving real life optimization 
problems.  

VI. CONCLUSION 

The present study, a heuristic based genetic algorithm 
modeled to solve cluster TSP. Here we developed an 
alternative methodology, i.e., heuristic to the creation and 
re-linking the inter-cluster and used GA for optimizing the 
path in intra-cluster also. Finally, an optimized path is 
generated. Again, different numbers of the cluster are 
investigated because of such realistic happening found in the 
small-scale tourism industry. In the tourism industry, it 
oftenly found that a different number of sight scenery are the 
demand by every group of tourists. Since tourism is travel for 
pleasure and business, so management prepares different 
kinds of travel plan in that case such proposed cluster model 
effectively works. Here, minimum risk and maximum profit 
are two opposite directional standard key conditions. Without 
cluster attempt to solve such TSP using a heuristic process 
like using GA, is a big headache regarding CPU time and 
complexity. The main motto of our prescribed article is to 
demonstrate the efficiency of our proposed cluster TSP 
algorithm than any other conventional Genetic Algorithms. 
We got a set of the heuristic solution by applying our 
proposed GA on CTSP. The effectiveness of clustering 
method has been examined with few small as well as for few 
big TSPLIB instances. In the future, we can extend the 
algorithm using fuzzy distance for cluster creation and 
dynamic relinking of the inter-cluster also.  
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