
Covering Solid Travelling Salesman Problem - 
An Algorithamic Study

Anupam Mukherjee*, Samir Maity**
Goutam Panigrahi***, Manoranjan Maiti****

*Department of Mathematics, National Institute of  Technology Durgapur,  Durgapur,  West Bengal - 713209, India, mukherjee.anupam.bnk@gmail.com
**Department of Computer Science,  Vidyasagar University,West Bengal - 721102, India, maitysamir13@gmail.com
***Department of Mathematics, National Institute of  Technology Durgapur,  Durgapur,  West Bengal - 713209, India, panigrahi_goutam@rediffmail.com
****Former Professor, Department of Applied Mathematics,  Vidyasagar University,  West Bengal - 721102, India., mmaiti2005@yahoo.co.in

Abstract

In this paper we model a Covering Solid Travelling Salesman Problem (CSTSP), a generalization of a 

two dimensional Covering Sales-man Problem (CSP) which is reduced to a Solid Travelling sales 

man problem (STSP) and solved by using a modified Genetic Algorithm (MGA). A salesman starts 

from an initial node and visits a subset of nodes only for once so that unvisited nodes are within a 

predetermined distance from the visited nodes, and comes back to the initial node. Here, a set of

conveyances is available at the above mentioned nodes and the salesman uses the appropriate 

conveyance for minimum cost. Thus the problem reduces to finding the optimal covering set of 

nodes and the proper conveyance for travel so that total travel cost is minimum. This reduced STSP is 

solved by an MGA, which consists of roulette-wheels election, cyclic crossover, 2-inversemutation. 

A teach selected node, a random mutation for vehicle is introduced. Hence the CSTSP is solved by a 

random search (RS) for covering set and MGA, i.e, RS-MGA. The model is illustrated with some 

randomly generated cost and distance matrices.
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Introduction

Travelling Salesman Problem (TSP) is one of the most well-known NP-hard problems, which can be 

defined as follows: Let N be a set of cities, c be the cost to node j from node i. The objective is to ij 

minimize the total tour cost when a salesman starts from an initial node, visits all the nodes exactly 

once and comes back to the initial node. In 1930, this problem was formulated. Different types of 
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TSPs were developed and generalized by many researchers, e.g, TSP with precedence constraints 

(Moon, 2002), stochastic TSP (Chang, 2009), symmetric TSP (Mestria, 2019), asymmetric TSP 

(Majumder, 2011), etc.

Covering Salesman Problem (CSP) is a generalization of TSP which was first introduced by Current 

and Schilling (Current, 1989). In CSP, unlike TSP, salesmen need not visit all the given nodes but a 

subset of nodes such that all other nodes be covered within a predetermined distance from the 

visited nodes. They developed a simple heuristic method to solve this problem consisting of two 

parts, first is the unicost set covering problem (SCP) to find a minimum number of nodes which can 

cover all unvisited nodes, and next to run TSP over different SCP solutions (if exist) to obtain a tour 

having a minimum cost. Two local search (LS) algorithms LS1 and LS2 (Golden, 2012) and an integer 

programming based LS (Salari, 2012) was proposed for CSP and later, a combined algorithm 

including ant colony optimization (ACO) and dynamic programming technique for the same 

problem was developed by Salari et al. (Salari, 2012).

Genetic Algorithm (GA) is an optimization procedure inspired by evolution theory. Different types 

of GA have been developed by many researchers, e.g., Adaptive GA (Xudong, 2013), Hybrid GA 

(Zhao, 2009), NSGA II, etc (DebP, 1995).

Solid traveling salesman problem (STSP) is same as TSP, in which there are several types of 

conveyances at each node which salesman (SM) can avail. Considering different types of 

conveyances and obstacles in each city, Changdar et al. (Changdar, 2013) introduced the notion of 

STSP in crisp and fuzzy environment. Later, Maity et al. (Maity, 2015) generalized the problem 

further in bi-random and random-fuzzy environments. They developed genetic algorithms to solve 

their models.

Covering Solid Traveling Salesman Problem (CSTSP) can be defined as CSP, in which there are 

several types of conveyances at each node for travel. The variety of conveyances may be different at 

different nodes. Till now, none has investigated this type of realistic problem.

Given a node set N. A salesman starts his tour from any one node and visits a subset N' of N, each 

node exactly once, such that all unvisited nodes are covered within a predetermined length from the 

nodes on tour and returns to the starting node, and at each node, the salesman chooses any one of the 

available vehicles bearing different travel cost. Considering multiple vehicles, we solve the above 

mentioned CSTSP in two steps. For the unicost set cover problem, we propose a simple heuristic 

method (random search (RS) algorithm) which inserts nodes randomly (each node can be included 

only once) and checks feasibility of set cover, i.e., whether the unvisited nodes are covered within a 

covering distance from the visited nodes or not. This yields naturally many solutions having a 

different number of nodes in a defined time interval. We mark the solutions with a minimum 
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number of the node. With these set of nodes, the problem is reduced to find the solution of STSP, 

which is solved by a modified genetic algorithm (MGA).

In MGA, roulette-wheel selection, cyclic crossover, 2-inverse mutation and random mutation for 

vehicles (at each node) are introduced. Thus the CSTSP is solved by a combined RS-MGA technique. 

Randomly generated 100�100 and 100�100�3 matrices for distances and costs respectively are used 

for illustration of the model.

The proposed MGA is tested with some standard test problems and results of Salari et al. ’s (Salari, 

2012) CSP are compared by proposed RS-MGA.

Mathematical Formulations

Covering Salesman Problem
Given a complete graph G=(N,A), minimize the total tour cost such that a salesman starts from an 

initial node, visits a subset N'    N of nodes in which no node is visited more than once and comes 

back to the initial node, so that each of the nodes not on tour are in a predetermined distance from at 

least one of the visited nodes. The mathematical formulation of this problem may be stated as:
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Equation (1) minimizes the total tour cost. Equation (2) ensures every node of the graph is either 

visited or is covered by the visited nodes. Equation (3) indicates that for a vertex, in degree and out 

degree are the same. Equation (4) implies the binary character of x and (5) is the sub tour elimination ij 

constraint, i.e., if a node is on tour, it is visited not more than once (only the initial node is visited 

twice).
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Covering Solid Traveling Salesman Problem
The problem may be stated as follows: Given a complete graph G=(N,A), minimize the total tour cost 

when a salesman starts from an initial node and visits a subset N'    N of nodes exactly once using any 

one of the available vehicles at each node and returns to the initial node such that all unvisited nodes 

are covered within a predetermined distance from the visited nodes. Let at each node p number of 

conveyances be available and c(i,j,k) be the cost from the node i to node j using the kth vehicle, 

(k�{1,2,3,…,p}). Then the mathematical formulation is given below:



Solution Procedure

Proposed Algorithm: The proposed CSTSP is solved by RS-MGA method, consisting of the two 

steps: at first we solve the unicost set cover problem (SCP) to obtain minimum number of nodes that 

covers all unvisited nodes and in the next step, the solutions obtained from SCP are used for TSP 

(using MGA) to get the minimum cost tour.

RS for Set cover
In this procedure, we start by considering an arbitrary node in a null set and check the feasibility for 

set cover in each step. We keep adding a new node until the feasibility condition is satisfied. If at a 

certain step, condition for set cover is satisfied, we take that set cover result and search, within a 

predefined time interval, for another solution. If more than one solution is found in the time interval, 

we mark the solutions with a minimum number of nodes as optimal SCP solutions. We propose the 

algorithm as follows:
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Modified Genetic Algorithm for STSP
We modify a GA for STSP which includes roulette-wheel selection, cyclic crossover, 2-inverse 

mutation and random mutation (at each node) for the conveyances.

Initialization
In GA for solving TSP, a chromosome is represented by a complete tour. Let m be the number of 

chromosomes and n be the number of nodes, p be the number of vehicles and the vehicle set be 

V={v ,v ,...,v }. Then each chromosome X , (i=1,2,…,m) represented as X =(x 1,x 2,...,x n) and the 1 2 p i i i i i

corresponding vehicle set is represented as V' =(v' 1,v' 2,...,v' n). i i i i

For initialization, we make such chromosomes by generating random numbers from 1 to n such that 

each node occurs exactly once in a chromosome. The algorithm for initialization is as follows:
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The algorithms of conventional roulette-wheel selection, cyclic crossover,

proposed 2-inverse mutation and random mutation for vehicles are given below:
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Cyclic Crossover



BIMTECH Business Perspectives - (ISSN : 2581 9542)

09Covering Solid Travelling Salesman Problem - An Algorithamic Study

Procedure MGA for STSP

Thus the algorithm of MGA used for the solution of STSP is as follows:

RS-MGA algorithm for CSTSP

Ultimately, the algorithm of RS-MGA used for the solution

of the proposed CSTSP is as follows:
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Numerical Experiments

Verification with earlier results
As we discussed earlier, the proposed problem (CSTSP) contains two parts, unicost set cover and 

STSP. To justify the efficiency of the MGA algorithm implemented in C language, we picked up 

some benchmark problems from TSBLIB and compared with actual results of those in Table 1. Some 

test TSP problems are solved using RS-MGA, reducing the nodes to covering sets. Salari et al. 

[SalariR] used some test TSP problems and solved using a hybrid algorithm consisting of Dynamic 

Programming and Ant Colony Optimization (ACO) (i.e., reducing the nodes to covering sets). 

Results of some of these problems are obtained by RS-MGA algorithm and are compared in Table 2.
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Proposed experiment
For computational results of the proposed CSTSP, we generated a 100×100 distance matrix with 

lower bound 1 and upper bound 20 and a 100×100×3 cost matrix with lower bound 1.75 and upper 

bound 37. The cost matrix implies 100 nodes, each having ≤3 vehicles with different costs. In the first 

step, the unicost SCP was solved using the distance matrix and 4 distance units as maximum 

covering distance at each node with time-bound 60 seconds. In the next step, solid TSP was solved 

for all the above SCP solutions obtained in that time bound using MGA. The path with minimum 

cost among all solutions of SCP is considered as the near optimal solution of the CSTSP problem, 

some of which (10 best solutions) are given in Table 3.
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Table 3: 

Near optimal solutions of the proposed model:

Discussion

From Table 1, it is observed that the proposed MGA algorithm gives the same results for the first four 

TSP problems. For the last two problems whose order sizes are large, the proposed algorithm failed 

to give exact results, furnishes slightly higher results than the standard results.

In Table 2, results by the RS-MGA have compared with the Salari et al.’s (SalariR, 2012) hybrid 

algorithm for some TSP problems, which are reduced to CSP by their hybrid ACO algorithm. In most 

of the cases, our proposed algorithm furnishes better results than them. 

In Table 3, some near-optimal solutions of the proposed CSTSP for the given cost and distance 

matrices are presented along with the optimal paths. It is seen that for the given data, the minimum 

number of covering sets within 4 distance units is 10. Here 10 consecutive near-optimal solutions are 



BIMTECH Business Perspectives - (ISSN : 2581 9542)

given because due to some reasons, if the optimal path bearing lowest cost cannot be implemented, 

then the decision maker (DM) can go for the next or some other convenient path.

In this proposed RS-MGA, the RS gives minimum 10 nodes to cover the network and the optimal 

tour cost is found among those SCP solutions, though more than 10 nodes may give lesser cost, in 

that case, the number of covering nodes may be relaxed up to some more nodes. 

Conclusion

In the present investigation, for the first time, an algorithm is presented for the covering solid 

traveling salesman problem. This is very much useful for the big merchant houses, government 

officials and other several real-world problems. Suppose there are several sales offices of a big 

business house in a state. A high sales official wants to give direction/to explain the company’s 

policy to the salesman at each sales office. Instead of visiting each office, the high sales official 

decides to visit some specified offices and asks the others to come to one of these specified offices as 

per their distances. Obviously, there may be several types of conveyances at the specified nodes and 

the sales official is supposed to choose the appropriate path and vehicles for the minimum cost.

Also, this model may be used for rural health care delivery problems. Practically it is not possible to 

deliver health care services to all the cities or villages in a part of a country affected by any of natural 

disasters or some other causes. The service may be delivered to some of the cities using any of the 

available vehicles at each city so that people from the other areas can come to their nearest cities for 

their needs.

The proposed problem can be extended to include a restriction on some particular nodes for 

inclusion (due to some factors). The proposed algorithm also can be tested with other types of 

selection such as probabilistic selection, etc., crossover such as order crossover, comparison 

crossover, etc., and mutations. 
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