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Abstract: The paper considers the symmetric traveling salesman problem and applies it to sixty-four (64) districts of 

Bangladesh (with geographic coordinates) as a new instance of the problem of finding an optimized route in need of 

emergency. It approached three different algorithms namely Integer Linear Programming, Nearest-neighbor, and Metric 

TSP as exact, heuristic, or approximate methods of solving the NP-hard class of problem to model the emergency route 

planning. These algorithms have been implanted using computer codes, used IBM ILOG CPLEX parallel optimization, 

visualized using Geographic Information System tools. The performance of these algorithms also has been evaluated in 

terms of computational complexity, their run-time, and resulted tour distance using exact, approximate, and heuristic 

methods to find the best fit of route optimization in emergence thus contributing to the field of combinatorial 

optimization. 

 

Index Terms: Integer Linear Programming, Nearest Neighbor, Metric TSP, Emergency Response Computational Tool 

and Models (ERT), Geographical Information System (GIS).  

 

1.  Introduction  

Be it pandemic or disasters, it is predicted to continue and having a great impact on the socio-economic welfare of 

the entire world [1]. Authorities of emergency management service use several Emergency Response Computational 

Tool and Models (ERT) to route resources; however, advantages and limitations of such tools is not always clear [2]. 

Decision-support systems should consider demands, resources, priorities, supply chain, and infrastructure to take real-

time decisions towards actions in mitigation, preparedness, response, and recovery phases of emergency management 

activities [3,4].  

The study address the problem that decision makers face in tour optimization in large-scale (all cities of the entire 

country) where the goal is to maximize social welfare in minimum time. While much of the TSP or resource routing 

analysis works on a predefined map, implemented within the framework of the spatial information provided, the study 

focuses on automating the construction process of a distance matrix from any given map.  

The study illuminates computational aspects of finding the most efficient way to visit each one of many demand 

nodes once and returning to the single distribution node in emergency responses where resource routing becomes 

difficult. A well-known combinatorial optimization problem known as Travelling Salesman Problem has been used to 

find an optimized tour in such an emergency. In the classic TSP, the salesman must visit a fixed number of cities before 

returning to his original starting point. The objective is to choose the order of visit to minimize the travel distance [5,6]. 

The classical TSP setup has been applied to sixty-four (64) districts of Bangladesh to find an optimized tour where the 

objective of finding the minimum traveling distance with limited resources in an emergency becomes a lifesaving 

matter.  

The main objective of the study is set to use several formulations of TSP as a computational tool to evaluate their 

performance and applicability to resources route optimization in emergency by minimizing total travelling distance with 

emerged constraints in emergence.  

To clarify the scope of this study, the following constraints are put forward: (1) there is a shortage of resource 

during the emergency response; (2) all demands nodes are connected; (3) the resource is delivered by vehicle; (3) all 

demand nodes have same priority; (4) demand nodes can be served only once during a tour; and (5) the vehicle starts at 
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the distribution center and returns to the same distribution center. Routing problems in emergency response determine 

which vehicle will visit which demand point in which sequence with the objective of minimizing the total distance 

traveled [7].  

Throughout the study the authors hope to build a framework and propose the tool of finding the optimal tour in 

emergence utilizing exact, approximate, or heuristic methods of combinatorial optimization problem. The study also 

hope to achieve a visualization technique to recommend the resulted tour. 

The rest of the paper is organized as follows. In Section II, we justify the Travelling Salesman Problem for 

resource routing problems in an emergency. In Section III, we describe three different TSP models in terms of their 

configuration and computational complexity. Computational results are reported in Section IV. Finally, some 

concluding remarks directions are presented in Section V. 

2.  Related Works 

Strategic preparedness and response plan needed during pandemic (ex. COVID-19) or in any natural disaster 

[2,3,4,15,16]. The study raise the importance of resource routing for emergency response and apply TSP as a tool of 

emergency management system using geospatial data to plan optimal route thus reducing time and cost of resource 

distribution. 

Resource routing during an emergency would be needed for delivering social or medical services to individuals at 

their homes rather than individuals coming to the service point [8]. Different organizations get involved, different kind 

of resources (consumable or non-consumable) may have to be provided, coordinated, and becomes a difficult activity 

during an emergency [9]. Thus, resource planning and routing becomes crucial to increase responsiveness.   

Routing problems in an emergency may have to consider random events such as unavailability or variability of 

resources, uncertain environment, damaged transportation network, complex traffic system, available vehicles and their 

capacity, and dynamic demand change [9,10,11]. During these emergency situations Travelling Salesman Problem may 

be applied in small instances of resource routing with heterogeneous vehicles and demand points [10,11,12]. Cluster 

analysis can also be combined with Travelling Salesman Problem during this kind of emergency, where TSP is applied 

in each cluster of categorized customers with most similarities [13,14]. Disconnected disaster affected regions can be 

combined with single distribution center and TSP can be applied to each of these disconnected regions locally; satisfied 

by more than one vehicle in-terms of Vehicle Route Planning (VRP) [15,16]. 

In an emergency, appropriate routing technology with the use of traditional routing algorithms traveling salesman 

problem can save lives [17].  With the main objective of finding the optimized tour in any scale of instances, it is 

important to consider additional objective functions and constraints. 

3.  TSP Formulation and Computational Complexity 

Finding the shortest route in large solution space (in our instance it is 64 districts of Bangladesh) using the classical 

TSP becomes NP-hard of combinatorial problem [23,24,25]. Among many formulations of TSP, the study use Integer 

Linear Programming (ILP) for exact optimal solution and Nearest Neighbor Algorithm (NNA) for near optimal solution 

to identify the dominance among them during emergency response by comparing results [19,25,33,40]. 

Given Sixty-Four (64) demand points to finding the most efficient way to visit them for distributing resources 

becomes an optimization problem. Solving the optimization problem with a large solution space is NP-hard or NP-

complete when we calculate every possible solution to choose the best solution [6]. For our instance, finding the 

shortest tour of all sixty-four districts of Bangladesh using the classic traveling salesman problem thus requires 

exponential time [6,7]. 

There exist many formulations of the TSP even in symmetric and asymmetric form [18,19]. This paper analyzes 

and compares two polynomial and one exponential formulation of the traveling salesman problem. The exact optimal 

solution has been found using Integer Linear Programming formulation then compared with two other approximate 

solution procedures namely the Nearest Neighbor Algorithm and Metric formulation of the TSP. These three different 

formulations and their computational complexity have been discussed in this section. 

3.1.  Representation of TSP  

There are n demands nodes as a set A= {1,2, . . . , 𝑛}, distance between any two nodes is 𝐶𝑖𝑗 = 𝑛(𝑤ℎ𝑒𝑟𝑒, 0 <  𝑛 ≤

757) and distance among all cities are stored in 𝑛 × 𝑛 distance matrix; whether they are connected directly or not. The 

following notation is used: 

 

𝑛 = number of demand nodes to be visited 

i, j = indices of nodes between 1 to n integer  

xijt = {
1   if exists edge between i and j in step ui

0   otherwise
 

cij = cost or distance between node i to j 
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ui = steps to visit city i 
 

The optimal solution is the lowest total distance traveled in the hypothetical tour. The objective function (O) is a 

minimization of the total sum of costs (distances) of all the chosen elements of the tour: 

 

ij ij

i A j i
j A

Minimize o c x
 



                                                                 (1) 

 

For all step of 𝑢𝑖, there exists only one edge and more than one pair of nodes is not possible to visit in each step, 

the tour is subject to the following constraint- 

 

1,ij

i A
i j

x given j A



                                                                 (2) 

 

For each node i, there is only one other node j which is being reached, at some time, hence the constraint:  

 

1,ij

j A
j i

x given i A



                                                                 (3) 

 

The node, which is reached at step 𝑢𝑖, will not be included in step 𝑢𝑖 + 1 of the tour to exclude disconnected sub-

tours. This constraint of sub-tour elimination can be formulated as:  

 

(𝑢𝑖 − 𝑢𝑗) + (𝑛 − 1)𝑥𝑖𝑗 ≤ (𝑛 − 2) ∀𝑖,𝑗 ∈ 𝐴 , 𝑖 ≠ 𝑗                                                  (4) 

 

3.2.  ILP Formulation 

The exact solution approach of TSP would evaluate all possible combinations of n demand nodes. For n nodes, 

there are (n-1)! possible number of permutations thus exists (n-1)! Routes [20,21].  The sub-tour-elimination constraint 

raises a problem where for n demand nodes, the number of disjoints sub tour constraint gets added [22,23]. This make 

the TSP formulation large integer-programming problem [23,24,25]. 

When TSP becomes a linear program with a linear objective function (minimization of distance or cost) having 

linear inequality constraints; there are Simplex method and Interior Point method available among many popular 

methods for solving TSP with Integer Linear Programming formulation [25,26]. 

To apply linear programming solution procedure for TSP this paper applies the Simplex algorithm for relaxations 

of the problem to find optimal solutions, which seems to be a good choice according to some literature review 

[26,27,28]. The study even steps further to use IBM’s CPLEX optimizer which enables decision optimization for 

improving efficiency [29,30]. 

Once determined that using the Simplex algorithm for the linear programming solution procedure of TSP would 

give an optimal solution, there is the branch and bound method to determine the integer optimality [27,28].  Branch and 

Bound method is a search procedure were for the upper bound it uses the non-integer solution and search for possible 

integer solutions to determine the lower bound. Optimality is achieved hen the upper and lower bound coincide [31,32]. 

During this study, using the above-mentioned mathematical formulation an integer programming procedure was 

used to result in the optimal solution with the IBM’s CPLEX optimizer. 

3.3. NNA Formulation  

Exponential nature of Integer Linear Programming approach of TSP can be dealt with the approximate approach of 

finding near-optimal solution rather than optimal solution [33] 

The Nearest Neighbor heuristic is simple and consider the “greedy” approach thus returns solution in reasonable 

computing time (polynomial time) but does not always provide even near-optimal solution [33,34]. Emergency routing 

would require a faster response but it also demands good solution, thus the paper evaluates the Nearest Neighbor 

Heuristic by two important criteria; they are: (1) the computational time required to reach the solution; and (2) 

performance in differences of distance concerning the optimal solution. 

The algorithm simply selects the least-cost edge among the unvisited neighbor nodes to construct a tour repeatedly 

until all nodes are visited [35,36]. The complete path is returned as a solution once there is no more unvisited node. The 

path is generated as follows: 
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1. Find the nearest unvisited node X from any Node 

2. Flag X as visited. 

3. Terminate, if remain no unvisited node. 

4. Else set node B as the current node. 

5. Go to step 1. 

3.4.  Metric TSP 

The study looks further to improve the efficiency or optimality of finding the solution and take another approach 

namely Metric TSP. After further literature review α-approximation algorithm seems to be feasible, whose objective 

value would be always a factor of α from the best outcome [20,38]. Applying triangular inequality as a restriction, the 

problem becomes metric TSP, for which a constant factor (metric) of approximation would exist [38]. 

The tree doubling algorithm seems to be a good choice of 2-approximation algorithm for Metric TSP, which 

computes a Hamiltonian tour by using a minimum spanning tree [38,39]. A minimum spanning tree can efficiently be 

computed via Prim’s or Kruskal’s Algorithm [38]. 

Using a Lemma and Theorem it can be proved that the running time of Metric TSP is dominated by running time 

required to compute a minimum spanning tree [38,40]. This is polynomial since the minimum spanning tree is 

polynomial [38]. The study implements the Metric TSP to verify the solution. 

4.  Experimental Setup and Methodology 

The experimental process expect to establish a model of automating the process of constructing distance matrix of 

TSP problem and visualizing resulted optimal tour as recommendation for emergency management through 

implementation of ILP, NNA, and Metric TSP formulation. There is Data Acquisition & Preparation step to produce 

one-dimensional array of nodes and distance matrix, Problem formulation step to implement Java representation of 

three different TSP formulation, Result comparison step to compare resulted tour, and Visualization technique as 

recommendation of optimal tour. 

To identify the applicability of our proposed model in emergency routing a step by step procedure was followed to 

build the model itself. The model has been implemented programmatically using Java programming language to ensure 

its applicability. The output results of the programming model has then been visualized as a recommendation of the 

route in an emergency. Three different TSP formulation of section three of this study has been applied to the dataset to 

compare and analyze results. This section describes the whole process and a flow diagram is given below –  

 

 

Fig.1. Proposed Model 
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4.1.  Data Acquisition & Preparation 

Most of the study about TSP or resource routing works on a predefined map, implemented in the context of given 

spatial information. The study focusses on automating the process of constructing the distance matrix from any given 

source.  

A dataset of distances among sixty-four (64) cities of Bangladesh was generated on which the exact solution and 

heuristic approaches were tested. There were no available text data of the distance matrix of cities of Bangladesh but 

only in pdf format.  From Road Transport and Highways Division of Bangladesh, a pdf file was captured and converted 

to a text file. A small Java program was created to automate the process. Results and the process is discussed in Section 

V of the study. 

4.2.  Solution Procedure 

First, an exact enumeration procedure was implemented in a Java program using IBM’s CPLEX Optimizer for 

efficient computation. Objective function and the three constraints for the Integer Linear Programming approach have 

been coded in CPLEX Model and integrated in Java program. 

The computation in CPLEX Model for the exact solution took a while thus the other two approximation models 

proceeded for implementation with two other Java procedures. The Nearest Neighbor Algorithms were implemented 

using the pseudocode discussed in section 3.3 of the study. Once the NNA solution has been found where the tour 

difference from the optimal one was quite high, the Metric TSP algorithm was applied to find a better solution.  

The solution procedure for 2-approximation Metric TSP was quite lengthy but gave better results than NNA 

implementation in polynomial time. The study produced a Minimum Spanning Tree from the graph of the distance 

matrix using the Kruskal Algorithm of MST [41,42]. Once found MST the study checked for any existing cycle [41]. A 

depth-first search was applied to the Minimum Spanning Tree to produce the DFS tree. Then duplicate nodes were 

removed from the resulted DFS tree to calculate route. A preorder traversal of the DFS resulted in the tour.  

4.3.  Comparing Results 

The output of each algorithm has then been compared in terms of their run time and tour distance. Also, the 

sequence of nodes to visit has been produced as the output of each algorithm to map it to visualization. 

4.4.  Visualizing Results 

The output of the optimal tour solution has been visualized with a directed edge on a colored country map of 

Bangladesh. To visualize the tour, geographic data (with latitude and longitude) of the country has been used, which is 

available in the Global Administrative Areas database [43].  Retrieved data from GDAM has then been used to plot the 

travel route on top of the geographic data and develop a tour on the map, using an opensource geographic data 

processing software named QGIS [44]. 

To draw arc from one node to another, latitude and longitude of the center of each node has been used. The 

resulted tour of the three different formulations (ILP, NNA, Metric TSP) of TSP has been placed on the foreground of 

the map of Bangladesh as a vector layer using three different shapefiles. A shapefile is a flat, nontopological system for 

storing geometric location and attributing geographic character information [45].  

5.  Results and Discussions  

Academic solvers expect perfection and therefore take a very long time to determine optimal solutions and that 

would not work in response to an emergency. To route resources in emergency finding a solution in a fraction of time is 

necessary and a near-optimal solution with route optimization algorithms would work.  

A good heuristic must provide near-optimal solutions, be easy to implement, flexible, and ultimately provide 

solutions in a reasonably short time [33,34,39]. This section shows the outcome of the procedures that have been 

followed in section four of the study. 

5.1.  Data Source to Distance Matrix 

The output of the process discussed in section 4.1 of this study initially was a text file where rows are indexed by 

sixty-four distinct district names of Bangladesh. Figure 2 below is a part of the file.  
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Fig.2. Initial text file produced from the process discussed in section 4.1 

The file had sixty-five (65) columns and rows were sorted in lexicographical order of the city names. Index names 

were stored into a one-dimensional string array and a 64 by 64 integer array was used to create distance matrix to store 

distances among cities. This was a square matrix where an identical index of rows and columns correspond to the name 

of cities stored in the one-dimensional string array created earlier. A programming code in Java has been developed to 

automate the process of creating this distance matrix from a pdf file of a web source. 

5.2.  Comparison of Results 

Integer Linear Programming formulation of the study which has been discussed in sections 3.1 and 4.1, solved the 

problem of finding an optimal tour in 2510.61 seconds (41.84 minutes) with a minimum total distance of 4059.0 

kilometers. The minimum distance returned from the Nearest Neighbor Algorithm was 5189 kilometers, and from 

Metric TSP the was 5096 kilometers. These results were produced using Core i3, 2.8 GHz CPU with Ram speed of 5 

GB on the Windows 10 operating system. Table 1 below shows the comparisons of different algorithms. 

Table 1. Result Comparison 

 ILP NNA Metric TSP 

Total Distance 4059 5189 Km. 5096 Km. 

Time complexity Exponential (43 min) Polynomial Polynomial 

Approximation Ration Optimum - 2 approximation 

Difference  1130 Km. 1037 Km. 

 

Also, tour matrix was created for every resulted output of the three different TSP formulation. Table 2 shows a part 

of the matrix resulted from ILP formulation of TSP. 

Table 2. Part of tour matrix resulted from ILP 

Source Destination 

 

Source Destination 

Dhaka Gazipur Chandpur Lakshmipur 

Gazipur Tangail Lakshmipur Noakhali 

Tangail Sirajganj Noakhali Feni 

Sirajganj Manikganj Feni Chittagong 

Manikganj Rajbari Chittagong Rangamati 

Rajbari Faridpur Rangamati Bandarban 

5.3.  Visualization of Results 

When it is about emergency routing visualizing the resulted route would help anyone to take decision and follow 

the resulted path [46,47]. This study visualizes the resulted tour as guidance during an emergency.  Figure 3 below 

shows the drawn arcs resulted as a directed tour of the ILP formulation of TSP using the process discussed in section 

4.4 of the study. 
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Fig.3. Directed tour resulted from ILP 

 

Fig.4. Visualizing Route of ILP, NNA, & Metric TSP 

Also, the route of the ILP, NNA, and Metric TSP has been plotted on the same map to visualize at the same time. 

Figure 4 shows the result.  

Results discussed in Section 5.1 achieve one of the objectives of the study to automate the process of distance 

matrix construction from any given map. Comparison of results in section 5.2 of the study helps decision makers by 

returning optimal resources route in emergency through minimization of total travelling distance in minimum time thus 

achieve the other objective of the study. Visualization of all resulted route on the given map discussed in section 5.3 

achieve another objective of recommending optimal tour to take decision in emergence. 

6.  Conclusions  

The efficiency of logistic support during emergency heavily depends on route optimization. The strategic design of 

emergency routing for logistic network (road or railway) using a geographic coordinate system is effective when 

resources are limited. The Geographic Information System (GIS) feature (geographic coordinate) of the country of 

Bangladesh is a new instance of traveling salesman problems to find a sequence of demand nodes to be visited 

systematically. The paper used this new instance of TSP to derive optimal and near-optimal routing solutions to 

efficiently tackle emergency response operations on large areas. 

An optimal solution to a difficult problem or NP-hard class of problems is unlikely to reveal in polynomial time. 

Therefore, optimization problems like traveling salesman problems are solved using exact, approximate, or heuristic 

methods. The paper approached all these three techniques to compare the results. To find the optimal result it used 
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IBM’s CPLEX. IBM ILOG CPLEX allowed solving the problem utilizing Integer Linear Programming algorithms with 

parallel optimization. 

The efficiency of logistic approaches in emergency has been shown in early studies [2,4,49]. Several recent works 

modeled the emergency tour planning as TSP [9,50] or show connections with different TSP formulation [11,12,51]. 

Many academic researchers attempt to include GIS services in TSP and a future work of this study aims to do so to 

better exploit GIS features. 

The study shows the usefulness of the travelling salesman problem in emergency routing using geographic 

information through quantitative assessment of the proposed framework. This is an advancement of application to the 

first Romanian TSP instance. Future work of the study should overcome the limitation of not being able to construct an 

automated decision support system for complete logistic planning in emergency. 
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