
 

Abstract—Conventional Travelling Salesman Problem 

(TSP) solutions are based on the assumption that time of 

travel between nodes is wholly dependent on distance. But in 

practice, this is not so as road and traffic conditions help to 

determine time taken to travel between nodes. We introduce 

fuzzy based TSP solution where distance and road traffic 

conditions are fuzzy. Result of the fuzzy based solution for a 

case study show that using conventional TSP solution the 

average time to travel shortest path was 192min while with the 

fuzzy TSP solution, the average time was 177.66min. The 

result confirms the superiority of fuzzy TSP solutions over 

conventional TSP in solving real life TSP problems. 

 

Index Terms—Traveling Salesman Problem, Fuzzy sets, 

Modelling, Optimization 

 

I. INTRODUCTION 

HE travelling salesman problem (TSP) is a well known 

problem in optimization theory [1, 2, 3]. Traditional 

solutions to TSP problems assume that the distance between 

nodes solely determine the time of travel between nodes, 

but this is often not the case as the time of travel between 

nodes are often determined by road and traffic conditions. 

The issue of road conditions is very critical in most 

developing countries as significant numbers of roads are 

often in deplorable conditions and in severe state of 

disrepair. This often makes journey times to be double the 

normal time in excellent road conditions. Companies that 

supply their products or deliver raw materials to customers 

in several locations often need to optimize their supply 

routes in order to reach customers economically and reduce 

transportation cost, a significant part of the overall cost of 

goods and services.  

The road and traffic conditions are quantities that are 

difficult to measure directly but could be qualified by 

linguistic variables such as good, excellent, poor etc. 

Hence, quantifying road and traffic conditions is fuzzy, 

vague and is dependent on human judgment. The fuzzy 

nature of road and traffic conditions means that fuzzy based 

solutions to TSP would provide a better solution to 

Travelling Salesman Problems.  
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Fuzzy sets since its introduction in 1965 have been used 

extensively by engineers and scientists in solving problems 

where uncertainty is involved [4, 5]. Fuzzy sets have been 

used in solving mathematical programming problems since 

Zadeh and Bellman [6, 7] introduced fuzzy dynamic 

programming. Several authors such as Kumar and Gupta 

[8], Pang et al. [9], Dhanasekar et al. [10] and Pezhhan and 

Eghbal [11] applied fuzzy set theory to solving TSP. This 

research differs from the ones in literature because the 

study took the road and traffic conditions into consideration 

in model formulation. 

The hub of the investigation is a company that produces 

engine oil used for lubricating vehicles and machinery 

located at Nnewi, Anambra State, Nigeria. 

 

II. THEORETICAL BRIEF 

A. The Traveling Salesman Problem 

The Traveling Salesman Problems (TSP) are a class of 

problems encountered in optimization in which a salesman 

is assumed to travel from a source city such as city 1 in 

Figure 1 and moves to several other cities and returns back 

to the starting or source city. The objective of the 

optimization problem is therefore to determine the route 

that minimizes the distance travelled by the salesman. 

 

 

 

 

 

 

 

 

 

 
Figure 1: A typical traveling salesman problem 

 
The mathematical formulation of the typical travelling 

salesman problem studied in this research is shown in 

Equation (1). 

 

 

Minimize Z =    dij xijt

n

t=1

                                          (1)

n

j=1

n

i=1

 

 

n = the number of stops to be visited; the number of 

nodes in the network 

i, j, k = indices of stops that can take integer values from 
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1 to n 

t = the time period, or step in the route between the stops 

xijt = 1 if the edge of the network from i to j is used in 

step t of the route, 0 otherwise 

dij = the distance or cost from stop i to stop j 

 

The formulated optimization problem can be solved by 

brute force algorithm or any of the available optimization 

algorithms such as genetic algorithm, tabu search, ant 

colony optimization, branch and bound algorithm etc. 

 

B. Fuzzy Sets 

Fuzzy sets unlike crisp sets are characterized by degree 

of membership. For example in a crisp set of tall people, 

one can either belong to it or not. But in a fuzzy set of tall 

people the membership is characterized by values which 

range from 1 for complete membership to zero for non 

membership. Hence, giants may belong to this to a degree 

of one while dwarfs belong to this to a degree of zero. 

For a crisp set A representing tall people, an element x in 

the universe X representing persons is either a member of A 

or not. Mathematically this concept is illustrated thus: 

 

XA x =  
1, x ∈ A
0, x ∉ A

                         (2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Graphical illustration of crisp and fuzzy set 

 

 

 

 

 

Assuming humans can reach a maximum height of 8 feet. 

We can use this assertion to graphically illustrate the 

concept of crisp and fuzzy sets. Let us look at Figures 2a 

and 2b. 

Let H denote a set of heights of people considered to be 

tall. Since the property tallness is Fuzzy, there is no unique 

membership function for H. Assuming that the maximum 

height for humans is eight feet as we have earlier asserted 

and anybody with a height equal to or less than five feet is 

not considered tall at all, the membership function denoted 

by μH is given by: 

μH 8 = 1                                                                 (3) 

μH 5 = 0 

 

According to Ross [12] a notation convention for fuzzy 

sets when the universe of discourse, X, is discrete and 

finite, is as follows for a fuzzy set A: 

A =  
μA (x1)

x1
+

μA (x2)

x2
+ ⋯ 

=   
μA (xi)

xi
i

                                                  (4)    

When the universe X is continuous and infinite, the fuzzy 

set A is denoted as: 

A =   
μA (x)

x
                                                (5) 

 

 

III. METHODOLOGY 

The TSP problem solved in this research consists of five 

cities similar to the model shown in Figure 1. The source is 

a city called Nnewi (City 1) where the salesman takes off 

from and moves to four other cities to deliver products to 

customers. The conventional TSP optimization model was 

used to determine the optimal route without taking the road 

and traffic conditions into consideration. Subsequently, a 

fuzzy-TSP model was formulated by taking the road and 

traffic conditions into consideration to obtain another 

optimal route for the salesman. In the fuzzy modeling, the 

concept of virtual distances was introduced. The virtual 

distance obtained from the fuzzy inference system was used 

in solving the TSP.  

After the computations, the optimal routes determined 

through fuzzy and conventional methods, as well as the 

current route used by the salesman were tested by driving 

along the routes to determine the times taken to move along 

the routes. Test was carried out three times for each route. 

After the tests, the average time taken for each route was 

determined. 

IV. RESULTS 

The developed fuzzy model is shown in Figure 3. As 

shown in Figure 3, the inputs to the fuzzy inference system 

consist of the actual distance and the road condition. The 

output is the virtual distance. 
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Figure 3: Fuzzy inference system  

 

The road and traffic conditions were represented by five 

linguistic variables namely: poor (P), fair (F), good (G), 

excellent (E) and perfect (P). The route distances were 

represented by five linguistic variables namely: very short, 

short, medium, long, very long. The virtual distances were 

represented by ten linguistic variables namely: Vd1, Vd2, 

Vd3, Vd4, Vd5, Vd6, Vd7, Vd8, Vd9 and Vd10. The 

membership functions derived from the linguistic variables 

are shown in Figures 4, 5 and 6. 

 

 

 

 

 

 

 

 

 
Figure 4: Membership functions for road and traffic 

conditions 

 

 

 

 

 

 

 

 

 
Figure 5: Membership functions for actual distances 

 

Twenty five rules were generated. A snippet of the rules 

generated is shown in Figure 7. The rules were generated 

based on the observed effects of road and traffic conditions 

on travel times.  

 
For example if the road conditions is perfect, the time of 

travel could be obtained by the equation: 

 

 

t = d
s                                                                  (6) 

 

 

Where t = time of travel 

 d= distance 

 s = speed 

 

 

 

 

 

 

 

When the road conditions deviates from this perfect 

condition, the time of travel could double in worst case 

scenarios and distance seems to double. This false distance 

is known as virtual distance. 

 

Matrices used for the TSP solutions are shown in Tables 1, 

2 and 3. 

 
Table 4 shows the routes and costs obtained from the 

normal TSP, the fuzzy TSP and the current route used by 

the salesman. As shown in Table 4, the least cost was 

obtained when fuzzy TSP was used while the highest cost 

was obtained by using normal TSP. 

 

The times obtained from the routes used by the company 

used for the case study, the optimal route obtained from 

conventional TSP and fuzzy based TSP are shown in Table 

5. 

 

As Table 5 shows, the time taken to travel the optimal 

route obtained through fuzzy TSP was least followed by the 

time taken to travel the route used by the organization to 

deliver its products to the four cities, while the time taken to 

travel the along the optimal route obtained through the 

conventional TSP was highest. This shows that the fuzzy 

TSP solution performed better than the conventional TSP in 

situations where the road conditions are fuzzy. It is 

surprising that the route used by the company performed 

better than the optimal route prescribed by the conventional 

TSP. The reason could be because the organization has 

learned from experience over the years based on road and 

traffic conditions that certain routes though short takes 

longer time, hence they have devised to follow certain 

routes which coincidentally takes lower time to travel than 

the route prescribed by the conventional TSP.  

 

V. CONCLUSIONS 

The result reported in this research is quite interesting 

and would be very useful to industrial and business 

organizations and every organization involved in logistics 

and transportation. The study shows another novel way to 

apply fuzzy set theory to solve problems of daily life. 
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Figure 6: Membership functions for virtual distances 

 

 

 

 
 

 

Figure 7: Fuzzy rules 
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Table 1: Actual distances matrix 

 Nnewi Ihiala Awka Ekwulobia Onitsha 

Nnewi 0 31 40 24 27 

Ihiala 31 0 69 47 42 

Awka 40 69 0 27 43 

Ekwulobia 24 47 27 0 43 

Onitsha 27 42 43 43 0 

 

 

Table 2: Fuzzy matrix 

 Nnewi Ihiala Awka Ekwulobia Onitsha 

Nnewi - Poor Fair Poor Fair 

Ihiala Poor - Good Outstanding Good 

Awka Fair Good - Fair Poor 

Ekwulobia Poor Outstanding Fair - Fair 

Onitsha Fair Good Poor Fair - 

 

 

Table 3: Virtual distances matrix 

 Nnewi Ihiala Awka Ekwulobia Onitsha 

Nnewi 0 60.6 72 48 52.2 

Ihiala 60.6 0 102 47 57.6 

Awka 72 102 0 73.6 84.2 

Ekwulobia 48 47 73.6 0 74.5 

Onitsha 52.2 57.6 84.2 74.5 0 

 

 

Table 4: Routes and costs 

Description Route Cost 

Resulting path  

(Normal TSP) 

 

City 1 -> City 2 -> City 5 -> City 3 -> City 4 -> City 1 

 

324.00 

Resulting path  

(Fuzzy TSP) 

 

City 1 -> City 5 -> City 2 -> City 4 -> City 3 -> City 1 

 

302.40 

Current path: 

 

City 1 -> City 4 -> City 2 -> City 5 -> City 3 -> City 1 

 

308.80 

 

 

Table 5: Route times of the TSP analysis 

Route Description Time 1 Time 2 Time 3 Average 

Time 

Route Used by the organization 185 189 183 185.66 

Optimal route found through conventional TSP 194 190 192 192.00 

Optimal route found through fuzzy TSP 181 175 177 177.66 
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