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Abstract— In this paper, we propose to optimize the trapezoidal fuzzy Travelling Salesman Problem (TSP). First, we rank 

the fuzzy matrix of distance using the magnitude ranking technique. Second, the new method named Dhouib-Matrix-TSP1 

is applied to easily and quickly search an optimal or a near optimal solution in polynomial computational time. A 

numerical example will be presented and discussed to prove the efficiency of the Dhouib-Matrix-TSP1 approach. 
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I.  INTRODUCTION  

 

This paper presents the application of our new method, 

Dhouib-Matrix-TSP1, to solve the travelling salesmen 

problem in fuzzy environment.  

 

Zadeh defines a fuzzy set in [1] as a mathematical 

construction by affecting each element in the universe of 

discourse to a value. This latter represents its membership 

grade. The number A  is a fuzzy set whose membership 

function ( )
A

x  satisfies the following condition:  
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Figure 1.  The trapezoidal fuzzy numbers graphical representation 

A fuzzy number A on R, as described by Figure 1, is said 

to be trapezoidal number, represented by (a1, a2, a3, a4), 

when the characteristics of its membership function 

: [0,1]A R   are: 
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For a given trapezoidal fuzzy number 1 2 3 4( , , , ; )A a a a a w , 

its magnitude is defined as follows: 
1

0 0

0

1
( ) ( ( ) ( ) ) ( )

2
Mag u u r u r x y f r dr      

 

Well, the Mag(u) function is used to rank the fuzzy number 

and the function f(r) is considered as non-negative and 

increasing function on [0,1]. 

Where:  f(0)=0, 

1

0

1
( )

2
f r dr   and f(1)=1.  

Then, the magnitude is given by: 

1 2 3 45 5
( )

12

a a a a
Mag u

  
  

This paper is organized as follows: section 2 describes 

some fuzzy preliminaries; section 3 presents the improved 

Dhouib-Matrix-TSP1 method for fuzzy TSP; section 4 
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discusses a numerical example in details and section 5 

deals with the conclusion.  

 

II. RELATED WORK  
 

The Travelling Salesman Problem (TSP) is NP-Hard and 

looks to generate a Hamiltonian cycle where all cities are 

visited only once except the starting one. [2] presents the 

cutting-plane approach to solve the large TSP. [3] 

optimizes the multi-objective TSP in fuzzy environment 

using a genetic algorithm. Besides [4] solves the uncertain 

multi-objective TSP.  

 

[5] optimizes the TSP for logistics distribution based on a 

geographical information system. [6] applies the reduce-

optimize-expand technique in order to reduce instances of 

TSP in fuzzy logic classifier. [7] proposes the little 

algorithm to optimize the TSP.  

 

In 2017, [8] solves the generalized TSP by the means of 

the neighborhood search algorithm and [9] applies hybrid 

self-organizing map approach on the TSP. [10] develops an 

ant system to solve TSP. [11] modifies the pheromone rule 

for the ant colony algorithm in order to enhance the 

optimization of the TSP. 

 

In 2019, [12] provides a spiking neural system for TSP. 

[13] develops an original genetic algorithm using partially 

mapped crossover and proves its performance to optimize 

TSP.  

 

Recently, [14] resolves the cost-balanced TSP using a 

variable neighborhood search algorithm. [15] defines a 

comprehensive survey on the multiple TSP and [16] solves 

the TSP using discrete Jaya algorithm. 
 

III. METHODOLOGY 
 

We recently design and develop the Dhouib-Matrix-TSP1 

in [17, 18]. This method generates optimal or a near 

optimal solution in polynomial computational time: just 

only n simple iterations, where n denotes the number of 

cities.  

 

Then, to adapt the Dhouib-Matrix-TSP1 to the fuzzy set 

theory, we convert the considered trapezoidal fuzzy 

distance matrix to a crisp distance matrix as a result of the 

magnitude ranking function. Then, we test if the generated 

crisp distance matrix is square, if not we will transform it 

as square matrix by adding crisp rows or columns (with 

high element). 

 

Phase 1: Identify for each row its minimal element and 

select the smallest. The position of the smallest element 

will identify the first two cities to be inserted in the list of 

Tour-Cities. Let’s say the cities x and y, so, Tour-Cities 

will be gathered in the order {x-y}. Before going to the 

next phase, discard columns of city x and city y. 

 

Phase 2: Discover the smallest element for row x and row 

y and choose the smallest, let it be the city z. 

Phase 3: Insert z before city x in the Tour-Cities {z-x-y}, if 

z is the small element in row x. Otherwise, add z after city 

y in the list Tour-Cities {x-y-z}, and discard the column of 

city z. Then, return to Phase 2 if there are still cities in the 

matrix, if not go to Phase 4. 

 

Phase 4: Perform the generated route in Tour-Cities to be a 

feasible solution (tour). Well, if the first element in the list 

Tour-Cities is not the starting city so translate this element 

to the last position in the list Tour-Cities. Repeat that until 

the starting city will be at position number one in the list 

Tour-Cities. Finally, add the starting city at the last 

position in the list Tour-Cities and we obtain a feasible 

solution which can be the optimal solution or the near 

optimal one. 
 

IV. RESULTS AND DISCUSSION 
 

A truck driver needs to visit six cities in the following 

trapezoidal fuzzy TSP. So, he desires to visit all cities only 

once except the starting city with the minimum distance. 

Figure 2 presents the trapezoidal fuzzy distance 

matrix.

(0,0,0,0) (1,2,4,5) (3,7,10,14) (2,3,5,6) (0,1,4,5) (2,6,7,17)

(0,2,4,6) (0,0,0,0) (1,4,6,9) (1,2,3,4) (1,7,15,21) (0,5,7,12)

(3,7,10,14) (3,4,6,7) (0,0,0,0) (2,5,15,18) (1,2,5,6) (1,4,6,9)

(1,3,5,7) (0,2,3,5) (2,5,15,18) (0,0,0,0) (0,2,16,18) (1,9,16,18)

(0,1,4,5) (1,7,15,21) (2,3,4,5) (0,2,16,18) (0,0,0,0) (0,4,7,17)

(2,6,7,17) (0,4,7,17) (0,4,6,10) (0,5,7,12) (0,4,7,17) (0,0,0,0)
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Figure 2.  The trapezoidal fuzzy distance matrix 

 

Then, we convert the considered trapezoidal fuzzy distance 

matrix to a crisp distance matrix (Figure 3) by the use of 

the magnitude ranking function.  

0 3 8.5 4 2.5 7

3 0 5 2.5 11 6

8.5 5 0 10 3.5 5

4 2.5 10 0 9 12

2.5 11 3.5 9 0 6

7 6 5 6 6 0

 
 
 
 
 
 
 
 
  

 

Figure 3.  The crisp distance matrix 

 

Now, we can start our approximation method: the Dhouib-

Matrix-TSP1 which will easily solve this problem in just 6 

simple iterations. 

 

Iteration 1: Identify the minimal element for each row, as 

depicted in Figure 4.  

 
Figure 4.  Compute the minimal element for each row 
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Next, select the smallest value which is 2.5 for the position 

d15. Thus, the cities 1 and 5 will be inserted in Tour-Cities 

{1-5} and their columns will be discarded (see Figure 5). 

 

 
Figure 5.  Select cities 1 and 5 and discard their columns 

 

Iteration 2: Identify the minimal element for row 1 (which 

is 3 in position d12) and for row 5 (which is 3.5 at position 

d53). Then, select the smallest (3 in position d12), insert city 

2 at the left (because we found it in row 1) of the list Tour-

Cities {2-1-5} and discard the column of city 2 (see Figure 

6). 

 

 
Figure 6.  Select city 2 and discard its column 

 

Iteration 3: Identify the minimal element for row 2 (which 

is 2.5 in position d24) and for row 5 (which is 3.5 at 

position d53). Then, select the smallest value (2.5 in 

position d24), insert city 4 at the left (because we found it in 

row 2) of the list Tour-Cities {4-2-1-5} and discard the 

column of city 4 (see Figure 7). 

 

 
Figure 7.  Select city 4 and discard its column 

 

Iteration 4: Identify the minimal element for row 4 (which 

is 10 in position d43) and for row 5 (which is 3.5 at position 

d53). Then, select the smallest value (3.5 in position d52), 

insert city 3 at the right (because we found it in row 5) of 

the list Tour-Cities {4-2-1-5-3} and discard the column of 

city 3 (see Figure 8). 

 

 
Figure 8.  Select city 3 and discard its column 

Iteration 5: Identify the minimal element for row 4 (which 

is 12 in position d45) and for row 3 (which is 5 at position 

d36). Then, select the smallest value (5 in the position d36), 

insert city 6 at the right (because we found it in row 3) of 

the list Tour-Cities {4-2-1-5-3-6} and discard the column 

of city 6 (see Figure 9). 

 

 
Figure 9.  Select city 6 and discard its column 

 

Iteration 6: The last phase is to generate a tour from the 

list Tour-Cities {4-2-1-5-3-6}. So, we need to translate the 

position in order to obtain a feasible solution starting and 

ending by city number 1. For that, translate the position of 

city 4 to the last position {2-1-5-3-6-4}. Then translate city 

2 at the last position {1-5-3-6-4-2} and finally add city 

number 1 to the last position: {1-5-3-6-4-2-1}. Thus, our 

method Dhouib-Matrix-TSP1 found the optimal solution 

22.5 in just 6 simple iterations. 

 

V. CONCLUSION AND FUTURE SCOPE  
 

In this research work, the trapezoidal fuzzy travelling 

salesman problem is reduced into the classical Travelling 

Salesman Problem by applying the suitable ranking 

magnitude technique. Then, the new method, named 

Dhouib-Matrix-TSP1, is applied to search the optimal or 

near optimal solution in simple and reduced number of 

iterations (just n iterations, where n denotes the number of 

cities). Additionally, our proposed method Dhouib-Matrix-

TSP1 provides a better solution than those obtained by 

other methods.  
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