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Abstract

Travelling salesman problem (TSP) is a prominent computational problem where trail technique is used to
calculate all the possible travel and choose the best one. Since there is no branching or back tracking in greedy
algorithms, determining the run time is much easier than the existing methods and hence, in this paper, a novel
greedy method called Dhouib-Matrix-TSP1 is proposed as the first resolution of TSP to get the optimal solution
using single valued trapezoidal neutrosophic numbers with several numerical examples. Also, results have been
analyzed with graphical solutions.
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1.Introduction

The Travelling Salesman Problem (TSP) portrays the salesman who is travelling between n cities where the
salesman knows the transmits and cost of the cities. This helps the salesman to identify the possible shortest route
that visits each city exactly once and returns to the starting city. TSP is an NP-hard problem and the aim of this
problem is to calculate a shortest possible tour that visits every city exactly once. TSP is related with daily activities
in uncertain and indeterminate parameters namely distance, cost and time. These parameters are unstable and not
exactly known and hence, neutrosophic concept has been widely used in TSP.

Fuzzy set deals with only membership function and intuitionistic fuzzy set handles both membership and
non-membership function. But real-world problems have indeterminacy too in nature and hence Smrandache
introduced the neutrosophic concept in 1995 concerning the chance of reflecting the human thinking using the three
membership functions namely Truth (T), Indeterminacy (1) and Falsity (F) which belongs to neutrosophic set. These
three components are independent and hence neutrosophic set plays a vital role and has been a major focus of the
research field. This field a new branch of philosophy called Neutrosophy as a generalization of intuitionistic,
inconsistent, and fuzzy logic. It deals with not only ambiguity; also analyze the relation and absolute truth [1].
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Shortest path problems have been studied and made an overview by the researchers under single valued and
trapezoidal neutrosophic information [6-7, 13, 23]. TSP has been solved using various methods under different set
environments as follows. TSP is solved using combinational Evolutionary Algorithm [2], a study was carried out on
TSP using fuzzy self-organizing map [3], two methods have been proposed to solve TSP namely Ant Colony
Systems to understand the operations and applied Hopfield Neural Network to TSP as it has fully connected neurons
generally used in optimization tasks [4], intuitionistic fuzzy modeling [5], metaheuristic algorithm [8]. Also, shortest
path problem is solved under triangular fuzzy neutrosophic environment by considering the edge weight as the
triangular fuzzy neutrosophic numbers. Here, the length of the shortest path has been calculated using ranking
function [9], using the first iteration of modified Vogel method to calculate the best starting city for the nearest
neighbor algorithm [10].

Also, TSP is examined using Genetic Algorithm which supports the growth of life [11], using Heart
Algorithm which handles the action of the heart and circulatory setup in human beings [12], improved Genetic
Algorithm [14], Multi-element Genetic Algorithm [15], E-commerce website evaluation is done under single valued
neutrosophic environment using a novel integrated decision system which contain three modules namely,
information acquisition, SVTN-DEMATEL module and the integration module [16], operations on single valued
trapezoidal neutrosophic numbers have been proposed and applied in a group decision making problem [17], using
Hungarian method under intuitionistic fuzzy environment [18].

In [19], metaheuristic method is used to solve TSP by finding the near optimal solution, implemented fuzzy
intuitionistic algorithm is used to solve TSP [20], Kidney inspired algorithm in which the Kidney process in the
human body is used [21], the method of Graphical Processing Units is applied [22], using Genetic Algorithm under
intuitionistic fuzzy environment [24]. Moreover, EMF-CE algorithm which uses a negative exponent function to
achieve critical value as the feedback regulation of the implementation of algorithm [25], using Branch and Bound
method [26], Quasi optimization with time dependent [27], fuzzy environment [28], using intuitionistic fuzzy
approach [29], time dependent TSP where edge costs depend on their position in the tour is solve under interval
valued intuitionistic fuzzy environment [30].

TSP has been solved using Ising model where the data given by ISING solver as text in matrix market
format with simulated bifurcation where the nearly optimal solution can be obtain quickly [31], solved
transportation problem using ECCT and standard deviation under fuzzy environment [40], modified grey wolf
optimizer [42], using modified Grey Wolf optimizer where the leadership ranking and hunting mechanism of grey
wolves in nature is simulated [43], and review has been done with TSP using GA-ACO hybrid approach.

Though, there are various types of neutrosophic numbers, we used trapezoidal neutrosophic numbers as it is
the combination of trapezoidal fuzzy numbers and neutrosophic set. According to the literature survey, so far, TSP is
not yet been studied under single valued trapezoidal neutrosophic numbers. Hence the motivation of this present
work is to enhance the novel greedy method called Dhouib-Matrix-TSP1 (DM-TSP1) to solve this kind of
indeterminant TSP.

The rest of the paper is presented as follows. In section 2, basic concepts are described related to the
present work. In section 3, the novel greedy method entitled DM-TSP1 is proposed under trapezoidal neutrosophic
environment. In section 4, the first resolution of the TSP are carried out with step-wise application to test the
validity. Also, graphical representation is given. In section 5, conclusion and future direction of the present work are
given.

2. Mathematical definition for trapezoidal and neutrosophic numbers

Definition 1[23]. Let us consider a space X composed of universal elements denoted by x. The
neutrosophic set A is a phenomenon having the following construction N = {(TN (), Iy (X),Fy (X)) / xe X}Where the

three grades of memberships are from X to ]0,1*[ of the element x € X to the set N, with the criterion:

TOSTy )+ 1y (X)+Fy(x)<3". The functionsTy (x), 1y (x)and Fy(x)are the truth, indeterminate and falsity
grades lies in ] —0, 17 [.
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Definition 2 [6]. For the space X of objects contains a global elements x. A single valued neutrosophic
number represented by three degrees of membership grades T,(X),l1A(X) Fa(x) €[0, 1]. A single valued

neutrosophic set is defined by N = {(Ty (x), 1y (x), Fy (X))/x € X }

Definition 3[41].The three independent membership functions Truth (T), Indeterminacy (1), Falsity (F) for
the single valued trapezoidal neutrosophic number (SVTpNN) N =([N_,N,,N_, N ](T, .1, F,)) are defined by:

m a<x<b
b-a ’ b_ -
T , <x<c
7X)=1 @t
~ N , c<x<d
d-c
0 , otherwise
b-x+(x-a)ly a<x<b
b-a ’ T
Q( )_ |N , h<x<c
X=c+(d-x)1y c<x<d
d-c ’ T
0 , otherwise
b-x+(x-a)Fy a<x<b
b-a ' b_ -
F <x<e
X)= N '
g( ) m C<X<d
d-c T
0 , otherwise

Definition 4 [30].Let N; = <[N1a, Nips Nac, Nig KTas T FN1)> and N, :<[N2a' Na2b: N, Nag KTz, Iz FN2)> be
two SVTpNNs and p > Qbe any real number. Then

N1 ®N, = <[N1a +Noa, Ny +Nop, Nye + N, Nyg + Ny ](TN1 +Tyn, =Ty, T, o | N1|N2aFN1FN2)>
N; ® N, :<[N1aN2av N1y Nap, NicNac, NigNog ](TNlTNZ ng I, = IngIng, Py +Fn, — FNlFN2)>

PNy :<[lea'leb'pNh:’pNld]él_(l_TNl)p’Iﬁl1|:p)>

N1

ng = ( [ngong N 2 a- G- -2 )

3. Novel greedy method: The Dhouib-Matrix-TSP1 (DM-TSP1)

The Travelling Salesman Problem (TSP) is one of the most important combinatorial problems. It deals with
generating a minimal cycle between all cities (see Equation 1) where djj represents the distance between city i and
city j and x;; denotes a binary decision variable (x;= 1 if city i is related to city j otherwise x;; = 0).

Minimize:
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M-

itij X (1)

j=1

Il
LN

Subject to:

x

Il
=

Il
=
>

M- 7

I
JUN

Xi. :1, le,,n (2)

;=00rl, i=1..,n, j=1..,n

In order to obtain an initial basic feasible solution for the TSP, [32] designed a novel greedy method named
Dhouib-Matrix-TSP1 (DM-TSP1). Then, this method is enhanced to be a stochastic technique entitled Dhouib-
Matrix-TSP2 (DM-TSP2) in [33]. Hence, DM-TSP1 and DM-TSP2 are applied on several instances in [34]. Then,
an application of DM-TSP1 on TSP under fuzzy environment is depicted in [35, 36, 37] and its application on
neutrosophic domain is illustrated in [38,39]. Two new metaheuristics are recently developed and inspired from
DM-TSP1 and DM-TSP2: the iterated DM3 in [45] and the multi-start DM4 in [46].

The greedy heuristic DM-TSP1 is subdivized into four steps (see Figure 1). DM-TSPL1 is independent to the
statistical metrics (Min, Max, Average, ... etc.). In this paper, we will use the range function.

* Compute the sum for each row and write it on the right-hand side of the matrix. Next, find the minimal
sum value and select its row. Then, select the smallest element in this row which will specify the two
first cities x and y to be inserted in the list List-cifies {x, v}. Finally, discard the respected columns of city
x and city ».

*Find the minimal element for city x and for city y and select the smallest distance which will indicate

city z.

* Add city z to the list List-cifies and discard its column. Next, go to step 2 if there is not a discarded
column otherwise go to step 4.

*Modify the realizable solution in List-cifies in order to generate a cycle. First. to ensure that the starting
city will be at the first position, translate all the cities (one by one) before the starting one at the end of
the list. Second. duplicate the starting city at the last position.

Figure 1 Flow chart of the proposed new heuristic DM-TSP1

The score function developed in [11] is applied to transform the single value trapezoidal neutrosophic number
to crisp number (see Equation 1). LetN =([N_,N,,N_, N ](T. I ,F)) be a neutrosophic number so its score
function will be calculated as:
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so(n) = (N #2N, +2N N ) (247, -1, ’FW

18 1)

4. Application of DM-TSP1 on the neutrosophic Travelling Salesman Problem

This section aims to carry out the first optimization of the TSP under single valued trapezoidal neutrosophic
domain. The greedy method DM-TSP1 is proposed to generate the initial basic feasible solution. Moreover, a step-
wise application was conducted to test its validity. However, there are no instances for this variant of TSP, so we
create three numerical examples (presented in the next subsection).

4.1. Example 1

Let us consider an example of 5 cities where the distances are denoted by single valued trapezoidal

neutrosophic numbers (see Figure 2).

I <(1,4,918); <(56,9,19); <(3,91114); <(5,7,14,15);]
* 0.8,0.1,0.1> 08,02,01> 09,0101> 0.7,04,0.2>
<(1,4,9,18); <(1,5,7,11); <(3,816,21); <(3,9,1519);
0.8,0.1,0.1> * 0.8,0.3,02> 0.8,0.302> 0.80.20.3>
<(5,6,9,19); <(15,7,11); <(1,5,11,15); <(2,6,13,15);
0.8,0.2,0.1> 0.8,0.3,0.2> % 0.8,0.4,0.3> 0.7,0.1,0.1>
<(3,91114); <(3,8,16,21); <(151115); <(3,9,11,14);
0.9,0.1,0.1> 0.8,0.302> 0.8,0.4,03> * 0.8,0.2,0.2 >
<(5,7,14,15); <(3,9,15,19); <(2,6,13,15); <(3,9,11,14);
07,04,02> 08,0203> 070101> 080202> * |

Figure 2 Neutrosophic matrix

By applying the score function described by Equation 1, the crisp matrix is presented as follows (see Figure 3).

7.23]
8.94

[ 650 7.50 855
650 o 460 9.20
750 460 o 560 7.64
855 920 560 o 7.60
723 894 764 760

Figure 3 Crisp matrix

Now, compute the sum of each row and find the smallest which is equal to 25.34 at row 3 (see Figure 4).
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[ 650 7.50 855 7.23] 207g
650 o 460 920 8.94| 2994
750 [460] = 560 7.64
855 920 560 o 7.60| 30.95
1723 894 764 7.60 o | 3141

Figure 4 Select the smallest element in row 3

Then, select the smallest value in row 3 which is equal to 4.60 at position dsz, insert the corresponding city 3
and city 2 into List-cities {3-2} and remove their corresponding columns (see Figure 5).

(o 650 750 855 7.23]
650 = 460 920 894
750 [460] = [5.60] 7.64
855 920 560 o 7.60
1723 894 764 7.60

Figure 5 Discard columns 3 and 2

Hence, choose the smallest element between row 2 and row 3 (equal to 5.60) at position dss. Then, add city 4 to
List-cities {4-3-2} just before city 3 and discard its column (see Figure 6).

[ 650 7.50 855 7.23]
» 460 920 894
7.50 ® 560 7.64
8.55 920 560 = |7.60
1723 894 7.64 7.60

Figure 6 Discard column 4

Similarly, find the smallest element between rows 2 and 4 that is equal to 6.50 is at position dz1. Thus, add city
1 to the List-cities {4-3-2-1} just after city 2 and discard its column (see Figure 7).

[ 650 7.50 855 [7.23]
6.50 o 460 920 894
7.50 ® 560 7.64
8.55 920 560 o |7.60
1723 894 7.64 760 oo

Figure 7 Discard column 1
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Next select the smallest element between row 1 and row 4 that is equal to 7.23 at position dis. So, add city 5 to
List-cities {4-3-2-1-5} and remove its coresponding column (see Figure 8).
[f0 650 7.50 855 7.23]

650 o 460 920 3.94
7.50 ® 560 7.64
855 920 560 oo 760
1723 8.94 7.64 7.60 ‘oo

Figure 8 Discard column 5

To finish, generate a cycle from List-cities {4-3-2-1-5} by translating all cities before city 1 to the last position
and adding city 1 at the end {1-5-4-3-2-1}.

The crisp optimal solution for this problem is equal to 31.53 in which the neutrosophic optimal solution is
equal to N =((11, 30,52, 73);0.7,0.4,0.3) (see Figure 9).

Single Valued Trapezoidal Neutrosophic Set
Solution Generated by the Nowel Heuristic: 'Dhouib-Matrix-TSPL'

10 =\ o~

k'

0.8 1

06 1

04 1

02 1

00 1

10 20 30 40 50 60 70

Figure 9 Graphical representation of the single valued trapezoidal neutrosophic optimal solution

4.2. Example 2

The second example deals with 5x5 TSP matrix with single valued trapezoidal neutrosophic TSP (see Figure
10).
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<(1,5,8,9);
0.7,0.2,0.3 >
<(2,7,9,14);
0.6,0.1,0.4 >
<(5,6,9,15);
0.9,0.1,0.1>
<(7,8,11,13);

0.9,0.1,0.1>

iterations to solve this problem.

<(5,8,9);
0.7,0.2,0.3 >

<(2,4,6,8);
0.5,0.3,04 >
<(3,6,8,14);
0.7,0.1,0.2 >
<(5,7,8,13);
0.7,0.1,0.2 >

<(2,7,9,14);
0.6,0.1,0.4 >
<(2,4,6,8);

0.5,0.3,0.4 >

(1,3,7,15);
0.9,0.1,0.2
<(7,8,9,13);
0.6,0.3,0.1>

<(5,6,9,15);

0.9,0.1,0.1>
(3,6,8,14);
0.7,0.1,0.2
(1,3,7,15);
0.9,0.1,0.2

<(3,5,7,12);
0.8,0.3,0.1>

Figure 10 Neutrosophic matrix

4.40

o 440 5.60 7.50
o 3.00 6.00
560 300 o 520
750 6.00 520 oo

1870 6.40 6.60 5.20

8.70 |
6.40
6.60
5.20

0

Figure 11 Crisp matrix
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<(7,8,11,13); |
0.9,0.1,0.1>
<(5,7,8,13);
0.7,0.1,0.2 >
<(7,8,9,13);
0.6,0.3,0.1>
<(3,5,7,12);
0.8,0.3,0.1>

By applying the score function described by Equation 1, the crisp matrix is presented as follows (see Figure
11).

Figure 12, depicts the stepwise application of DM-TSP1 on 5x5 distance matrix. DM-TSP1 needs only n (n=5)
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© 440 560 750 870 2620 © 440 560 750 8.70]
440 o [3.00]6.00 640 440 | » | 300] 600 6.40
560 300 o 520 6.60]| 20.40 560 3.00 '« [520 |6.60
750 6.00 520 <« 520 23.90 750 600 520 <« 520
1870 640 660 520 o | 2690 870 640 660 520 o |
3) T 440 5.60 3707 4 T 440 560 750[ 870
440 6.00 6.40 440 » |300] 600 640
560 300 = [520 |6.60 560 300 @ 520 660
750 600 520 o« 5.0 750 600 520 w @
|870 640 660 520 o | 870 640 660 520 = |
o) [ 440 560 750 870]
440 o | 3.00]6.00 6.40 Convert this root {1-2-3-4-5}
560 300 o 520 6.60 to acycle: {1-2-3-4-5-1}
750 600 520 o 520 With cost=26.50
1870 640 660 520 (o |

Figure 12 Step by step application of the heuristic DM-TSP1 on 5x5 matrix

The crisp optimal solution for this problem is equal to 26.50 in which the neutrosophic optimal solution is
equal to N =((14, 25, 39,57);0.5,0.3,0.4) (See Figure 13).

Single Valued Trapezoidal Neutrosophic Set
Solution Generated by the Nowel Heuristic: 'Dhouib-Matrix-TSPL'

10 A

0.8 1

06 1

0.4 4

Figure 13 Graphical representation of the single valued trapezoidal neutrosophic optimal solution

4.3. Example 3
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o0

<(2,7,9,13);
0.9,0.1,0.1>
<(3,5,8,9);

0.9,0.3,0.2>
< (5,6,8,15);
0.9,0.1,0.1>
<(8,9,16,18);
0.7,0.4,0.5>
<(4,7,8,17);

09,0.1,0.1>

<(2,7,9,13);
0.9,0.1,0.1>

0

<(4,8,11,18);
0.9,0.,0.1>
<(3,9,12,19);
0.9,0.4,0.1>
<(8,9,15,16);
0.7,0.4,03>
<(2,8,16,18);
0.6,0.5,0.4 >

iterations to solve this problem.

<(3,5,8,9);
0.9,0.3,02>
<(4,8,11,18);
0.9,0.,0.1>

0

<(9,10,13,15);
0.7,0.4,0.5>
<(4,7,8,11);
0.9,0.1,0.1>
<(1,6,9,17);
0.8,0.2,0.2 >

Figure 14 Neutrosophic matrix

[ o 7.05 8.00
705 o 9.00
8.00 9.00 o
7.20 853 7.00
7.60 8.00 6.75

| 7.65 6.42 6.40

<(5,6,8,15);

0.9,0.1,0.1>
<(3,9,12,19);
0.9,0.4,0.1>
<(9,10,13,15);
0.7,0.4,05>

<(1,4,12,15);
0.9,0.1,0.1>
<(4,7,9,18);
0.7,0.3,0.1>

720 7.60 7.65]
8.53 8.00 6.42
7.00 6.75 6.40

o 720 6.90
720 o« 6.60

6.90 6.60

Figure 15 Crisp matrix
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<(8,9,16,18);
0.7,0.4,0.5>
<(8,9,15,16);
0.7,0.4,0.3>
<(4,7,811);
0.9,0.1,0.1>
< (1,4,12,15);
0.9,0.1,0.1>

0

<(1,2,12,15);
0.9,0.1,0.1>

<(4,7,817); ]
0.9,0.1,0.1>
<(2,8,16,18);
0.6,0.5,0.4 >
<(1,6,9,17);
0.8,0.2,0.2>
<(4,7,9,18);
0.7,0.3,0.1>
<(1,2,12,15);
0.9,0.1,0.1>

Figure 16, depicts the stepwise application of DM-TSP1 on 6x6 distance matrix. DM-TSP1 needs only n (n=6)

The third example presents a 6*6 TSP matrix with single valued trapezoidal neutrosophic numbers (see Figure
14).

By applying the score function described by Equation 1, the crisp matrix is presented as follows (see Figure
15).
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"ro 705 800 720 760 765]/3750 . [ 705 880 720 7.60 765
705 o 900 853 800 642| 3900 705 o 900 853 800 642
8.00 9.00 o 7.00 675 6.40| 37.15 8.00 9.00 @ 7.00[6.75| 6.40
720 853 7.00 o« 720 690| 36.83 720 853 7.00 o 720 690
760 800 675 720 » 660| 36.15 760 800 675 720 = 660
1765 642 [640] 690 660 |7.65 690 660 @

3 [« 705 800 720 7.60 7.65 T % 705 800 720 760 765

o 9.00 853 8.00 642 705] » 900 853 800 642
800 9.00 oo 7.00|6.75| 6.40 800 900 o 7.00 6.75 6.40
720 853 7.00 o 720 690 720 853 7.00 o 720 6.90
760 800 675 720 = 660 760 800 675 [720] » 660
7.65 642 [640] 690 660 = 17.65 642 [640] 690 660
' [ 705 s00 [720] 760 7.65 [ 705 800 720 760 7.65
705 o 900 853 800 642 705 o 900 853 800 642
800 900 <« 7.00 675 640 800 9.00 o« 7.00 675 640
720 853 7.00 o 720 690 720 853 7.00 o 720 690
760 800 675[720] = 6.60 760 800 675 720 » 660
1765 642 [640] 690 660 1765 642 [6.40] 690 660 =

Figure 16 Step by step application of the heuristic DM-TSP1 on 6x6 matrix

The crisp optimal solution for this problem is equal to 41.02 in which the neutrosophic optimal solution is
equal to N =((15,38,62,89);0.6,0.5,0.4) (See Figure 17).

Single Valued Trapezoidal Neutrosophic Set
Solution Generated by the Nowel Heuristic: 'Dhouib-Matrix-TSPL'

10 A

0.8 1

06
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Figure 17 Graphical representation of the single valued trapezoidal neutrosophic optimal solution

5. Conclusions

This article presents the first optimization of the Travelling Salesman Problem (TSP) under single valued
trapezoidal neutrosophic number. Several numerical examples are generated and the novel greedy method Dhouib-
Matrix-TSP1 (DM-TSP1) is applied in order to find an initial basic feasible solution after only n iterations (n is the
number of nodes). Acquired results are analyzed and graphical solutions are presented. As an extension of this
research work, we look to solve other combinatorial problems under neutrosophic domain.

Funding: “This research received no external funding”

Conflicts of Interest: “The authors declare no conflict of interest.”

References

[1] F. Smarandache, A Unifying Field in Logics: Neutrosophic Logic. Neutrosophy, Neutrosophic Set,
Neutrosophic Probability and Statistics, InfoLearnQuest, Philadelphia, PA, USA, 6th edition, 2007.

[2] M.R. Bonyadi, M.R. Azghadi, H.S. Hosseini, Solving Travelling Salesman Problem Using Combinational
Evolutionary Algorithm. In: Conference-Artificial Intelligence and Innovations 2007: from theory to
Applications, Proceedings of the 4" IFIP International Conference on Atrtificial Applications and
Innovations (AlAI 2007),19-21 September, Peania, Athens, Greece. 2007, doi: 10.1007/978-0-387-74161-
15

[3] Arindam Chaudhuri, Kajal De, A Study of the Traveling Salesman Problem Using Fuzzy Self Organizing
Map. In: The third international conference on Industrial and Information Systems, 2008, ICIIS 2008,
doi:10.1109/ICIINFS.2008.4798469

[4] S. M. Abdel-Moetty, Traveling salesman problem using neural network techniques, In: 2010 the 7 th
International Conference on Informatics and Systems, 2010, pp. 1-6.

[5] A. Garai, T.K. Roy, Intuitionistic Fuzzy Modeling to Travelling Salesman Problem. Internatonal Journal
of Computers & Technology, 2012, 11(9), 3015-3024.

[6] H.Wang, F. Smarandache, Y. Q. Zhang, and R. Sunderraman, Single valued neutrosophic sets, Multispace
and Multistructure, vol. 4, pp. 410413, 2010.

[7] Broumi, A. Bakali, M. Talea and F. Samarandache and L. Vladareanu, Computation of Shortest Path
Problem in a Network, with SV-Trapezoidal Neutrosophic Numbers, Proceedings of the 2016 International
Conference on Advanced Mechatronic Systems, Melbourne, Australia, 2016, pp. 417-422.

[8] A. Agarwal, Rajendra Singh, Comparative analysis of travelling salesman problem using metaheuristic
algorithms. In: The International Conference on Communication and Computing Systems (ICCCS-
2016)doi: 10.1201/9781315364094-153 .

[9] S. Broumi, A. Bakali, M. Talea, F. Smarandache, and L. Vladareanu, “Shortest path problem under
triangular fuzzy neutrosophic information,” in Proceedings of the 2016 10th International Conference on
Software, Knowledge, Information Management & Applications (SKIMA), Chengdu, China, December
2016.

[10] A. Dalia, B. Hafida, Y. Gningue, P. M. L. Takouda, H. Zhu, Improving The Nna For The Travelling
Salesman Problem Using The Mvm, International Journal of Latest Research in Science and Technology,
2016, 5(2):106-1009.

[11] Z. Zhao, Y. Chen, A Study on the Traveling Salesman Problem Using Genetic Algorithms. International
Journal of Simulation: Systems, Science & Technology, 2016, 17(36):40.1-40.

[12] A. Hatamlou, Solving Travelling Salesman Problem Using Heart Algorithm. International Journal of
Applied Evolutionary Computation, vol.8, no.4 2017: pp.32-42. http://doi.org/10.4018/IJAEC.2017100103

[13] S. Broumi, A. Bakali, M. Talea and F. Samarandache, Shortest Path problem under Trapezoidal
Neutrosophic Information, Computing Conference, 2017, pp.142-148.

DOI: https://doi.org/10.54216/1JNS.170205 155


http://dx.doi.org/10.1007/978-0-387-74161-1_5
http://dx.doi.org/10.1007/978-0-387-74161-1_5
http://dx.doi.org/10.1109/ICIINFS.2008.4798469
http://dx.doi.org/10.1201/9781315364094-153
https://www.researchgate.net/scientific-contributions/Almaatani-Dalia-2108193281?_sg%5B0%5D=OMjy1vDorOdDP3JQ-ImlvJ5Dcj61rzCjfKZ4Z-fpNm6RjT5s-7qjNdCidWRs0e6PoGphQxQ.GYmyUmdKB54pOMN_ZLRAkD1Vrv5sGNOVf1aN25pZc6OfhA2DKErtP5CqksAcuq47fDWgQjDD5UycxKVp_dr3lg.N1NUDZbFMwO0rGWaERkKWPOUQRRlKNuRx-Og8LdqK69YhjMQ6KXy4K6dShPCHPRirYlCI_4dz1bzTKSt2jcUvA&_sg%5B1%5D=Xc6slAVdP4z67QYg8xqkrzxLmy-8UzMLpg-KXilNXGbaEoXq4rVCYiL_MvcRH-66kK8XGW4.6xSHMlX3-NeGylBYJAOY1A8cB7Kv1VH7SjiSHMB35pIAR0UiKvzBF7uH57SauIs9XsfopiPzA7_30wOvAwNRYQ
https://www.researchgate.net/scientific-contributions/Boudjellaba-Hafida-2130729158?_sg%5B0%5D=OMjy1vDorOdDP3JQ-ImlvJ5Dcj61rzCjfKZ4Z-fpNm6RjT5s-7qjNdCidWRs0e6PoGphQxQ.GYmyUmdKB54pOMN_ZLRAkD1Vrv5sGNOVf1aN25pZc6OfhA2DKErtP5CqksAcuq47fDWgQjDD5UycxKVp_dr3lg.N1NUDZbFMwO0rGWaERkKWPOUQRRlKNuRx-Og8LdqK69YhjMQ6KXy4K6dShPCHPRirYlCI_4dz1bzTKSt2jcUvA&_sg%5B1%5D=Xc6slAVdP4z67QYg8xqkrzxLmy-8UzMLpg-KXilNXGbaEoXq4rVCYiL_MvcRH-66kK8XGW4.6xSHMlX3-NeGylBYJAOY1A8cB7Kv1VH7SjiSHMB35pIAR0UiKvzBF7uH57SauIs9XsfopiPzA7_30wOvAwNRYQ
https://www.researchgate.net/profile/Youssou-Gningue?_sg%5B0%5D=OMjy1vDorOdDP3JQ-ImlvJ5Dcj61rzCjfKZ4Z-fpNm6RjT5s-7qjNdCidWRs0e6PoGphQxQ.GYmyUmdKB54pOMN_ZLRAkD1Vrv5sGNOVf1aN25pZc6OfhA2DKErtP5CqksAcuq47fDWgQjDD5UycxKVp_dr3lg.N1NUDZbFMwO0rGWaERkKWPOUQRRlKNuRx-Og8LdqK69YhjMQ6KXy4K6dShPCHPRirYlCI_4dz1bzTKSt2jcUvA&_sg%5B1%5D=Xc6slAVdP4z67QYg8xqkrzxLmy-8UzMLpg-KXilNXGbaEoXq4rVCYiL_MvcRH-66kK8XGW4.6xSHMlX3-NeGylBYJAOY1A8cB7Kv1VH7SjiSHMB35pIAR0UiKvzBF7uH57SauIs9XsfopiPzA7_30wOvAwNRYQ
https://www.researchgate.net/profile/Pawoumodom-Takouda
https://www.researchgate.net/profile/Haibin-Zhu-2?_sg%5B0%5D=OMjy1vDorOdDP3JQ-ImlvJ5Dcj61rzCjfKZ4Z-fpNm6RjT5s-7qjNdCidWRs0e6PoGphQxQ.GYmyUmdKB54pOMN_ZLRAkD1Vrv5sGNOVf1aN25pZc6OfhA2DKErtP5CqksAcuq47fDWgQjDD5UycxKVp_dr3lg.N1NUDZbFMwO0rGWaERkKWPOUQRRlKNuRx-Og8LdqK69YhjMQ6KXy4K6dShPCHPRirYlCI_4dz1bzTKSt2jcUvA&_sg%5B1%5D=Xc6slAVdP4z67QYg8xqkrzxLmy-8UzMLpg-KXilNXGbaEoXq4rVCYiL_MvcRH-66kK8XGW4.6xSHMlX3-NeGylBYJAOY1A8cB7Kv1VH7SjiSHMB35pIAR0UiKvzBF7uH57SauIs9XsfopiPzA7_30wOvAwNRYQ
https://www.researchgate.net/scientific-contributions/Z-Zhao-2126812461?_sg%5B0%5D=XRGzXmQrlCThd3kQQQdvhot9oK7inWF_aj-_xaRE5yDIeuFdr9M05fkftv0mJHox1mri7l4.8P0ct4Fa2uPLnUiSXev6VIOE6cmTs41K7U70AlxCYtv2VAFhaKA-sewvQiQUKRIU2DVHQxjx8xNf2-NV0ceEkQ.22qIVYFw97352iERdy9ECx4SkUfbXFsINX9sNUiYNhccJuaQVooA1WDTI2P_R6WLDGymWA2pRR4hHroRL1UWmg&_sg%5B1%5D=tAYzqX68F-Y-uMkMAQOvcaP6Du-ozhPWGTk9ugGnD6719btlUJ19eWMtf97xmgJwIulvGmg.kirOIOUCylx7FX_iMHg7DQRLaguvJQ-ZSmtGUIxLaoQ_kskSSCs5FD4TMVfL406jsV9BE0oTAP3NOTOytgo6dA
https://www.researchgate.net/scientific-contributions/Y-Chen-2126796549?_sg%5B0%5D=XRGzXmQrlCThd3kQQQdvhot9oK7inWF_aj-_xaRE5yDIeuFdr9M05fkftv0mJHox1mri7l4.8P0ct4Fa2uPLnUiSXev6VIOE6cmTs41K7U70AlxCYtv2VAFhaKA-sewvQiQUKRIU2DVHQxjx8xNf2-NV0ceEkQ.22qIVYFw97352iERdy9ECx4SkUfbXFsINX9sNUiYNhccJuaQVooA1WDTI2P_R6WLDGymWA2pRR4hHroRL1UWmg&_sg%5B1%5D=tAYzqX68F-Y-uMkMAQOvcaP6Du-ozhPWGTk9ugGnD6719btlUJ19eWMtf97xmgJwIulvGmg.kirOIOUCylx7FX_iMHg7DQRLaguvJQ-ZSmtGUIxLaoQ_kskSSCs5FD4TMVfL406jsV9BE0oTAP3NOTOytgo6dA
http://doi.org/10.4018/IJAEC.2017100103

International Journal of Neutrosophic Science (IINS) V0l 17, No. 2, PP. 144-157, 2021

[14] S. Rana, S.R. Srivastava, Solving Travelling Salesman Problem Using Improved Genetic Algorithm.
Indian Journal of Science and Technology, 2017, 10(30), 1-6.

[15] 1.B.K. Widiartha, S.E. Anjarwani, F. Bimantoro, Traveling salesman problem using multi-element genetic
algorithm. In: 11 th International Conference on Telecommunication Systems Services and Applications
(TSSA), doi: 10.1109/TSSA.2017.8272917

[16] L. Ruxia, W. Jiangiang and Z. Hongyu, Evaluation of e-commerce websites: An integrated approach under
a single-valued trapezoidal neutrosophic environment. Knowledge-Based Systems, 2017, v. 135, no. 1, 44-
59.

[17] 1. Deli, Operations on Single Valued Trapezoidal Neutrosophic Numbers and SVTN-Group Decision
Making. Neutrosophic Sets and Systems, 2018, vol. 22, 131-150.

[18] K. Prabakaran, K. Ganesan, Fuzzy Hungarian Method for Solving Intuitionistic Fuzzy Travelling
Salesman Problem, Journal of Physics Conference Series, 2018, 1000(1):012008.

[19] A. Yadav, D. Garg, K. Singh, Kamleshwar, M.F. Alam, Traveling Salesman Problem Using Metaheuristic.
International Journal for Research in Applied Science & Engineering Technology (IJRASET), 2018,
6(1V), 1135-1138.

[20] N. Anitha, C. Vijayalakshmi, Implementation of Fuzzy Intuitionistic Algorithm for Traveling Salesman
Problem, EAI Endorsed Transactions on Energy Web, 2018, 5(18):154817.

[21] W. Fawaz, Solving traveling salesman problem using Kidney-Inspired algorithm. In Conference:
Conference: 2nd International Conference on Mathematics, Statistics & Information Technology (2nd
ICMSIT 2018), At: Tanta, Egypt, doi: 10.5281/zenodo.4587898.

[22] P. H. Yelmewad, B. Talawar, Near Optimal Solution for Traveling Salesman Problem using GPU. In:
Conference: 2018 IEEE International Conference on Electronics, Computing and Communication
Technologies (CONECCT), 2018, doi: 10.1109/CONECCT.2018.8482363.

[23] Broumi, S., Talea, M., Bakali, A., Smarandache, F., Lathamaheswari, M. and Nagarajan, D. (2019).
Shortest Path Problem in Fuzzy, Intuitionistic Fuzzy and Neutrosophic Environment: An Overview.
Complex and Intelligent Systems., Springer, https://doi.org/10.1007/s40747-019-0098-z

[24] A. Si, S. Das, Solving Travelling Salesman Problem Using Intuitionistic Fuzzy Set Based Genetic
Algorithm, In: Conference proceedings of National Conference on Device Modeling and Soft Computing
for real time applications (DMSC-2019), 20-26.

[25] M. Luo, S. Gu, Solve traveling salesman problem using EMF-CE algorithm, doi:
10.36227/techrxiv.13139042.v2, 2020.

[26] P. Rajeswari P, D. Maheswari, Travelling Salesman Problem Using Branch And Bound Technique.
International Journal of Mathematics Trends and Technology, 2020, 66(5), 202-206.

[27] R. Almahasne, B.T. Szabo, Quasi-Optimization of the Time Dependent Traveling Salesman Problem by
Intuitionistic Fuzzy Model and Memetic Algorithm. In Book: Computational Intelligence in Emerging
Technologies for Engineering Applications, 2020, doi:10.1007/978-3-030-34409-2_14.

[28] K. Murugesan, S. Dhanasekar, N. Mohana, Solving Fuzzy Assignment and Fuzzy Travelling Salesman
Problems Using R Software, 2020, doi: 10.37418/amsj.9.11.101

[29] V. Traneva, S. Tranev, An Intuitionistic Fuzzy Approach to the Travelling Salesman Problem, In book:
Large-Scale Scientific Computing, doi: 10.1007/978-3-030-41032-2_61, 2020

[30] A. Ruba, B. Szabo, L.T. Koczy, P. Foldesi, Optimization of the Time-Dependent Traveling Salesman
Problem Using Interval-Valued Intuitionistic Fuzzy Sets, 2020, doi: 10.3390/axioms9020053.

[31] T. Zhang, Q. Tao, J. Han, Solving Traveling Salesman Problems Using Ising Models with Simulated
Bifurcation. In: Conference: 2021 18th International SoC Design Conference (ISOCC), doi:
10.1109/1SOCC53507.2021.9613918.

[32] S. Dhouib, A New Column-Row Method for Traveling Salesman Problem: The Dhouib-Matrix-TSP1.
International Journal of Recent Engineering Science, 2021, v. 8, no. 1, 6-10, 10.14445/23497157/IJRES-
V8I1P102.

DOI: https://doi.org/10.54216/1JNS.170205 156


http://dx.doi.org/10.1109/TSSA.2017.8272917
https://www.researchgate.net/scientific-contributions/K-Prabakaran-2136556862?_sg%5B0%5D=pGhW3283QH0O-3GBC611gZnYLbHNAHB2Pxn4gawQMSkT40HPrEZS-RmXgvSRCMLDw8IEYXg.2yA-2IF6qKftT9FAvdVDULV0r0aoFhIQ4BmtAnvc4ZCWT8Rv4yOArXunD5YhFSRlinQo1eTG30LKY6yEj7W0mg.doAtbxT8YVL-P-TSIih-RfO1nV5jY45nGaKtykXHRu6Lng-kgGb4Yhh8my-QwxOrPaVzqZ7obP9aNblS-EQXyQ&_sg%5B1%5D=wJGwCa5T0t4WlsiWuTmnJgUqEsl-AYHRL9wDwvbCgou8Vcl0Jfo03x65qnp4Gmjfj0yH5Sk.IzwBv4tIDYXYvf_6e8b3wjFANJQo99XWHQx9A0RtTDcfZZDnnr0oLt2YvZWDNG7zcCb02EAETApXyA7w98swhw
https://www.researchgate.net/profile/N-Anitha?_sg%5B0%5D=L0GT_tlK3W4rrF8jp0GtyUQF9dle8dTFBw7gEh0sn2c7vjwFiHvZuWcFRCxeNSmr7Gfww-E.V72SEGZIvZbNUVNjAp9FMlrXNVP6ri0R8cE--TAjCzyW23HUxpgSbf0CxKisQItQCVKQfLTpENda_QV_4okPhg.D5J2YoypKgQZPWS2bI59tMWXI505TKuB8X-mhnX1vYreyqtDk_eKsyTjVwYH8bkkkg7Pe33-2tiUSargSF_0Ig&_sg%5B1%5D=NLq25jwgvvEHlhublT5IcR4gL3Qt5cmhCCL4q9CHQ43nQFczBUZq6_nZZrRA4nmn18KIwhA.d4vahVjuL7PjWCy_cdMQJDAP1MCj4sGVIknFYaRIcWe4hfvmdO53a4RFGmEoV1l1nsW8d9p7-gOHM9xjoWNKNw
https://www.researchgate.net/scientific-contributions/C-Vijayalakshmi-2107551504?_sg%5B0%5D=L0GT_tlK3W4rrF8jp0GtyUQF9dle8dTFBw7gEh0sn2c7vjwFiHvZuWcFRCxeNSmr7Gfww-E.V72SEGZIvZbNUVNjAp9FMlrXNVP6ri0R8cE--TAjCzyW23HUxpgSbf0CxKisQItQCVKQfLTpENda_QV_4okPhg.D5J2YoypKgQZPWS2bI59tMWXI505TKuB8X-mhnX1vYreyqtDk_eKsyTjVwYH8bkkkg7Pe33-2tiUSargSF_0Ig&_sg%5B1%5D=NLq25jwgvvEHlhublT5IcR4gL3Qt5cmhCCL4q9CHQ43nQFczBUZq6_nZZrRA4nmn18KIwhA.d4vahVjuL7PjWCy_cdMQJDAP1MCj4sGVIknFYaRIcWe4hfvmdO53a4RFGmEoV1l1nsW8d9p7-gOHM9xjoWNKNw
http://dx.doi.org/10.5281/zenodo.4587898
https://www.researchgate.net/profile/Pramod-Yelmewad?_sg%5B0%5D=jvkLxlsn9sSaBN5btEG5Hvmskq3UOLjcAFtvbVf8jfS8u7SkHIxS1aIubz1wgZNJ5llsovQ.87_ygGOkI-lTUITF0SDE1fRzC-PrrqJWLSAueesFuOnlYCw-6BPdOSR6Y676eveMT-G6lD-uSuzr5qujHopgWg.WMC4ijKy0G0z7qmAWmZ4WzIbAjbQvHRL0XENusMiF4WdCfvOVHuCvOfiFI7AXvvqNiGng9KhebfzkrrglkeYLA&_sg%5B1%5D=K1oQWGsq5ySYlsVa9fGy8Z49t8ph7dqf83H59Ob-bVWtM0isdvu4f9XV-c4EeFNZ7pMAq-Q.mTHDXeghbjenZBLODpqabmRgt5WM10oQ8LJd1F1c6s-nqjotmD5MlRAHhnRh3RimNJ0uAG4ondU6vSMJLx9UCw
https://www.researchgate.net/profile/Basavaraj-Talawar?_sg%5B0%5D=jvkLxlsn9sSaBN5btEG5Hvmskq3UOLjcAFtvbVf8jfS8u7SkHIxS1aIubz1wgZNJ5llsovQ.87_ygGOkI-lTUITF0SDE1fRzC-PrrqJWLSAueesFuOnlYCw-6BPdOSR6Y676eveMT-G6lD-uSuzr5qujHopgWg.WMC4ijKy0G0z7qmAWmZ4WzIbAjbQvHRL0XENusMiF4WdCfvOVHuCvOfiFI7AXvvqNiGng9KhebfzkrrglkeYLA&_sg%5B1%5D=K1oQWGsq5ySYlsVa9fGy8Z49t8ph7dqf83H59Ob-bVWtM0isdvu4f9XV-c4EeFNZ7pMAq-Q.mTHDXeghbjenZBLODpqabmRgt5WM10oQ8LJd1F1c6s-nqjotmD5MlRAHhnRh3RimNJ0uAG4ondU6vSMJLx9UCw
http://dx.doi.org/10.1109/CONECCT.2018.8482363
https://doi.org/10.1007/s40747-019-0098-z
https://www.researchgate.net/profile/Amalendu-Si-2?_sg%5B0%5D=LECedmsgmkNwfnWabntw3dxU5KNsTEsXI8Zqlbf5l8Ysp8gJbyrP6XqDRBZ2u68JiCAg0kU.yNmNsttZNXWhzb9JCC7fHOi_GgkGEKikkHYHTt_cAnq45aPGBXHx7F7zlN6VzYe6dbIe2GB4K3CvKVFFAcIvew.hbD7X9EM0ZrEZLiBVn3xJaqtlGFJttPM3wYF39iSLotD_UqcGuFYcpO9FnaT5bISVdhaxh8wnUmyUaXQTUgnrg&_sg%5B1%5D=LwvjW1Wqh2cdFCDtshifgT792MsxXCz7SGGfai8IanxqMcu60M01YJMB1fuRhhyHTKW--2Y.5GHDBHbIXth6GuzN7X7ILGTJJXZe7_js6vGKwDI2yPOcJtDrzwm0OyBBl25Rp0QxxWri15Lqg2CSWPkKLq5K5Q
https://www.researchgate.net/profile/Sujit-Das-10?_sg%5B0%5D=LECedmsgmkNwfnWabntw3dxU5KNsTEsXI8Zqlbf5l8Ysp8gJbyrP6XqDRBZ2u68JiCAg0kU.yNmNsttZNXWhzb9JCC7fHOi_GgkGEKikkHYHTt_cAnq45aPGBXHx7F7zlN6VzYe6dbIe2GB4K3CvKVFFAcIvew.hbD7X9EM0ZrEZLiBVn3xJaqtlGFJttPM3wYF39iSLotD_UqcGuFYcpO9FnaT5bISVdhaxh8wnUmyUaXQTUgnrg&_sg%5B1%5D=LwvjW1Wqh2cdFCDtshifgT792MsxXCz7SGGfai8IanxqMcu60M01YJMB1fuRhhyHTKW--2Y.5GHDBHbIXth6GuzN7X7ILGTJJXZe7_js6vGKwDI2yPOcJtDrzwm0OyBBl25Rp0QxxWri15Lqg2CSWPkKLq5K5Q
https://www.researchgate.net/scientific-contributions/Meng-Luo-2184096817?_sg%5B0%5D=jmoOUyPJGTeN-1FUwxCyVQFBWZGhV_d5xGGwH8gt0jStmuQJvfvqzpYhIyOhid3exucmArQ.cAgOYV2cnK-yj7uO3EBr3t9TYPOH-TxiOHmZ2Go361wt77o04Z-NB8TfsyGuQa4RMuo2xRm9pRnsnCKvXAPQBA.MiD9E3HHoMh_IhMDbRzQoOpyWQpg3v3hXVge2DfrHyQYlGQV-lAGuCZEibXwgxsO8chzQ_7IwsOQfqg7YbMCwg&_sg%5B1%5D=blULEDw0lnFOpxUBwME-VF0Uysh9olYhz-4AdONymM6m92FPfVaxQ3OBJpQUypE61OfNiYM.PgZy00MHr-FK93JJsrF0gCBmY4c2iIpUBBK5NhTctTYsuyVTabMRyYTWjzEAWcZjWVLP-SbBVV8arNGrHgHLFA
https://www.researchgate.net/scientific-contributions/Shiliang-Gu-2184682495?_sg%5B0%5D=jmoOUyPJGTeN-1FUwxCyVQFBWZGhV_d5xGGwH8gt0jStmuQJvfvqzpYhIyOhid3exucmArQ.cAgOYV2cnK-yj7uO3EBr3t9TYPOH-TxiOHmZ2Go361wt77o04Z-NB8TfsyGuQa4RMuo2xRm9pRnsnCKvXAPQBA.MiD9E3HHoMh_IhMDbRzQoOpyWQpg3v3hXVge2DfrHyQYlGQV-lAGuCZEibXwgxsO8chzQ_7IwsOQfqg7YbMCwg&_sg%5B1%5D=blULEDw0lnFOpxUBwME-VF0Uysh9olYhz-4AdONymM6m92FPfVaxQ3OBJpQUypE61OfNiYM.PgZy00MHr-FK93JJsrF0gCBmY4c2iIpUBBK5NhTctTYsuyVTabMRyYTWjzEAWcZjWVLP-SbBVV8arNGrHgHLFA
http://dx.doi.org/10.36227/techrxiv.13139042.v2
http://dx.doi.org/10.1007/978-3-030-34409-2_14
http://dx.doi.org/10.37418/amsj.9.11.101
https://www.researchgate.net/profile/Velichka-Traneva?_sg%5B0%5D=c4esfrLqBrylWVYX2ZYC8wE8CSpZVAmeq7LXEUXaTeeOZBmaT8M3wXrt0yA3OH1EqPMoCPA.96pbWrRxKDckfRWMiCmdCLi-azNMqI_c7MlQsUrCBd6raEDNdVbYDDGiMtzkplzxuH8KvTv6xZpMfyt9SVmmHg.uDVR_yAuzIYdmi94PU38prUHrTMe5l0aEkHIoXxDm71Hbjowv7DOzkSxzTWpOlM-ZPL02D4g9f3g8O5-RLDUrQ&_sg%5B1%5D=9n6uBiA0d-wn7hHHzzKY6FcGzBK0Q5m1hakGoOUC-VkjnCk8dse40-b883RAwGUUDdAn4e0.rj8ON_oPaIZMZKL07i1Www5nrsYgGpgXbdvuklaxtBCDTs9M9-BNZkvkyrdafXNTGAM1YmNmoZ6Xn3BVA0osmA
https://www.researchgate.net/scientific-contributions/Stoyan-Tranev-2143982503?_sg%5B0%5D=c4esfrLqBrylWVYX2ZYC8wE8CSpZVAmeq7LXEUXaTeeOZBmaT8M3wXrt0yA3OH1EqPMoCPA.96pbWrRxKDckfRWMiCmdCLi-azNMqI_c7MlQsUrCBd6raEDNdVbYDDGiMtzkplzxuH8KvTv6xZpMfyt9SVmmHg.uDVR_yAuzIYdmi94PU38prUHrTMe5l0aEkHIoXxDm71Hbjowv7DOzkSxzTWpOlM-ZPL02D4g9f3g8O5-RLDUrQ&_sg%5B1%5D=9n6uBiA0d-wn7hHHzzKY6FcGzBK0Q5m1hakGoOUC-VkjnCk8dse40-b883RAwGUUDdAn4e0.rj8ON_oPaIZMZKL07i1Www5nrsYgGpgXbdvuklaxtBCDTs9M9-BNZkvkyrdafXNTGAM1YmNmoZ6Xn3BVA0osmA
http://dx.doi.org/10.1007/978-3-030-41032-2_61
https://www.researchgate.net/profile/Ruba-Almahasne?_sg%5B0%5D=PBG-no8DwR3mjClLkA8rrsZqJHaW7eJNE4vrFigdettt5LiVOCW-Gq1YG4E2KMnJ4DVOAwA.NksWholHK6LWXEfGGL2cCfOew8VqFFmvMoguXJOQ3A1PkA1tLJsEboWWNeLExSqWmIDgR5mbPCvsRRKRETas8w.Q2f3ul4JslCzj0o2-NECzkt334ZoX_Yx5y-luoF9Scm_SuV0Z6za8f98t654HKHVHyymHbvLDH86xumPw_DNBA&_sg%5B1%5D=sTxwHSCBxaQ53mabtxtY0NwRDFfkmE1xLhehVez0dA8CXwIf8rThiPOILHpkCpMkAlcq7kw.iBVJQRizjCq-vbiy4W4rgYqqClIwM8o52HSHZZJHBhpaCL9LZPBnipCv_m902Sl6lnGvlqQlg2jvjrD9Imxitw
https://www.researchgate.net/profile/Boldizsar-Tueu-Szabo?_sg%5B0%5D=PBG-no8DwR3mjClLkA8rrsZqJHaW7eJNE4vrFigdettt5LiVOCW-Gq1YG4E2KMnJ4DVOAwA.NksWholHK6LWXEfGGL2cCfOew8VqFFmvMoguXJOQ3A1PkA1tLJsEboWWNeLExSqWmIDgR5mbPCvsRRKRETas8w.Q2f3ul4JslCzj0o2-NECzkt334ZoX_Yx5y-luoF9Scm_SuV0Z6za8f98t654HKHVHyymHbvLDH86xumPw_DNBA&_sg%5B1%5D=sTxwHSCBxaQ53mabtxtY0NwRDFfkmE1xLhehVez0dA8CXwIf8rThiPOILHpkCpMkAlcq7kw.iBVJQRizjCq-vbiy4W4rgYqqClIwM8o52HSHZZJHBhpaCL9LZPBnipCv_m902Sl6lnGvlqQlg2jvjrD9Imxitw
https://www.researchgate.net/profile/Laszlo-Koczy?_sg%5B0%5D=PBG-no8DwR3mjClLkA8rrsZqJHaW7eJNE4vrFigdettt5LiVOCW-Gq1YG4E2KMnJ4DVOAwA.NksWholHK6LWXEfGGL2cCfOew8VqFFmvMoguXJOQ3A1PkA1tLJsEboWWNeLExSqWmIDgR5mbPCvsRRKRETas8w.Q2f3ul4JslCzj0o2-NECzkt334ZoX_Yx5y-luoF9Scm_SuV0Z6za8f98t654HKHVHyymHbvLDH86xumPw_DNBA&_sg%5B1%5D=sTxwHSCBxaQ53mabtxtY0NwRDFfkmE1xLhehVez0dA8CXwIf8rThiPOILHpkCpMkAlcq7kw.iBVJQRizjCq-vbiy4W4rgYqqClIwM8o52HSHZZJHBhpaCL9LZPBnipCv_m902Sl6lnGvlqQlg2jvjrD9Imxitw
https://www.researchgate.net/profile/Peter-Foldesi?_sg%5B0%5D=PBG-no8DwR3mjClLkA8rrsZqJHaW7eJNE4vrFigdettt5LiVOCW-Gq1YG4E2KMnJ4DVOAwA.NksWholHK6LWXEfGGL2cCfOew8VqFFmvMoguXJOQ3A1PkA1tLJsEboWWNeLExSqWmIDgR5mbPCvsRRKRETas8w.Q2f3ul4JslCzj0o2-NECzkt334ZoX_Yx5y-luoF9Scm_SuV0Z6za8f98t654HKHVHyymHbvLDH86xumPw_DNBA&_sg%5B1%5D=sTxwHSCBxaQ53mabtxtY0NwRDFfkmE1xLhehVez0dA8CXwIf8rThiPOILHpkCpMkAlcq7kw.iBVJQRizjCq-vbiy4W4rgYqqClIwM8o52HSHZZJHBhpaCL9LZPBnipCv_m902Sl6lnGvlqQlg2jvjrD9Imxitw
http://dx.doi.org/10.3390/axioms9020053
https://www.researchgate.net/scientific-contributions/Tingting-Zhang-2208177714?_sg%5B0%5D=lchg-n7gb-zh-iFQTS6-ukFslqGYH78fHw3kP3hmLxIOqJ1Y-sl_v9ijs3XBon9z2X-1pGg.Ef5S_I_Q1ZO0a0B66jumDIaImJO4AuP0hZ16OUxXlp_fWtOmIyMTbdX3bG_3bFZPiiMH3jYJ372Zo0d7H44bSA.QJhZmRX7Bk6u0EEEGM4MDhi0uMCbk_RIdlbwDaaOHSx_BxxSwvDGcXqZAM0VFS10eiRst0-dk4fWv-A70hEWLw&_sg%5B1%5D=lfEpVanfK5IBhNQ9j_PLf2ULmcvp3h-rFPV_LJNkzc2cVvp6Dbkk5_ftWhAUL-dFWDnkPC8.aGSwruCW9eSRHo0WW3WlOOhU1YkDtq8pE9-5KPMHzgbd9Hj_fgvV5fRxjMCuOd5yGZtVOebz-li1MXfw0GHdRA
https://www.researchgate.net/scientific-contributions/Qichao-Tao-2208177036?_sg%5B0%5D=lchg-n7gb-zh-iFQTS6-ukFslqGYH78fHw3kP3hmLxIOqJ1Y-sl_v9ijs3XBon9z2X-1pGg.Ef5S_I_Q1ZO0a0B66jumDIaImJO4AuP0hZ16OUxXlp_fWtOmIyMTbdX3bG_3bFZPiiMH3jYJ372Zo0d7H44bSA.QJhZmRX7Bk6u0EEEGM4MDhi0uMCbk_RIdlbwDaaOHSx_BxxSwvDGcXqZAM0VFS10eiRst0-dk4fWv-A70hEWLw&_sg%5B1%5D=lfEpVanfK5IBhNQ9j_PLf2ULmcvp3h-rFPV_LJNkzc2cVvp6Dbkk5_ftWhAUL-dFWDnkPC8.aGSwruCW9eSRHo0WW3WlOOhU1YkDtq8pE9-5KPMHzgbd9Hj_fgvV5fRxjMCuOd5yGZtVOebz-li1MXfw0GHdRA
https://www.researchgate.net/scientific-contributions/Jie-Han-2208179081?_sg%5B0%5D=lchg-n7gb-zh-iFQTS6-ukFslqGYH78fHw3kP3hmLxIOqJ1Y-sl_v9ijs3XBon9z2X-1pGg.Ef5S_I_Q1ZO0a0B66jumDIaImJO4AuP0hZ16OUxXlp_fWtOmIyMTbdX3bG_3bFZPiiMH3jYJ372Zo0d7H44bSA.QJhZmRX7Bk6u0EEEGM4MDhi0uMCbk_RIdlbwDaaOHSx_BxxSwvDGcXqZAM0VFS10eiRst0-dk4fWv-A70hEWLw&_sg%5B1%5D=lfEpVanfK5IBhNQ9j_PLf2ULmcvp3h-rFPV_LJNkzc2cVvp6Dbkk5_ftWhAUL-dFWDnkPC8.aGSwruCW9eSRHo0WW3WlOOhU1YkDtq8pE9-5KPMHzgbd9Hj_fgvV5fRxjMCuOd5yGZtVOebz-li1MXfw0GHdRA
http://dx.doi.org/10.1109/ISOCC53507.2021.9613918

International Journal of Neutrosophic Science (IINS) V0l 17, No. 2, PP. 144-157, 2021

[33] S. Dhouib, Stochastic Column-Row Method for Travelling Salesman Problem: the Dhouib-Matrix-TSP2.
International Journal of Engineering Research & Technology, 2021,v. 10, no. 3, 524-527.

[34] Dhouib S. Minimizing the Total Distance for the Supply Chain Problem Using Dhouib-Matrix-TSP2
Method. International Journal of Advanced Research in Engineering and Technology, 2021, v. 12, no. 5,
1-12, DOI: 10.34218/IJARET.12.5.2021.001.

[35] S. Dhouib, Haar Dhouib-Matrix-TSP1 Method to Solve Triangular Fuzzy Travelling Salesman Problem.
Research Journal of Recent Sciences, 2021, v. 10,no, 3, 18-20.

[36] M. Miledi, S. Dhouib and T. Loukil, Dhouib-Matrix-TSP1 Method to Optimize Octagonal Fuzzy
Travelling Salesman Problem Using a-Cut Technique, International Journal of Computer and Information
Technology, 2021, v. 10, no. 3, 130-133, DOI: 10.24203/ijcit.v10i3.105.

[37] Sa. Dhouib and S. Dhouib, Optimizing the Trapezoidal Fuzzy Travelling Salesman Problem Through
Dhouib-Matrix-TSP1 Method Based on Magnitude Technique. International Journal of Scientific Research
in Mathematical and Statistical Sciences, 2021, v. 8, no. 2, 1-4, DOI: 10.26438/ijsrmss/v8i2.14.

[38] S. Dhouib, Neutrosophic Triangular Fuzzy Travelling Salesman Problem Based on Dhouib-Matrix-TSP1
Heuristic. International Journal of Computer and Information Technology, 2021, v. 10, no. 5, 180-183,
DOI: 10.24203/ijcit.v10i5.154.

[39] S. Dhouib, Optimization of Travelling Salesman Problem on Single Valued Triangular Neutrosophic
Number using Dhouib-Matrix-TSP1 Heuristic. International Journal of Engineering, 2021, v. 34, no. 12,
2642-2647, DOI: 10.5829/1JE.2021.34.12C.09.

[40] K. P. Sikkannan and V. Shanmugavel, Sorting out fuzzy transportation problems via ECCT and standard
deviation, 10 Mathematical Problems in Engineering International Journal of Operations Research and
Information Systems, vol. 12, no. 2, 2021.

[41] S. Dhouib, Solving the Single-valued Trapezoidal Neutrosophic Transportation Problmes through the
Novel Dhouib-Matrix-TP1-Heuristic. Mathematical Problems in Engineering, 2021, 1-11.

[42] Boualem S.M, BoudjelalMeftah, Debbat F, Solving Travelling Salesman Problem Using a Modified Grey
Wolf Optimizer. In Book: Artificial Intelligence and Heuristic for Smart Efficiency in Smart Cities, 2022,
doi: 10.1007/978-3-030-92038-8 71

[43] S. A. M. Boualem, B. Meftah, D. Fatima, Solving Travelling Salesman Problem Using a Modified Grey
Wolf Optimizer. In Book: Artificial Intelligence and Heuristics for Smart Energy Efficiency in Smart
Cities, doi: 10.1007/978-3-030-92038-8_71, 2022.

[44] Ankita, Travelling Salesman Problem Using GA-ACO Hybrid Approach: A Review. In: Kumar A.,
Senatore S., Gunjan V.K. (eds) ICDSMLA 2020. Lecture Notes in Electrical Engineering, 2022, vol
783. Springer, Singapore. https://doi.org/10.1007/978-981-16-3690-5 11.

[45] S. Dhouib, Novel Metaheuristic based on Iterated Constructive Stochastic Heuristic: Dhouib-Matrix-3
(DM3). Applied Computational Intelligence and Soft Computing, In Press.

[46] S. Dhouib, Multi-Start Constructive Method Through Descriptive Statistics Metrics to Solve Travelling
Salesman Problem: The Dhouib-Matrix-TSP4 Metaheuristic.International Journal of Operational
Research, In Press.

DOI: https://doi.org/10.54216/1JNS.170205 157


http://dx.doi.org/10.1007/978-3-030-92038-8_71
https://www.researchgate.net/profile/Sid-Ahmed-Boualem?_sg%5B0%5D=suubkVwGRAU4ckyAfbG80haEpIZhStJMz3VzeSHNgp4eTnQ6tVHmGDwPtMhwygqv-IELsrI.CLvJba5mqs2SIxC_V1Xz82ct-P-64vkevRIq1TrDXJRIX_tkf-fjWk4OAObr0e4WBVVacwy5acdBt-jVj5tMYw.DNjqJrRSw-1sVeMY86tvnIS3JoyZv8LRIU0LOGiLbjInRyRNIRvphVp-NdisgzN16ljimsodAvovRlQaGH7Wug&_sg%5B1%5D=SZkMY3P3cKjmtQjftACWgFmb1_ngV9hCL7GN1r5h0vAPPLMC2aK0eSLCzPWx3kI4gWZTO5g.Y3yuUCvqdBcKIIuAeHdDajbOajZl3gI2iQ-HuAIZU7jdXxGW0wbJIaNOkCLOhYEX0JNmfHHXHu_YFLp8-81SZw
https://www.researchgate.net/profile/Boudjelal-Meftah?_sg%5B0%5D=suubkVwGRAU4ckyAfbG80haEpIZhStJMz3VzeSHNgp4eTnQ6tVHmGDwPtMhwygqv-IELsrI.CLvJba5mqs2SIxC_V1Xz82ct-P-64vkevRIq1TrDXJRIX_tkf-fjWk4OAObr0e4WBVVacwy5acdBt-jVj5tMYw.DNjqJrRSw-1sVeMY86tvnIS3JoyZv8LRIU0LOGiLbjInRyRNIRvphVp-NdisgzN16ljimsodAvovRlQaGH7Wug&_sg%5B1%5D=SZkMY3P3cKjmtQjftACWgFmb1_ngV9hCL7GN1r5h0vAPPLMC2aK0eSLCzPWx3kI4gWZTO5g.Y3yuUCvqdBcKIIuAeHdDajbOajZl3gI2iQ-HuAIZU7jdXxGW0wbJIaNOkCLOhYEX0JNmfHHXHu_YFLp8-81SZw
https://www.researchgate.net/profile/Debbat-Fatima?_sg%5B0%5D=suubkVwGRAU4ckyAfbG80haEpIZhStJMz3VzeSHNgp4eTnQ6tVHmGDwPtMhwygqv-IELsrI.CLvJba5mqs2SIxC_V1Xz82ct-P-64vkevRIq1TrDXJRIX_tkf-fjWk4OAObr0e4WBVVacwy5acdBt-jVj5tMYw.DNjqJrRSw-1sVeMY86tvnIS3JoyZv8LRIU0LOGiLbjInRyRNIRvphVp-NdisgzN16ljimsodAvovRlQaGH7Wug&_sg%5B1%5D=SZkMY3P3cKjmtQjftACWgFmb1_ngV9hCL7GN1r5h0vAPPLMC2aK0eSLCzPWx3kI4gWZTO5g.Y3yuUCvqdBcKIIuAeHdDajbOajZl3gI2iQ-HuAIZU7jdXxGW0wbJIaNOkCLOhYEX0JNmfHHXHu_YFLp8-81SZw
http://dx.doi.org/10.1007/978-3-030-92038-8_71
https://doi.org/10.1007/978-981-16-3690-5_11

