Journal of Physics: Conference a::?. PURPOSE'LED
Series “wg# PUBLISHING™

PAPER « OPEN ACCESS You may also like

e-open Sets in N__-Topological Spaces

Neutrosophic Travelling Salesman Problem in A Vadiel and P Thangaraja
Trapezoidal Fuzzy number using Branch and —

production planning in manufacturing
H systems
BOU nd TeCh n | q U e Kuppulakshmi Vadivel, Sugapriya

Chandrasekar, Nagarajan
Deivanayagampillai et al.

To cite this article: S. Subasri and K. Selvakumari 2019 J. Phys.: Conf. Ser. 1362 012098 _ ) ) )
- Separation Axioms in N__ Topological

Spaces via N__e-open Sets
V. Sudha, A. Vadivel and S. Tamilselvan

View the article online for updates and enhancements.

The Electrochemical Society

Advancing solid state & electrochemical science & technology

247th ECS Meeting

Montréal, Canada

May 18-22, 2025
Palais des Congrés de Montreal

Abstracts
due

December
6th

Showcase your-science!

This content was downloaded from IP address 49.207.181.65 on 01/10/2024 at 12:32


https://doi.org/10.1088/1742-6596/1362/1/012098
https://iopscience.iop.org/article/10.1088/1742-6596/1724/1/012007
https://iopscience.iop.org/article/10.1088/1742-6596/1724/1/012007
https://iopscience.iop.org/article/10.1088/1742-6596/1724/1/012007
https://iopscience.iop.org/article/10.1088/2631-8695/ad6ad3
https://iopscience.iop.org/article/10.1088/2631-8695/ad6ad3
https://iopscience.iop.org/article/10.1088/2631-8695/ad6ad3
https://iopscience.iop.org/article/10.1088/1742-6596/1724/1/012014
https://iopscience.iop.org/article/10.1088/1742-6596/1724/1/012014
https://iopscience.iop.org/article/10.1088/1742-6596/1724/1/012014
https://iopscience.iop.org/article/10.1088/1742-6596/1724/1/012014
https://iopscience.iop.org/article/10.1088/1742-6596/1724/1/012014
https://iopscience.iop.org/article/10.1088/1742-6596/1724/1/012014
https://iopscience.iop.org/article/10.1088/1742-6596/1724/1/012014
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssLHc1KBvVGdlMndC_hqGqITAIao4IET7tDG5sSn4b78BIMbLlyvzMmAd7-b9zbXJtzMWD5OusbbRTx5dkFQkEPDWIUlUOc0aVKE1K9bQXHbVMmOcw5a6G29C447H8-ZE1aJqD3aXZxadF1Af2pzie0ZDsyJqfmALWLs_p5ZTo2uNBA_TlAwC-SnIp8rgBv2BJ0aNlklcYAZuCrP8yLpcDqlaGs2PBnsRqXjwhtHG2EwAAYvyj1knwgLB0gluXZmDol-EHxXXmD4kUZ7nDuUEQbGTgnryY3a9qegRuDfufNy0uaOP8XrvFVfGI2o0FkdpxjlhW-WMz1QXscSgm3CAOH9_DIWD9aDuGxGac6jHac&sig=Cg0ArKJSzKmxi1KlmGCG&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.electrochem.org/247/%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3DIOP_247_abstract_submission%26utm_id%3DIOP%2B247%2BAbstract%2BSubmission

International Conference on Physics and Photonics Processes in Nano Sciences

Journal of Physics: Conference Series 1362 (2019) 012098  doi:10.1088/1742-6596/1362/1/012098

Neutrosophic Travelling Salesman Problem in Trapezoidal
Fuzzy number using Branch and Bound Technique

S. Subasri! and K. Selvakumari?
'Research Scholar, Department of Mathematics,
Vels Institute of Science, Technology and Advanced Studies, Chennai, Tamilnadu.
2Professor, Department of Mathematics,
Vels Institute of Science, Technology and Advanced Studies, Chennai, Tamilnadu.

subamyl @ gmail.com1, selvafeb6 @ gmail.com?

ABSTRACT--Travelling salesman problem is a well-known studied problem and intensely used in
combinatorial optimization. In this article, we discuss a Neutrosophic fuzzy travelling salesman problem in
which each element is considered as a Neutrosophic trapezoidal fuzzy numbers. Here, we provide the Branch
and Bound technique is to find the optimal solution. The efficiency of this method is proved by solving a
numerical example.

Keywords: Neutrosophic fuzzy number, Trapezoidal Neutrosophic fuzzy number, Branch and Bound
technique.

1. INTRODUCTION

The travelling salesman problem was first introduced by Irish Mathematician W.R. Hamilton. Travelling
salesman problem is a well-known popular and extensively studied problem in the field of combinatorial
optimization. In the general form of travelling salesman problem, a salesman has to visits the entire cities
only once and return to the home town with minimum cost. The design of the problem is simple. Fuzzy
sets were proposed by Prof. L.A. Zadeh in 1965, to handle data and information feature of non-statistical
ambiguity. One of the main applications of fuzzy arithmetic is accommodated the parameters and is
represented by a fuzzy number.

The Neutrosophic set was first proposed by F. Smarandache in 1995. The concept of Neutrosophic
components are characterized by three truth, indeterminacy and falsity membership values respectively
and it is non-standard unit interval. Here, we generate the Neutrosophic trapezoidal fuzzy number to
Neutrosophic number by using the graded mean ranking. To find the optimal solution of Neutrosophic
trapezoidal fuzzy travelling salesman problem by the method called Branch and Bound technique.
Numerical example also included to clear the optimization.

2. II. PRELIMINARIES
A. Definition [11]

A fuzzy set is characterized by its membership function taking values from the domain, space or the
universe of discourse mapped into the unit interval [0,1]. A fuzzy set A in the universal set X is defined
as A = {(x, Ua (x)) /xeX } Here py(x): A — [0,1] is the grade of the membership function and py(x) is
the grade value of x € X in the fuzzy set A.

B. 2.2 Definition [11]
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A fuzzy set A is called Normal if there exists an element x € X whose membership value is one, i.e.,

pa(x) = 1.
C. Definition [9]
A fuzzy set A of real line R with membership function u,(x): R — [0,1] is called fuzzy number if

A is normal and convexity.

A must be bounded.
Ua(x) is piecewise continuous.

(i)
(i)
(iii)

D. Definition [9]
A fuzzy number A = (ay, a4, a,) is said to be triangular fuzzy number if its membership function is

given by
x—ag
, Qg < x<a
(al—ao 0 1
1L,x=aq
#A(x)z a,—x
—“2 - a;<x<a
a-a,’ 1="="2

0, otherwise

pg (x)

E. Definition [9]
A fuzzy number A = (ay, a,, as, a,) is a Trapezoidal fuzzy number where a4, a,, as, a, are real

numbers and its membership function is given below,
xX—a .
Lifa <x<a,

az—a,
1 ifa,<x<a;

pa(x)=
as;—-x .
<x<
p— ifaz<x<a,
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F. Operations on trapezoidal fuzzy numbers
Addition:
(ag, by, cq,dy) + (ag, by, c3,d3) = (ag + az, by + by, 1 + ¢3,dy +dy)
Subtraction:
(ay,by,¢1,d1) — (az, by, ¢3,d3) = (ag —dy, by + ¢3,¢1 + by, dy + ay)
Element wise subtraction:

(ag, by, c1,dy) — (az, by, c2,d3) = (ay — az, by — by, ¢1 — ¢3,dy — d3)

G. Ranking of Trapezoidal Fuzzy Number [2]
Suppose the trapezoidal fuzzy number, the ranking function R: F(R)— R by graded mean is defined as
a, +2a, +az + 3a
R(A) = [ 1 2 - 3 4

H. Definition [4]
Let X be a universe. A Neutrosophic set A over X is defined by
AN = {(x: T v (x), I v (x), Fon(x)) xEX}where Ton, I v, Fon:X - 107,3%[ are called the truth,

indeterminacy and falsity membership function of the element x € X to the set AN with 07 < T~ (x) +
In(x)+Fon(x) < 3t

L. Definition [4]

Let X be the finite universe of discourse and FV[0,1] denoted by the set of all triangular fuzzy numbers
on [0,1]. A Neutrosophic triangular fuzzy set A in X is represented by AN =

{Q: Tgn (), In (%), F v (%)) /xeX }

Where the Neutrosophic triangular fuzzy numbers Ton(x) = (Tar (x), T2 (x), Tat (X)), I (x) =
(18 (), 18,0, 1Y, (), Fon (x) = (F¥ (%), FX (x), Ff(x)) be the truth, indeterminacy and falsity
membership degree of x in A and for every x € X such that 07 < T v (x) + I v (x) + F v (x) < 3%,
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J. Definition [4]

Let X be a universe of discourse, a Neutrosophic trapezoidal fuzzy set A in X is defined as the
following form:

AN = {(c: Ton (x), v (%), F v (%)) /x€X}

Where {T nv(x),In(x),Fon(x)}C[0,1] are the three trapezoidal fuzzy number T n(x) =
(T2 GO, T GO, T (), T () ) 1 X = [0,4], Lo () = (18, (), 1, G, 18 (), 1, (x)) X >

[01], Fon (x) = (FY (), F (), F (), Ff (x)): X > [0,1]  with the condition 0~ < Ton(x) +
In(x)+Fon(x) < 3*.

3. Neutrosophic Fuzzy Travelling Salesman Problem

Suppose a salesman has to visits n cities. He visits one particular city and return to the home town within
a short period of time. The fuzzy Neutrosophic travelling salesman problem in the following matrix may
be formulated as

City |1 2 N ~In
N
l
N N pN N N N N N pN
1 © Tig 2, Fi | | Tojlijp Frj | o | Tin i Fin
N /N pN N N N N N N
2 T;1. 11, Foh © | T 125 Fyj | o | TenoI2n Fon
N N N N N N | ... N N N
J T, hiuFy | Tizo 1, Fj @ T Lins Fin
N N pN N N N N N N
N To1, In Fo1 | Tozo Inas Foz | Tnj:Inj:Fnj @

4. Procedure for solving the Neutrosophic fuzzy travelling salesman problem

Step 1: Find the least cost tour starting at A, travelling through the other cities exactly once and
returning to A

Step 2: Compute the given problem is to Neutrosophic travelling salesman problem using graded
mean ranking.

Step 3: A row (column) is to be reduced iff it contains at least one zero and all the remaining
entries are non-zero.

Step 4: Consider upper bound as oo.

Step 5: Initial node is to split the other branches and compute the cost of each node.
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Step 6: The reduced cost for every is CN (i, j) + RN + R¥ where RY is the reduced cost of initial
node and RV is the reduced cost of current node.

Step 7: Compute the least cost branch and terminate the other.

Step 8: Stop when only one branch survives.

Step 9: Finally find the optimum cost.

5. NUMERICAL EXAMPLE

Consider the following Neutrosophic Fuzzy travelling salesman problem

A B C D
A oo [(1,3,4,8); (5,8,11,15); (6,10,14,17)] [(3,6,7,9); (7,9,11,16); (10,11,16,19)] [(5,7,8,12); (7,11,15,18); (8,14,16,20)]
B [(0,2,3,7); (3,6,7,9); (6,9,12,16)] <] [(1,4,6,9); (5,6,9,10); (8,11,14,18)] [(4,7,10,14); (9,13,16,18); (11,15,19,22)]
c [(4,5,9,11); (6,7,10,11); (9,12,14,17)] [(6,9,10,12); (10,11,15,17); (12,16,19,21)] 0o [(1,4,6,9); (4,5,8,9); (3,7,10,12)]
D [(7,9,14,15); (9,11,16,17); (9,10,16,20)] [(3,6,8,11); (4,7,10,14); (6,9,13,18)] [(9,14,15,20); (11,15,19,22); (12,16,20,23)] [ed]
Solution:

By using the graded mean ranking formula, the given problem is as follows:

A B C D
4 © (511,13)  (7,12,15) (9,14,16)
Bl 4712 © (6,814) (10,15,18)
C| (89,14) (10,14,18) 0 (6,7,9)
D

(12,14,15) (8,10,13)  (16,1819) o

Applying row reduction and column reduction using the element wise subtraction, the above matrix
becomes

AB C D

Al © (0,000 (0,0,0) (4,3,3)1(5,11,13)
B {(0,0,0) 00 (0,000 (68,6)| (4,7,12)
Cl(2,25 (47,9 o0 (0,00 (6,7,9
Dl6,4,2) (0,00) (674) oo 1(8,10,13)

(0,0,0) (0,000 (2,1,2) (0,0,0)=(25,36,49)
The above matrix is taken as A and the Reduced cost R = (25,36,49)
Initially, Upper = o

A C=(25,36,49)

C=(31,40,51) C=(25,36,49) C=(33,42,56)
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Finding C" (4, B). Set A, B as .
A B C D

A [ee] [o/e] (ee] [ole)
B| o (0,0,0) (6,8,6)
cl(225 o o (0,0,0)
D (6|412) m (6’7F4) m
The reduced matrix is as follows:
A B C D
o 00 (o) oo (0,0,0)
o o  (0,00) (686)](0,0,0)
(225) o o (0,0,0){ (0,0,0)
(0,00) « (032) © ](64,2)

CN(A,B)+R"N + RN = (31,40,51)
Next finding CV (4, C). Set A, C as oo.

o

A B C D
A (00) [0 0] (00 (0/0)
gl (0,00) o o (6,8,6)
Cl o (479 o (00,0)

D1(6,42) (0,00) o o
The above matrix is already reduced. So, the reduced cost is

CN(4,C)+RN + RN = (25,36,49)
Next finding CN (4, D). Set 4, D as o.

A B c D
A [ee] (0] [ee]

B (0,0,0) o (0,0,0)
cl225) (479

D| o« (0,00 (674)

8 888

The reduced matrix is as follows:
A B C D

0 [} 0 ©1(0,0,0)

(0,0,0) o (0,0,0) | (0,0,0)
(0,00) (47,9 oo ®©1(2,2,5)
o 0,0,0) (67.4) ] q0,0)

CN(A,D)+RN + RN = (33,42,56)

OO
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C=(31,40,51) C=(33,42,56)

C=(29,43,58) “
Here, finding CY(C, B). Set C, B as™o~-

A B C D

A (o/e] (0le) (oe] (o/e]
B[(0,0,0) o o (6,8,6)
C (o.e] (0] o0 [ee]

DL(642) o 0 oo
The above matrix is already reduced. So, the reduced cost is
CN(C,B)+R" + RN = (29,43,58)
Next finding CV (C, D). Set C, D as oo.

A B C D
A (o) (o9] oo o
B (0,0,0) oo 0 oo
C 0 o] [l ]
DL(6,42) (0,00) o o
The above matrix is already reduced. So, the reduced cost is cN(C,B)+R" + RN =
(25,36,49)
36,49)

C=(31,40,51) C=

C=(29,43,58)
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C=(25,36,49)
B
Here, finding CV(D, B). Set D, B as .
A B C D

A o0 (0] (00) [0e]

B [(0,0,0) oo (0,0,0) oo

C (05010) o © Ry

D o) oo 0

The above matrix is already reduced. So, the reduced cost is
CN(D,B)+R" + RN = (25,36,49)

The upper bound becomes (25,36,49) and the branches are terminated. The optimum schedule is to be
A - C - D - B - A and the optimum cost is (25,36,49).

6. CONCLUSION

In this paper, we discussed a Neutrosophic travelling salesman problem in real life situations, and it is
represented by a trapezoidal fuzzy number. We develop a problem to Neutrosophic concept by using a
graded mean ranking and applying Branch and Bound technique to find the optimal cost of the travelling
salesman problem.
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