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Solving Neutrosophic Travelling Salesaman
Problem in Triangular Fuzzy Number Using Ones
Assignment Method

S. Subasri and K. Selvakumari*

Abstract--- Travelling salesman problem is awell-known studied problem and intensely used in computational
mathematics and management studies. In this paper we discuss a Neutrosophictriangular fuzzy numbers which are
more realistic in nature. Neutrosophic triangular fuzzy numbers can converted to a Neutrosophic fuzzy numbers by
using a Pascal’s graded mean approach and then the problem is solved by ones assignment method. Neutrosophic
crisp travelling salesman problem also solved by using a score function and finally find the optimality. Numerical

examples are included for a fruitful way.

Keywords--- Neutrosophic Fuzzy Number, Triangular Neutrosophic Fuzzy Number, Fuzzy Travelling Salesman

Algorithm, Graded Mean Approach, Score Function.

I. INTRODUCTION

The travelling salesman problem is the well-known problem and one of the most intensely studiedproblem in the
field of computational mathematics. A huge number of techniques were constructed to solve the problem. The
problem ascends from the characteristic situation of a salesman who wants to travel a cityonly once in a map and
return to his home town. In such a way that the length of the journey is too short among all other possible journey.
Fuzzy sets were proposed by Prof.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 evolution of Neutrosophic components
are truth, indeterminacy and falsity membership values respectively and it is non-standard unit interval. Here, we
generate two methods to solve the Neutrosophic travelling salesman problem. The Neutrosophictriangularfuzzy
number using a graded mean approach. (i.e.,) all the Neutrosophictriangularfuzzynumbers can be converted to a

Neutrosophic fuzzynumber.Neutrosophic crisp travelling salesman problem also discussed in this paper.
Il1. PRELIMINARIES
2.1 Definition [10]

A fuzzy setcharacterized by a membership function mapping element of a domain, space, or the universe of

discourse X to the unit interval [0,1] i.e. 4 = {(x, us(x))/xeX}.Here py(x): X - [0,1]is a mapping called the
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degree of membership function of the fuzzy set A and u4(x)is called the membership value of x € X in the fuzzy
set A. These membership grades are often represented by real numbers ranging [0,1].
2.2 Definition [11]
A fuzzy set A of real line R with membership function u,(x): R - [0,1] is called fuzzy number if
(i) A‘is normal and convexity.
(ii) A must be bounded.
(iii) w4 (x) is piecewise continuous.
2.3 Definition [11]
A fuzzy number A = (ay, a4, a,) is said to be triangular fuzzy number if its membership function is given by

xX—agp

ap<x<a
ai—ap ’ 0 1

L,x=a;
MA(x)z az—x
az—ax

0, otherwise

;CllSXSaz

Where ay < a; < a, are real numbers.
2.4 Definition [8]

Let Xbe a universe. A Neutrosophic set A over X is defined by

AN = {(x: T v (x), v (x), F yn (%)) = xeX }where Tyn, I v, Fn: X — 107, 3% [are called the truth, indeterminacy
and falsity membership function of the element x € Xto the set AVwith 0~ < T v (x) + I v (x) + F v (x) < 3%
2.5 Definition [8]

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 AY = {(x: T v (), I,v (), F v (%)) /xeX}

Where the Neutrosophic triangular fuzzy numbers

Tow (x) = (TN (), T2 (1), T (), Ion (x) = (18, (0), 12, (20, 12, (), Fow () = (FY (%), By (%), Bl (x))  be
the truth, indeterminacy and falsity membership degree of x in A and for every x € X such that 0~ < T~ (x) +

I n(x)+ Fyn(x) <3*

I11.NEUTROSOPHIC FUzzY TRAVELLING SALESMAN PROBLEM
Suppose a salesman has to visits n cities. He visits one particularcity and return to the home town within a short

period of time. The Neutrosophic fuzzy travelling salesman problem in the following matrix may be formulated as

City 1 2 e . |In
ﬁ
l
1 © T, 0 Fly | | TNHLEY | | T I Fiy
2 TN, 1Y, FN © e | T I FY | e | T 15, By
J T EY | TAINEY | - © | T o F
N T L F | Tl Fay | o | T LN Fay | o 0
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IV.PASCAL’S TRIANGULAR GRADED MEAN APPROACH: [6]
Chen and Hrich [ ] proposed graded mean integration representation for representing generalized fuzzy number.

This is useful to obtain the solution of the generalized fuzzy variables for travelling salesman problem. But this
method is simply taken from the following pascal’s triangles. These are useful to take the co-efficients of fuzzy

variables as pascal triangular numbers and we just add and divided by the total of pascal numbers.

The graded mean approach for triangular fuzzy number,

a; +2a, +a
PT(4) = 1 2 3
4
V. PROCEDURE FOR THE SOLVING NEUTROSOPHIC Fuzzy TRAVELLING SALESMAN

PROBLEM
The Neutrosophic fuzzy travelling salesman problem can be taken as

(Tal\il’ If]lVll'FaIL) (Tahiz'ltllvu’ Fal\{z) (Ta[\iy 1111\113'Fa1¥3) (Tal\in'll]lvln'FaAin)
(Tal\él’ 11.121'Fa1\£1) (Talgz'la.zz’ Fa’!z) (Ta[\éy If]lvz_3'Fa1\é3) (Tal\én'ltll\_’zw Falgn)
(T‘{Yll’lévnl’El]\rlll) (TG{YLZ’I‘]anZ’FaIYLZ) (TaIYL3’I‘]1Vn3’FaIYL3) (T‘J{Ym’lfllvnn’FaIYm)

Stepl: The Neutrosophic triangular fuzzy element can be converted to a Neutrosophic
fuzzy numbers using graded mean approach for triangular fuzzy number
Step 2: In a minimization case, find the minimum element of each row in the distance matrix(sayal) and write it

on the right side.

(Tal\il’lfllvu'FaIL) (TaAiz'IlIlv12’FaAiz) (Tal\i3’1fllvl3'FaA1l3) (Tfﬁn'ltllvm'Faqn) allv
(TN Iy FN) (TaA;z'IlIl\.lzz’FaIgz) (Tal\;3'1fllv%3'FaAzl3) (TaA;n'IlIl\TZn’FaAzln) a-IZV

azi1’-azi1’-azy

(Té\j'zl’lll’—vnl'Falt{zl) (TG{XLZ’I‘IIVnZ’FaI\r]LZ) (Talv\iz3’1‘11Vn3’Fa1\r]L3) (T‘{Y'm’llllvnn’Fa[\rlm) a{'lv

Then divide each element of i*" row of the matrix by a¥. This will create atleast one ones in each row.

(T Ly Fiyy )/l (Taly Iy Ry, ) /el (Tdh I Ry ) /el (Ta, 1a, ) /ad o
(TaA;1'I¢11VzVFaA£1)/aéV (Talgz'lfllvzz'FaIgz)/aév (Tal\;3’1fllvz3'FaAzl3)/a12V (Tal\gn’IlIlVZn'FaAzln)/aIZV a‘IZV

: : : : N
(Tu{\itl'lfllvnl’Fa]\rltl)/ale (T‘{Y'LZ’I‘ian'FQIY'LZ)/aTIY (Talv\iz3’1‘11Vn3’Fa1\r]L3)/a7[¥ o (Talv\im’lfllvnn’FaAr’Ln )/aﬁ] n

Step 3: Find the minimum element of each column in the distance matrix(say ij) and write it belowj" column.

Then divide each element ofj" column of the matrix by ij. This will create atleast a one in each column. Then

make assignments in terms of ones.
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(Tal\il'lévn'Fa]\L)/aivb{V (Tal\iz'lévlz'Fa]\{z)/aivbév (Tlﬁs'lévn'Fa[L)/a{Vbév (Tcﬁn'ltllvln’FaAin)/a{Vb;lv aiv
(Talgl'lévzﬂFalgl)/aév b{V (Tal\gz'lévzz'Fa]gz)/aévbév (Talgs'lévz3'Falg3)/aévb§V (Ttﬁn'IéVZn'El]gn)/aIZV b7]1V a.IZV

: : : : :N
(Tézll’l‘llvnl'FaI\r]ll)/arlyb{V (T‘J{\:LZ’Ifllan’Ell\rllz)/aTI\L]bév (T‘J{\:L3’Ifllvn3’E’-1\rll3)/a7I\L]bév o (TaAr,m’Ifllvnn’FaI\rlm )/a{'ybrly n

bYbY by ---bY
Step 4: Obtain the optimum schedule and minimum cost for the travelling salesman problem

V1. PROCEDURE FOR THE NEUTROSOPHIC CRISP TRAVELLING SALESMAN PROBLEM

Step 1: Construct the cost matrix of Neutrosophi fuzzy travelling salesman problem, AN = (Cij))mxn

Step 2: Determine the evaluation Neutrosophic matrix as EN (4) = [(TV)!, (TV)¥]

min(224), (=51,
e (%25). (55

Step 3: Compute the score function S¥(A) of an alternative SV (4) = 2[(TV)* — (TV)!]

e ((%25). (55))

[
ie, SV(A) = 2| I ,where 0 < SV(4) < 1.

| min (759 (=5) |

Step 4:Take the score function matrix as initial input data for Neutrosophic crisp travelling salesman problem

Where, [(TY)}, (TV)¥] =

and solve it by ones assignment method.

VII.  NUMERICAL EXAMPLE
Method: 1-Solving Neutrosophic fuzzy travelling salesman problem

Let us consider the following travelling salesman problem. A company has four territories. The working
salesman has to distribute the products from one territory to other. The cost of the travel from territories A,B,C,D to

A,B,C,D is given below.

A B C D
A o0 [(1,2,3); (3,4,5); (4.56)] [(0,1,2);(1,2,3);(23,4] [(0,1,6); (0,3,6); (2,8,10)]
B [(0,1,2);(0,2,4); (2,3,4)] 00 [(0,1,6); (2,4,6);] [(1,2,7); (0,3,10); (2,8,10)]
€1 1(0,1,6);(0,2,8); (238)] [(0,48);(3,4,9);(2,810)] o [(0,1,2); (0,2,4); 3,:4,5)]
D \[(0,24); (234); (468)] [(024);(1,27); 246)]  [(0,1,2); (1,2,3); (23,4)] o
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Solution

Step 1: To convert the given problem into Neutrosophic number by using graded mean approach for triangular

fuzzy number

PT(al-]») MEMBERSHIP INDETERMINACY NON-MEMBERSHIP
P'(a;,) |2 4 5
PT(as3) 1 2 3
P (a14) 2 3 7
P (ay;) 1 2 3
PT(ay3) 2 4 5
PT(a,,) |3 4 7
Pl(az) |2 3 4
PT(as,) 4 5 7
PT(a34) 1 2 4
P (ay) 2 3 6
PT(a4y) 2 3 4
PT(as) |1 2 3
Step 2: The Neutrosophic fuzzy travelling salesman problem is given by
A B C D
A 00 (2,4,5) (1,23) (2,3,7)
B (1,2,3) o (2,45) (34,7)
c\ (234 457 o0 (1,2,4)
D \(2,3,6) (2,34) (1,23) o0

Step 3:Find out the minimum Neutrosophic element of each row in the distance matrix(sayal) and put it on the

right side of the matrix,

A B C D

(24,5 (1,23) (237
o (2,45) (347
(1,2,4)

o0

(1,2,3)
(234) 457 )
(236) (234) (1,23)

Sawx

(1,2,3)
(1,2,3)
(1,2,4)
(1,2,3)

Then divide each element of i** row of the matrix by a”. Each row creates some ones and the matrix will reduce

to the following

A B c D
A © (2,2,1.6) 1V (2,1.5,23)\ (1,2,3)
B 1 o (2216) (3,223) |(1,23)
c| (@2151) (4251.7) © 1y (1,2,4)
D\ (2152 (21513) L © (1,2,3)

Step 4: Now find the minimum element of each column in distance matrix (say bj’V) and divide each element of

jt* column of the matrix by bj"’. This will create some ones to each row and column.

A B c D
A 0 (1,1.3,1.2) 1V (2,1.5,23)\ (1,2,3)
B v © (2,2,1.6) (3223) |(1,23)
c| (2151) (2,1.6,1.3) © 1V (1,2,4)
D\ (2,15,2) 1V 1V o (1,2,3)
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Step 5: The optimum schedule is given by

A B C D

A 0 (1,1.312) [1V]  (21523)\ (1,2,3)
Bl [1M] o (2216) (3223) |(123)
C|(2151) (21.61.3) 0 [1"] 124
D\ (2,15,2) [1M] v % (1,2,3)

Step 6:Territory A assigns to Territory C Distance (1,2,3)
Territory B assigns to Territory A Distance (1,2,3)
Territory C assigns to Territory D Distance (1,2,4)
Territory D assigns to Territory B Distance (2,3,4)

So, the root conditions are satisfied and is given by

A-> C; B> A; C-> D; D> B
A- C-D-> B-A
The Neutrosophic fuzzy optimal solution =(1,2,3)+(1,2,4)+(2,3,4)+(1,2,3)=(5,9,14)

Method 2: Solving Neutrosophic crisp travelling salesman problem

In Previous example, the Neutrosophic fuzzy travelling salesman problem is

A B C D
w (2’4|5) (1|2)3) (2’3I7)
(1’2’3) w (2’4)5) (3’417)

(234) 457 o0 (1,2,4)
(236) (234) (1,23) 0

(Wil Rv e

The evaluation matrix is as follows:

A B c D

A o 0,3) (0,15) (-2,25)
B[ (0,15) o (03) (~1,3.5)
c\l 025 (15 ® (=051.5)
D \(-1,2.5) (0,2.5) (0,1.5) ®

The score function of the above matrix is

A B C D
Af/o 6 3 9\3
B[3 o 6 9]\3
cl5 10 © 4 |4
D \7 5 3 o/ 3
A B C D
A/ o 2 1V 3\3
Bl1¥ o 2 3|3
c\12 25 o 1N |4
D\23 16 1¥ /3
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A B C D
Al © 32 [1"] 3\,
Bl 1"l « 2 3 |3
cl 12 15 o [1V][4
D\23 1] 1¥ o« /3
The resultant matrix is
A B C D
Al © 32 1" 3\,
B| [1V] o 2 3 |3
cl 12 15 o [1¥][4
D\23 " 18 « /3

Territory A assigns to Territory C Distance 3
Territory B assigns to Territory A Distance 3
Territory C assigns to Territory D Distance 4
Territory D assigns to Territory B Distance 5
Thus, the crisp optimum solution is

A-> C; B> A; C-> D; D- B
A-> C-D-> B->A=3+4+5+3=15
VIIl. CONCLUSION

In this paper, we proposed a new methodology to find the optimal solution for the Neutrosophic fuzzy travelling
salesman problem by using the Pascal’s graded mean approach and also compared with crisp travelling salesman
problem. This method is very useful for the future study. In future, we extend this method in generalized

Neutrosophicfuzzy number.
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