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Abstract- In this paper the Generalized trapezoidal
intuitionistic fuzzy numbers and ranking method
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. INTRODUCTION
The travelling salesman problem is one of the most

intensively studied problems in computational
mathematics. Its aim is to select the sequence in
which the cities are visited in such a way that his
total travelling time (cost) is minimized. Cost can
be distance, time, money, energy.The intuitionistic
fuzzy sets were first introduced by Atanassov[1,2]
which is generalization of the concept of fuzzy sets.
An efficient method for ordering the fuzzy numbers
is by the use of a ranking function, which maps
each fuzzy number into the real line, where a
natural order exists. NagoorGani and Mohamed [4]
introduced methods for ordering two generalized
trapezoidal intuitionistic ~ fuzzy ~ numbers.
Thamaraiselvi and Santhi[7], has discussed Solving
Fuzzy Transportation problem with Generalized
Hexagonal Fuzzy Numbers,Jat.R.N,et.al;[3] has
discussed about Fuzzy approach for solving mixed
intuitionistic fuzzy travelling salesman problem .

In this paper, a new method is introduced to solve
the generalized intuitionistic fuzzy travelling
salesman problem.

1. PRELIMINARIES
A.Fuzzy number[11]

A fuzzy set A of real line R with membership
function w4 (x):R—[0,1] is called fuzzy number if

i)A is normal and convex fuzzy set

ii)support of A must be bounded
iii)aymust be closed interval for every ae [0,1]
B.Triangular fuzzy number[9]

A fuzzy number Ais a TFN denoted
byA=(a, a, as),where a,a,a; are real numbers
and its membership function is given below,

x—aq .
R <x<
p— ifa, <x<a,
np()= 1 if x = a
az—x .
Ls7X <x<
p— ifa, <x<a;

C.Trapezoidal fuzzy number[9]

A fuzzy number A=(ay, a, asa,) is a TrEN where
ay,a, as aare real numbers and its membership
function is given below,

x—-ai .

——1 <x<

pa— ifa, <x<a,
i (=4 1

as—x

if a, < x < ajz
ifaz<x<a
a0z faz<x<a,

D.Generalized trapezoidal fuzzy number[4]

A generalized fuzzy number A=(ay, a,a;a,,w)
is said to be generalized trapezoidal fuzzy number
if its membership function is given by,

w(j__aa1 if a; < x < a,
2 1

nz ()= w ifa; <x<a;

w(EE) ifa; <x<a,
az—ay

E.Intuitionistic fuzzy number[6]

An intuitionistic fuzzy set A’ is called as
intuitionistic fuzzy number if it satisfies the
following condition

i)Ais normal.(ie)there exist atleast two points
X, X1 such that pz(xg)=1and vz(x,) =1
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i)A’is convex.(ie)membership function is fuzzy
convex and non membership function is concave

iii)lts  membership  function is  upper
semicontinuous and its non membership function
lower semi continuous and the set A’ is bounded

F.Trapezoidal intuitionistic fuzzy number[10]

A trapezoidal intuitionistic fuzzy number is
denoted by A'=(a,, ay a3 a,)(a’y, azasa’y)where
a'1<a,<a,<as<a,<a’, with membership and non
membership function defined as follows,

x-ai .
ifa,<x<a
if a, .
pap (=3 1 if a, <x <az and
a,—x .
— ifaz<x=<a
S ifa .
xay ifa;<x<a
az—-a'y 1= —= U2
va(x)=4 1 ifa, <x<aj
a'y,—x .
= ifa;<x<d,
a s4—as

G.Generalized trapezoidal intuitionistic fuzzy
number[4]

An intuitionistic fuzzy number A’ is said to be
generalized trapezoidal intuitionistic fuzzy number
with parameters b,<a,<b,<a,<as;<b;<a,<b, and
is denoted by

AI:((al, a21a31a4), (bl' bZ,b3,b4,); WA’uA) if |tS
membership and nonmembership function is
defined as follows,

x—a .
Wy (az—all) ifa, <x<a,
#AI (X): Wy lf az <x< a3 and
Ag—X .
Wy (a44—a3) ifaz<x<a,
1 ifx<b
(bp-x)+ua-by) U X < b
by—by lf b1 <x< bz
yA.I (X): uA lf b2 S X S b3
(x=b3)+us(by—x) if by<x<b,
b41b3 if x> b,

H.Properties of generalized trapezoidal
intuitionistic fuzzy numbers[5]

Let A=((ay,a;a3a4), (by, bybsby);wau,) and
B:((cl, 62,63,64), (dl, d,, d3,d4,); wp Up) be two
generalized trapezoidal intuitionistic fuzzy numbers
and A be a real number. Then,

1. A+B=
((a1+c1, a, + c a3 + c3a4 + c4), (b1 +
di,by +d,, b + d3b, +

dy);w u)where,w:min(wA,wB) and
u =max(u,, ug)
2. A-B=
((al — Cq,07 — (303 — C,04 — Cl):
(bl - d4, bz - d3, b3 - d2,b4 - dl); W,u)

where ,w=min(w, wg) and u =max(ua, up)

3.AA=((Aay,Aap, Aas, Aay), (Mby,Aby, Abz, Aby); W ua)if
>0

=((Aag, Aaz,haz, Aay),(Aby ,Abg Ab,, Aby);wauy) if A<O

4.A*B=((
1€y, QxC, A3C3,A4C4), (b1 dy, body, b3ds, bady);
wuw)if  A>0,B>0

=((a; ¢4, azC3, 3¢, a4¢Cq), (bydy, bods, b3dy, bady);
wu ) if A<0,B>0

=((a4C4, a3C3,a5C,a1C1), (bydy, b3ds, bydy, bidy);
w u) if A<0,B<0

where , w=min(w, wg) and u =max(u,, ug)

5.A+B:<(ﬂ &z 43 ﬂ),(ﬁ bz Bs ﬁ))where,

ez’ e dy’d3’dy’ dy

w=min(w, wg) and u =max(uy, ug)if d;>0

Il. RANKING OF GENERALIZED
TRAPEZOIDAL INTUITIONISTIC
FUZZY NUMBERS FOR THE
TRAVELLING SALESMAN PROBLEM

In the travelling salesman problem, the salesman
has to visit ‘n’ cities. He needs to start from a
particular city visit each city once and then return
to his starting point.The problem whose solution
will yield the minimum travelling time for the
variable x;;be defined as

-

Ranking of generalized trapezoidal intuitionistic
fuzzy number
A:((al, a2,a3,a4), (bl, b2,b3,b4,); W4 Uy) is defined

by R(A)=W where,
A A

S(ﬂA)=(2(a1)+7(a2)::(a3)+2(a4)) (7(;4;,4)) and

fromitoj
otherwise

ISSN: 2231-5373

http://www.ijmttjournal.org

Page 10



http://www.ijmttjournal.orgp/

International Journal of Mathematics Trends and Technology- Volume29 Numberl — January 2016

_(2(b)+7(b2)+7(b3)+2(ba)\ (11+7(un)
S(VA)_( - 218 ; 4)( 18 A)

V. FORMULATION OF TRAVELLING
SALESMAN PROBLEM AS AN
ASSIGNMENT PROBLEM

Let the cost of travel from i" city to " city be Cjj
and x;;=1 if the salesman goes directly from city i
to city j and x;;=0 otherwise. No city is visited
twice before the tour of all cities are completed. In
particular, he cannot go directly from city i to i
itself. This possibility may be avoided in the
minimization process by adopting the convention
cij=oo which ensures that x;;can never be unity.

The cost matrix is

(o) C12C13""Cln
CZl [o'e) C'23....C2n

Cn1 Cp2Cpz+ oo

Thus ,the above model can be expressed as
MinimizeZ =X, X, C; xy;

Subject to the constraints

m
DX =1 j=1.2,...n  i#j,i#m
i=1

n
Z X; = i=1,2,....m i#j,i#n
j=1
xmk:]-
xl-jZO orl

V. ALGORITHMFOR THE
PROPOSED METHOD

Step-1: The travelling salesman problem
in which cost must be of generalized
intuitionistic fuzzy numbers is constructed.

Step-2: The ranking index for each
generalized intuitionistic fuzzy number is
calculated

Step-3: The generalized intuitionistic
fuzzy numbers is replaced by their
respective ranking indices.

Step-4: The resulting problem is solved
by using existing Hungarian method to
find the optimal solution.

VI. NUMERICAL EXAMPLE

A company has four territories. The salesman
working in the company has to deliver the products
from each territory to other territories. The cost of

travel from territories LILIILIV to LILIILIV is
given below,
® ((2,5,7,11), ((1,5,6,10) ((1,2,5,1),(1,5,3,2)
(B51215), (1,6,12,15);0.5,0.1),(2,57,11);0.3,05)  ;0.2,0.5)
(2.1,15);01,0.2) @ ((15,5,1), ((2,7,11,15),
(155D, ((1,2,5,), (1,3,9,11);0.1,0.1) (2,5,6,2);0.5,0.6)
(2,5,6,2);0.1,0.6) (2,3,5,6); 0.2,0.2) oo ((2,5,8,10),
((235,6) ((2,5,8,10), ((2,5,7,11), (2,1,15); 0.6,0.2)

,(2,3,5,6);0.5,0.2) (1,3,9,11);0.6,0.1) (1,6,12,16); 0.5,0.3) ©

Which route will the salesman choose to minimize
the travelling cost.

Step:1Consider ,

@ ((2,5,711), ((1,5,6,10) ((1,2,5,1),
((3,512,15),  (1,6,12,15);0.5,0.1), (2,5,7,11);0.3,0.5) (1,5,3,2);0.2,0.5)

(21,1,5);,0.,02) o ((5,50), ((27,11,15),

(551, (12,51, (1,3,9,11);0.1,0.1) (2,5,6,2);0.5,0.6)
(2,5,6,2);0.1,0.6) (2,3,5,6);0.2,0.2) o ((2,5,8,10),

((2,3,56) ((2,5,8,10), ((2,5,7,11), (2,1,15);0.6,0.2)
,(2,3,5,6);0.5,0.2) (1,3,9,11);0.6,0.1) (1,6,12,16);0.5,0.3) -

Step:2 calculate the rank of

((2,5,7,11),(1,6,12,15);0.5,0.1)(ie)from
territoryl—territoryllusing the ranking formulae
given above in section I,

R(A):WAS(MA)+UA5(VA) where
Wa+Ug !
_(2(a1)+7(az)+7(az)+2(as)\ (7(wa)
S(HA)_( 18 )( 18 ) and
_(2(b1)+7(b2)+7(b3)+2(by)\ (11+7(ua)
S(VA)_( 18 )( 18 )
_2()+7(5)+7(7)+2(11) ,7(0.5)y _385 _
~S(na)=( . ()=, =1.1882
_2(1)+7(6)+7(12)+2(15), 11+7(0.1) _
S(va)=( 5 )( o )=5.7055
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R(A):0.5(1.1882)+0.1(5.7055) :1.1::65 —1.9410

0.5+0.1

Proceeding similarly,
R((1,5,6,10),(2,5,7,11);0.3,0.5)=3.3173,
R((1,2,5,1),(1,5,3,2);0.2,0.5)=2.0472 ,
R((3,5,12,15),(2,1,1,5);0.1,0.2)=0.826 ,
R((1,5,5,1),(1,3,9,11);0.1,0.1)=2.0299 ,
R((2,7,11,15),(2,5,6,2);0.5,0.6)=2.9606 ,
R((1,5,5,1),(2,5,6,2):0.1,0.6)=3.4407 ,
R((1,2,5,1),(2,3,5,6);0.2,0.2)=1.4925 ,
R((2,5,8,10),(2,1,1,5);0.6,0.2)=1.3859 ,
R((2,3,5,6),(2,3,5,6);0.5,0.2)=1.3431 ,
R((2,5,8,10),(1,3,9,11);0.6,0.1)=1.8348 ,
R((2,5,7,11),(1,6,12,16);0.5,0.3)=3.1682

Step:3From the above matrix the following ranking
value is obtained

c©  1.9410 3.3173 2.0472
0826 2.0299 2.9606
34407 1.4925 o  1.3859
1.3431 1.8348 3.1682

Step:4

© [0] 0.1724 0.1062

0 oo [0] 21346
2.0548 01066 oo

0.4917 0.6212 oo

Thus the total travel cost is
I-II, I, IT—IV, IV—I is 6.6999
VII. CONCLUSION

This paper ranks generalized trapezoidal
intuitionistic fuzzy numbers to solve travelling
salesman problems occurring in real life situation
It is given through a numerical example fora non
mixedgeneralised trapezoidal intuitionistic fuzzy
numbers.Hence it is applicable for mixed and non
mixed fuzzy numbersto obtain minimum cost.
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