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ABSTRACT

This paper is based on intuitionistic fuzzy sets, we introduce
an extension of fuzzy TOPSIS for multi criteria decision
making problem in intuitionistic fuzzy environment.
Intuitionistic fuzzy sets are more suitable to deal with
uncertainty than other generalized forms of fuzzy sets. The
rating of each alternative and the weight of each criterion are
expressed in intuitionistic fuzzy number. The normalized
intuitionistic fuzzy number is calculated by using the concept
of a — cuts. Ranking function is used for determining the
positive ideal solution and negative ideal solution. For
application and verification, a numerical example is discussed
at the end of this paper and compare with existing method.
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1. INTRODUCTION

Multi Criteria Decision Making (MCDM) is concerned with
structuring and solving decision and planning problems
involving multiple criteria. The purpose is to support decision
makers facing such problems. Typically, there does not exist
an unique optimal solution for such problems and it is
necessary to use decision maker’s performance to differentiate
between solutions. MCDM has been an active area of research
since the 1970’s. Different approaches have been proposed by
many researchers, including the Analytic Hierarchy Process
(AHP), Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) and MCDM.

The TOPSIS (Technique for Order of Preference by Similarity
to ideal solution) is a multi-criteria decision analysis method
developed by Hwang and Yoon (1981) with further
developments by Yoon (1987) and Hwang, Lai & Liu in 1993.
TOPSIS is based on the concept that the chosen alternative
should have the shortest distance from the positive ideal
solution (PIS) and the farthest distance from the negative ideal
solution (NIS).

Atanassov and Gargov (1989) also proposed the concept of
Atanassov’s interval-valued intuitionistic fuzzy sets as a
further generalization of fuzzy set theory. Boran et al.[4]
introduced a TOPSIS method with intuitionistic number in
supplier selection problem for a multi-criteria group decision
making (MCGDM) problem. lzadikhan [12] extended the
concept of TOPSIS to develop group decision making process
for supplier selection under interval-valued intuitionistic fuzzy
environment. Recently many researchers [6,19] extended the
concept of TOPSIS to develop methodology for multi-criteria
decision making (MCDM) and multi attribute decision
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making (MADM) for interval valued intuitionistic fuzzy
environment.

In real-world situation, because of incomplete or non-
obtainable information, the data (attributes) are often not so
deterministic, and therefore the usually are fuzzy/imprecise.
Therefore, some researches try to use TOPSIS method for
fuzzy/imprecise data. For example, Tsaur et al. [18] first
convert a fuzzy MCDM problem into a crisp problem via
centroid defuzzification and then solve the non fuzzy MCDM
problem using the TOPSIS method. Chu [9] proposed a fuzzy
TOPSIS approach for selecting plant location. Chen and
Tzeng [8] transform a fuzzy MCDM problem into a nonfuzzy
MCDM using fuzzy integral. Byun and Lee [5] provide a
decision support system for the selection of a rapid
prototyping process using the modified TOPSIS method.
Recently, in some researches, TOPSIS method is considered
for extension. For example, Chen [7] extends the concept of
TOPSIS to develop a methodology for solving multi person
multi criteria decision making problems in fuzzy environment.
Mahdavi et al.[16] designed a model of TOPSIS for the fuzzy
environment with the introduction of appropriate negations
for obtaining ideal solutions. Abo-Sinha et al. [1] extend the
TOPSIS method to solve multi objective nonlinear
programming problems. Also, Jahanshahloo et al. [14,15] and
Izadikhan [13] extended the TOPSIS method for decision
making problems with interval and fuzzy data.

In this paper we propose the multicriteria TOPSIS method in
the intuitionistic fuzzy environment by using ranking method
given by [17] and distance measure. The rest of the paper
organized as follows:

In section 2 we firstly introduced some basic definitions of the
intuitionistic fuzzy set, intuitionistic fuzzy number, distance
measure and ranking method given by [17]. In section 3 the
different steps in the proposed intuitionistic fuzzy TOPSIS
method are presented. A numerical example of the proposed
model is presented in section 4. The paper is concluded in
section 5.

2. PRELIMINARIES

In this section some basic definitions of intuitionistic fuzzy
set, intuitionistic  fuzzy number, a-cut trapezoidal
intuitionistic fuzzy number, distance measure between
intuitionistic fuzzy number are presented and ranking method
given by [17] is also presented in this section.

Definition 1. Intuitionistic fuzzy set (IFS).

An IFS 4 on a universe X is defined is an object of the
following form:

A= {{x,uz(x),vz(x)): Vx € X} (1)
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Where the functions pz(x):— [0,1] and vz(x):— [0,1]
represent the degree of membership and the degree of non-
membership of an element x € A X respectively.

Definition 2. Intuitionistic fuzzy Number(IFN).

AN IFS A = {{x, uz(x),vz(x)) : Vx € X} of the real line is
called an IFN if

(@) Ais IF-normal,

(b) A is IF-convex

(¢) pg is upper semi continuous and is lower semi
continuous.

(d) A= {x e X|vz(x) < 1} is bounded.

Definition 3. (a — Cut).

The a-cuts of a IFN are a non fuzzy sets defined as

(A%)q = {x ERluz(x) 2 a} = 4, @
(A7) ={x€RIL-vz(x) 2 a} =4, , ®)

If the sides of the fuzzy numbers are strictly monotone then
the convention that

fit@ =4, g;' (@ =43, hi'(e) =40(),
ki'(a) = Ag()

In particular if the decreasing functions gz and hz and
increasing functions fz and k4 be linear then we will have the
TIF numbers.

Definition 4. (Trapezoidal Intuitionistic Fuzzy Number).

Let A be an TIFN Intuitionistic fuzzy number with parameters
by<a;<b,<a,<az;<b;<a,<b, and denoted as
A ={ay,ay,as, a4; by, by, b3, by) 0N a real number set R, then
its membership and non-membership are defined as follows:

0, x<a
x—-aq
i B <x<
pa— a<x<a,
nit) =41 A Sx=as 4)
L az<x<a,
4—A3
k 0, x> ay
0, x < b;
by—x
<x<
- by <x<bh,
VA(X) =<1, bz <x< b3 (5)
X—bs
<x<
b4—b3' b3 SX S b4
0, x> b4

If in a TIFN A, we let b, = bs(and hence a, = a3) then we
will give a Triangular Intuitionistic Fuzzy Number (TrIFN)
with parameters by <a; < b, <(a; =az3 =b3) <a, <b,
and denoted by (a4, a,, as; by, by, b3).

Definition 5.

Let A; =(aj1,a12, 13,145 by1, b12, by3, byy) and A, =
(@21, 022, 23, G245 b1, baz, b3, bay)  be  two  trapezoidal
Intuitionistic fuzzy numbers then we have

A @A, = a1y + az1, Q15 + Az, Qi3 + Az3, 014 + Azg5 b1y +
by1, b1z + baz, b1z + baz, byy + baa),

AAl = (/16111, /16112, /‘1a13, /‘1a14; /‘1b11, /‘1b12, Ab13, Ab14>, A>
0

A, = (Aaqy, A3, Aa1, Aaqq; Abyy, Abyz, Abiy, Abyy), A <
0
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A ®4,
(6)

Definition 6. Let A and B be two trapezoidal Intuitionistic
fuzzy numbers with a-cuts representations, then the distance
between A and B is defined as follows:

d(4,B) =

(i@ - B @) + (5@ - B @) +
i@ - B (@) + (Af () — B} (0))?)da

Definition 7.

Let A, and A, be two trapezoidal Intuitionistic fuzzy number,
Ay ={ay1, G12, A3, 14 b11, b1z, by, b1a) and Ay =
(Ap1, A2z, A3, Gz4; baq, Do, Doz, bpg).  Thus, the  distance
between A; and 4, is obtained by

Yii(ay —a1)? + Xi (by — bi)? +
d(Al,Az) = % 2ie{1,3}(a2i —ay)(ay —ay) +
Zie{l,S}(bZi - bli)(bzi’ - bli')
®)
Where i' =i+ 1foralli € {1,3}.

Definition 8: Let A; and A, be two triangular intuitionistic
fuzzy number, A; = {ay1, 12, Q13; b11, b1, b3} and A, =
(a1, A22, Ap3; Da1, bas, by3). Thus, the distance between A
and 4, is obtained by

d(4,,4,) =
Yii(ay —ay)? + X7 (by — by)? +
1 Ziep2(az — ag)(ay; —ag) +
12 Yierr,23(bai — byi)(by — byy) +
(azz — a12)? + (byy — by2)?

©)

Where i'=i+ 1forallie {1,2}.

Definition 9. Let 4; and A, be two triangular intuitionistic
fuzzy numbers. The fuzzy number 4, is closer to intuitionistic
fuzzy number 4, as d(4,, ;) approaches to 0.

Property 1. If A, and 4, are real numbers, then the distance
measurement d(4,, 4, ) is identical to the Euclidean distance.

Proof. Let A; =(ayq, a2 a13; bi1, b1z, bi3) and A, =
(A31, A2, A33; b1, bay, bys) are two real numbers, then let
Q11 = @13 = Q13 = by = by = bz = Ay and az; = az; =
ay3 = by, = by, = b3 = A,. Using equation (9) distance
measurement d(4,, 4,) can be calculated as

(3(az1 — a11)? + 3(ba1 — b11)* +)
i{ 2(az —ag1)(az2 —asz) + }
12 | 2(byq — by1) (b — bi2) +

(azp — a12)? + (byy — by2)?

d(4y,4,) =

43

(@11051, @12052, Q13053, Q140545 b11D21, b12b2y, b13baz, biabas)



(3(A; — A1)* + 3(4; — A1)? +)
i{ 2(4; —A))(4, — A +
12 12(4, — A4, — A +
(A2 — A2+ (4, — A))?

)
3(A2 —A1)? +3(A, — Ap)? +}
+

= 5512042 = 4% + 2(4, — 4))?
(A, — A2 + (4, — Ay)?

:v(Az —A)?
= |A; — A,

Property 2. Two Triangular intuitionistic fuzzy numbers 4,
and 4, are identical if and only if d(4,,4;) = 0.

Proof.  Let A; ={aj1, a1, Q13; b11, b1z, b13) and A, =
(A31, 22, A53; baq, baz, bys) be two triangular intuitionistic
fuzzy numbers.

If A, and A, are identical, then a;; = ay;, aix = ayy,
Q13 = dz3, b1y =by1, by = bzg and ~b13 = by3. Using
equation (9) the distance between A; and 4, is

(3(a21 — a11)? + 3(bz21 — b11)? +)
i{ 2(az; — ay1)(az; — as2) + }
12 | 2(ba1 — by1)(by2 — b1z) +

(@22 — a12)* + (bya — by2)?

d(Al, Az) =

2(az, — az1)(az; — az;) +
2(by1 — bp1)(byy — byy) +
(azz — a22)? + (byy — by2)? J

1
12

{3((121 — az1)? + 3(ba1 — byy1)? +l

= [ {3(0)% +3(0)2 + 2(0) + 2(0) + (0)? + (0)}
= 0.
Conversely, If d(4;,4,) = 0, then from equation (9) we have

d(AlﬁAZ) =
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d(Al,Az) =

(3-2)2+(4-3)2+(5-4)2+2- 12+
1) (4-32+(6-52+B-2)4-3)+
12) (4-3DG-H+2-DG@-3)+
(4-3)(6-5)+ (4 —3)%+ (4 — 3)2

d(Al,A3) =

(4-22+(5-32+(6-42+(B-1)%+
1) (5-3)24(7-52+(4-2)(5-3)+
2) G-3N6-H+GB-1GE-3)+
(5-3)(7—5)+ (5—3)2 + (5 — 3)2

=2

According to the distance measurement and definition 9, we
conclude that the intuitionistic fuzzy number A4, is closer to
intuitionistic fuzzy number A, than the other intuitionistic
fuzzy number 4.

+(baz — b12)? + (ba3 — b13)? + (az1 — ar11)(azz — as2)
+(az; — ai2)(az3 — agz) + (bay — b11)(bz — bi3)
+(byz — b12)(ba3 — by3) + (az — a12)? + (byy — by3)? J

1

12

{(‘121 —ay1)? + (az2 — a12)? + (a3 — a13)? + (by1 — b11)2l

=0

Implies that aq1 = Ayq, QA1 = Ay, Aq3 = A3, b11 = b21,
by, =b,, and by3 = b,3. Therefore, two triangular
intuitionistic fuzzy numbers A; and A, are identical and the
property has been proved.

Property 3. If A;, A, and A5 are three triangular intuitionistic
fuzzy numbers. The intuitionistic fuzzy number A4, is closer to
intuitionistic fuzzy number A, than the other intuitionistic
fuzzy number 45 if and only if d(4,, 4,) < d(4,, 43).

This property is trivial. For example, Three intuitionistic
fuzzy numbers A; =(2,3,4;1,3,5), A, =(3,4,5;2,4,6),
A3 ={(4,5,6;3,5,7). From Fig. 1 & 2, we can easily see that
the intuitionistic fuzzy number A4, is closer to intuitionistic
fuzzy number A, than the intuitionistic fuzzy number 4.

Figure-2
2.1 Ranking method for TIFS-
For an arbitrary Intuitionistic fuzzy number A=

O, uz(x),vz(x)): Vx € X}. S. Sagaya Roseline & E.C.
Henry amirtha raj [16] define the magnitude of membership
and non-membership function for intuitionistic fuzzy number
denoted by Mag(4,), Mag(A,) respectively as

Mag(4,) = %(fol(fil(r) +97' () +a; + a3)f(r)dr)

(10)
Mag(4,) = 3 (Jy (hz" () + k3* () + by + by)f (r)dr )
(11)

Where the function f(r) is a non negative and increasing
function on [0,1] with £(0) =0, (1) =1 and f01 f()dr =
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%. Obviously function f(r) can be considered as a weighting

function. In actual applications, function f(r) can be chosen
according to the actual situation. Here we use f(r) =r. In
particular, let A = (ay,a,, as, as; by, by, b3, by) be a TIFN
with membership and non-membership functions, defined as
in equation (4). In this case we have

Mag(4,) = %(al + 5a, + 5a3 + ay) (12)
Mag(4,) = = (by + 5b, + 5b; + by) (13)

Now, an ordering could be given on TIFNs as shown in the
following algorithm

2.2 Algorithm

As a ranking method we compare two membership and non-
membership of 4 and B using the following steps:

Step-1 Compute Mag(4,) and Mag(B,) using (12) then
compare them as

(1) Mag(4,)>Mag(B,) ifand only if 4,>B,.
(2) Mag(4,) < Mag(B,) ifandonlyif 4, < B,,.
(3) Mag(A,) = Mag(B,) ifand only if 4, = B,.

Step-2 Compute Mag(4,) and Mag(B,) using (13) then
compare as

(1) Mag(4,)>Mag(B,) ifand only if 4,> B,,.

(2) Mag(4,) < Mag(B,) ifandonly if 4, < B,,.

(38) Mag(4,) = Mag(B,) ifand only if 4, = B.
Note- For Triangular intuitionistic fuzzy number
Mag(4,) = i(al + 10a, + a3) (14)
Mag(A,) = —(b; +10b, +b;)  (15)

3 TOPSIS METHOD-

Topsis proposed by Hwang and Yoon (1981) and Yoon and
Hwang (1985), is a kind of method to solve multi-attribute
decision-making problem and based on the concept that the
chosen alternative should have the shortest distance from the
positive ideal solution and farthest distance from the negative
ideal solution.

3.1 TOPSIS method is presented as follows:
Step 1: Create an evaluation matrix consisting of m
alternatives and n criteria, with the intersection of each
alternative and criteria given as x;; , we therefore have a
matrix (x;;)mxn-

Step 2: The matrix (x;;)mxx is then normalized to form the
matrix (n;;)mxn » Using the normalization method

i =12,..,m, j=12,..,n (16)

m .20
i=1%ij

Tlij =

Step 3: Calculate the weighted normalized decision matrix

V = Wij)mxn = WjVij)mxn, {=12,..,m (17)
Wi .
Where w; = Z§‘=—1]W, ,j =12,..,n so that ¥7_,w; = 1, and

W; is the original weight given to the indicator w;, j =
1,2,..,n.
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Step 4: Determine the positive ideal solution and negative
ideal solution
At = {vf, v}, vt

= {(max; v;; |i € I), (min; v;; |i € )}, (18)
A ={v{,v3,...,v}

= {(min; v;; |i € I), (max; v;; |i € )}, (19)

Where I is associated with benefit criteria and ] is associated
with cost criteria.

Step 5: Calculate the separation measure between the target
alternative and the positive ideal solution

1
dif = {Z11(vij — v, i=12,..,m (20)
And the distance between alternative and negative ideal
solution is

1
di =X —v)*F, i=12,..,m (21)

Step 6: Calculate the closeness coefficient to the ideal
solution

_ 4
T @+

cc; i=12,..,m (22)

Table 1: Linguistic variables for the importance weight of
each criteria

Very Low(VL) (0,0,0.1;0,0,0.2)
Low(L) (0,0.1,0.3;0,0.1,0.4)
Medium Low(ML) {(0.1,0.3,0.5; 0.05,0.3,0.55)
Medium(M) (0.3,0.5,0.7; 0.2,0.5,0.8)
Medium High(MH) (0.5,0.7,0.9; 0.45,0.7,0.95)
High(H) (0.7,0.9,1.0; 0.6,0.9,1.0)
Very High(VH) (0.9,1.0,1.0;0.8,1.0,1.0)

Table 2 Linguistic variable for the rating

Very Poor(VL) (0,0,1;0,0,2)
Poor(P) (0,1,3; 0,1,4)
Medium Poor(MP) (1,3,5;0.5,3,5.5)
Fair(F) (3,5,7;2,5,8)
Medium Good(MG) (5,7,9; 4.5,7,9.5)
Good(G) (7,9,10; 6,9,10)
Very Good(VG) (9,10,10; 8,10,10)

3.2 Topsis method with Intuitionistic fuzzy

data
A systematic approach to extend the TOPSIS to the
Intuitionistic fuzzy environment is proposed in this section.

Let A = {A4, ..., A} be a set of m alternatives and decision
maker will choose the best one from A according to a criterion
set C = {Cj, ..., C, } which include n criteria.

The importance weights of various criteria and the ratings of
qualitative criteria are considered as linguistic variables.
These linguistic variables can be expressed in positive
triangular intuitionistic fuzzy numbers as Table 1 and Table 2.

The importance weight of each criteria can be obtained by
either directly assign or indirectly using pairwise
comparisons. In here, it is suggested that the decision makers
use the linguistic variables (shown as Table 1 and 2) to
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evaluate the importance of the criteria and the ratings of
alternatives with respect to various criteria.

Assume that a decision group has K person, then the
importance of the criteria and rating of alternatives with
respect to each criteria can be calculated as

Xj= [x +x + -+ X5,

Wy =~ (W + W + -+ W]

k:lH *|P-‘

Where X and k are the rating and the importance weight of
the kt" deC|S|0n maker.

For alternative A;, the rating of the jt" aspect is denoted by
¥;j. Various steps in the proposed Intuitionistic fuzzy Topsis
are as follows:

Step 1: Construct an Intuitionistic fuzzy decision matrix.

In Intuitionistic fuzzy decision matrix, we suppose that, each

%;j is triangular Intuitionistic fuzzy number, ie., X;; =
(al—]—,bij, Cij,au,bu,cu). A MCDM problem Wlth
Intuitionistic fuzzy data can be concisely expressed in matrix
format as

i=12,..mj=12,..,n
W = [W]JWZI ---;Wn];

Where w; is the weight of criterion C; and is a normalized
Intuitionistic fuzzy number.

Step 2: We calculate the normalized Intuitionistic fuzzy
decision matrix as follows:

First, for each Intuitionistic fuzzy number

%i; = {ayj, bij, cij; au'bu'cu) we calculate the set of a-cut as

Eij)a = {[ay + “(bif - ai;), Cij ~ a(cij = bij)], [ai; +
a(bij — aij), cij — alci; = bi)l}, (23)
a € [0,1].

Therefore, each Intuitionistic fuzzy %;; is transform to an
interval, now by an approach proposed in Jahanshahloo et al.
[10].we can transform this interval into normalized interval as
follows:

[7ii;]&
ai]- + a(bij - ai]-)

\/Zﬁﬁ(au + a(by; — a;j))? + (cij — alcy; — bij))?}

i
cij — a(eij — byj)

\/Zﬁﬁ(au + a(by; — a;j))? + (cij — alcij — b))}

International Journal of Computer Applications (0975 — 8887)
Volume 156 — No 8, December 2016

(3514
al']' + a(b” - aij)

SRy + alby = a)? + (6 — alely = b))

[7]a
Cij — ( ij - L])

(Sl + alby - ) + (6 — aley = b))

Now, interval  ([(7i))G (fi)&l, [ (Fij)gl) s
normalized of interval (23). Now we can transform this
normalized interval in to a Intuitionistic fuzzy number such as
N” = (Sij'nij' tij; sl'],m”,t;]) such that nj and m;; is
obtained when a = 1 i.e.,

nij = [fle=1 = [fijla=1

my; = [Mj)h=r = [Mijle=1

Also by setting @ = 0 we have

sij = nyj — [fijlh=o

tij = [fijla=o0 — nyj

sij = myj — [Aig]h=0

tl] = [ﬁiij]tlx]=0 —m;

And IV,-]- is a normalized positive triangular Intuitionistic fuzzy
number i.e., IVU- is normalized of Intuitionistic fuzzy number
Xij.

Step 3: Construct the weighted normalized intuitionistic fuzzy
decision matrix.

The weighted intuitionistic fuzzy normalized value v;; can be
obtained by aggregating the weight vector #; and the
intuitionistic fuzzy number IVU as:

ﬁijzﬁij'Nj, i=1,2,...,m, j=1,2,...,7’l

Where #; is the weight of jt* attribute or criterion and
?:1 W] =1.

Step 4: Intuitionistic fuzzy positive ideal solution (IFPIS) and
intuitionistic fuzzy negative ideal solution (IFPIS).

Let P, and P, be benefit criteria & cost criteria respectively.
A" is IFPIS and A~ is IFNIS. Then by using the equation (13)
we have obtained A* and A~ as follows;

At = (@], .., 5
Where 17]- = max ¥;;
= ((max; p;;|j € P;); (min; v;;j € P))
=g, ..., T)
Where ¥ = min ;
= ((min; p;; |j € Py); (max; vy;|j € P,))

Step 5: Calculate the distance measure of each alternative A;
from IFPIS and IFNIS.

The separation of each alternative from the Intuitionistic fuzzy
positive ideal solution, by using the equation (9) we have
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df =¥",d([®;, 7)), i=1,..,m

Similarly, the separation from the fuzzy negative ideal
solution can be calculated as

di =¥j1d(@y,05), i =1,..,m.

Step 6: Calculate the relative closeness coefficient (CC;) to
the ideal solution

The relative closeness coefficient (CC;) of the alternative A;
with respect to the intuitionistic fuzzy ideal solutions is
defined as:

di ,

CCL-=..—.._, L=1,...,m.
(di +dp)

Obviously, an alternative A; is closer to the A*and farther
from A-as CC; approaches to 1. Therefore, according to the
closeness coefficient, we can determine the ranking order of
all alternatives and select the best one from among a set of
feasible alternatives.

4 NUMERICAL EXAMPLE

In this section, we still use the problem discussed in [7] to
illustrate the proposed MCDM method in intuitionistic fuzzy
environment.

Now suppose that a software company wants to hire a
software engineer. After Preliminary screening three
candidate {A;, A,, Az} have remained as alternative for
further evaluation. A committee of three decision maker, Dy,
D, and D5 has been formed to conduct the interview and to
select the most suitable candidate. The three possible
alternatives can be evaluated under five criteria:

(1) Emotional steadiness (C;),

(2) Oral communication skill (C,),
(3) Personality (C3),

(4) Past experience (Cy),

(5) Self confidence (Cs).

The proposed method is currently applied to solve this
problem and the computational procedure is summarized as
follows:

Step 1: The decision-makers gives the importance weights
(shown in table 1) and rating (shown in table 2) of criteria
with linguistic terms.

Step 2: Converting the linguistic evaluation (shown in table 3
and 4) into triangular intuitionistic fuzzy number to construct
the intuitionistic fuzzy decision matrix and determine the
intuitionistic fuzzy weight of each criterion as table 5.

Step 3: Determine the normalized intuitionistic fuzzy
decision matrix by using Step 2 of proposed method shown in
table 6.

Step 4: By using the formula (18) constructing the weighted
normalized intuitionistic fuzzy decision matrix as

table 7.
Step 5: Determine FPIS and FNIS as

A* ={(0.19,0.35,0.55; 0.17,0.37,0.45),
(0.39,0.47,0.48; 0.15,0.33,0.48),

(0.30,0.42,0.48; 0.18,0.33,0.45),
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(0.36,0.41,0.45; 0.22,0.37,0.49),
(0.16,0.30,0.45; 0.04,0.17,0.38)}
A~ ={(0.22,0.37,0.44; 0.15,0.35,0.57),
(0.22,0.33,0.43; 0.30,0.47,0.48),
(0.21,0.33,0.43; 0.27,0.42,0.49),
(0.28,0.37,0.45; 0.29,0.41,0.45),
(0.07,0.17,0.32; 0.13,0.30,0.52)}

Step 6: By using formula (9) calculate the distance measure
of each alternative from FPIS and FNIS, respectively, as table
8.

Step 8: The closeness coefficient of each alternative A; are
obtained as shown in table 8.

Step 9: According to the closeness coefficient the ranking
order of the three candidates are Az > A; > A,. Obviously,
the best selection is candidate A;.

Table 3: The importance weight of the criteria

D, D, D;
C H VH MH
C, VH VH VH
C; VH H H
Cs VH VH VH
Cs M MH MH

Table 4: The ratings of the three candidates by decision
makers under all criteria

Criteria | Candidates Decision-
makers
Dy D, D3
C; Ay MG G MG
A, G G MG
A VG G F
C, Ay G MG F
A, VG VG VG
A MG G VG
Cs Ay F G G
A, VG VG G
As G MG VG
C, Ay VG G VG
A, VG VG VG
As G VG MG
Cs A, F F F
A, VG MG G
A G G MG

Step 10: Finally compare with the results obtained using other
method[16].The results are listed in table 9.
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Table 5: The intuitionistic fuzzy decision matrix and intuitionistic fuzzy weights of each three alternatives

Gy C; Cs Cy Cs
A (5.7,7.7,9.3; (5,7,8.7; (5.7,7.7,9; (8.3,9.7,10; (3,5,7;
1 5,7.79.7) 4.2,7,9.2) 4.7,7.7,9.3) 7.3,9.7,10) 2,5,8)
A (6.3,8.3,9.7; (9,10,10; (8.3,9.7,10; (9,10,10; (7,8.7,9.7;
2 5.5,8.3,9.8) 8,10,10) 7.3,9.7,10) 8,10,10) 6.2,8.7,9.8)
A (6.3,8,9; (7,8.7,9.7; (7,8.7,9.7; (7,8.7,9.7; (6.3,8.3,9.7;
3 5.3,8,9.3) 6.2,8.7,9.8) 6.2,8.7,9.8) 6.2,8.7,9.8) 5.5,8.3,9.8)
Weight (0.7,0.87,0.97; (0.9,1,1; (0.77,0.93,1; (0.9,1,1; (0.43,0.63,0.83;
g 0.62,0.87,0.98) 0.8,1,1) 0.67,0.93,1) 0.8,1,1) 0.36,0.63,0.9)
Table 6 The Normalized Intuitionistic fuzzy decision making
Cy C, Cs C, Cs
A (0.29,0.39,0.48; (0.24,0.33,0.42; (0.28,0.36,0.44; (0.37,0.42,0.45; (0.16,0.27,0.38;
1 0.26,0.39,0.51) 0.21,0.33,0.46) 0.24,0.36,0.47)  0.34,0.42,0.47) 0.11,0.27,0.44)
A (0.33,0.42,0.50; (0.44,0.47,0.48; (0.40,0.45,0.48; (0.41,0.43,0.45; (0.38,0.47,0.53;
2 0.29,0.42,0.52) 0.39,0.47,0.49) 0.37,0.45,0.47)  0.38,0.43,0.47) 0.34,0.47,0.54)
A (0.31,0.41,0.47; (0.34,0.41,0.47; (0.34,0.41,0.47; (0.32,0.37,0.44; (0.34,0.45,0.53;
3 0.28,0.41,0.49) 0.31,0.41,0.49) 0.31,0.41,0.49)  0.29,0.37,0.46) 0.30,0.45,0.54)
Table 7 The Weighted normalized Intuitionistic fuzzy decision matrix
G G, Cs Cy Cs
Ay (0.20,0.34,0.47; (0.22,0.33,0.42; (0.22,0.33,0.44; (0.33,0.42,0.45; (0.07,0.17,0.32;
0.16,0.34,0.49) 0.17,0.33,0.46) 0.16,0.33,0.47) 0.27,0.42,0.47) 0.04,0.17,0.39)
A, (0.23,0.36,0.48; (0.39,0.47,0.48; (0.31,0.42,0.48; (0.37,0.43,0.45; (0.16,0.29,0.44;
0.18,0.36,0.51) 0.32,0.47,0.49) 0.25,0.42,0.50) 0.30,0.43,0.47) 0.12,0.29,0.49)
As (0.22,0.36,0.46; (0.31,0.41,0.47; (0.26,0.38,0.47; (0.29,0.37,0.44; (0.15,0.28,0.44;
0.17,0.36,0.48) 0.25,0.41,0.49) 0.21,0.38,0.49) 0.23,0.37,0.46) 0.12,0.28,0.49)
Table 8: Separation measures and the relative closeness In this paper we have presented the TOPSIS method with
coefficient of each alternative intuitionistic fuzzy data. In the evaluation process the rating of
each alternative with respect to each criteria are taken as
~ _ Closeness intuitionistic fuzzy number. The normalized fuzzy decision
d} d; coefficient  Rank matrix is calculated by using the concept of a — cuts. In this
approach the distance of an alternative from the intuitionistic
A 0.2553  0.234 0.4788 2 _fuzzy posi_tive_ideal soluti_on and intuitionistic fuzzy_n_egative
ideal solution is also considered. The closeness coefficients of
alternatives are obtained and alternatives has ranked. The
A, 0.2415 0.2068 0.4613 3 comparison of results with Mahdavi et al.[16] are shown on
table 9.
As 0.1624 0.5406 0.5406 1

5 CONCLUSION

Table 9. Comparison with other methods

Closeness Ordering
d} d; coefficient Rank
Ay 0.2553 0.234 0.4788 2
Proposed Method A, 0.2415 0.2068 0.4613 3 A3 > AL > A,
As 0.1624 0.5406 0.5406 1
Ay 4.3673 4.9326 0.5304 1
Mahdavi et al. A, 5.0000 4.3044 0.4626 3 A; > A3 > A,
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A 4.6722 4.5614

0.4940 2
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