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Abstract. The aim of this paper is to investigate the multiple attribute decision making problems to a
selected projects with generalized intuitionistic fuzzy information in which the information about weights
is completely known and the attributes values are taken from the generalized intuitionistic fuzzydata.
Also, extend the technique for order performance by similarity to ideal solution (TOPSIS) for the gen-
eralized intuitionistic fuzzy data. In addition, obtained the concept of possibility degree of generalized
intuitionistic fuzzy numbers and used to solve ranking alternative in multi-attribute decision making

problems.
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A lot of multiple criteria decision making (MCDM) approaches have been developed
and applied to diverse fields, like engineering, management, economics etc. As one of
the known classical MCDM approaches, TOPSIS (technique for the order preference by
similarity to ideal solution) was first developed by Hwang and Yoon [7]. The primary
concept of TOPSIS approach is that the most preferred alternative should not only have
the shortest distance from the positive ideal solution but also have the farthest distance
from the negative ideal solution. The advantages for the TOPSIS include (a) simple,
rationally, comprehensive concept, (b) good computational efficient (c) ability to measure
the relative performance for each alternative in a simple mathematical form.

In 1965 Zadeh [16] introduced first the theory of fuzzy sets. Later on, many researchers
have been working on the process of dealing with fuzzy decision making problems by
applying fuzzy set theory. Atanassov[3, 4] introduced the concept of intuitionistic fuzzy
sets (IFSs). IFSs are proposed using two characteristic functions expressing the degree
of membership and the degree of non-membership of elements of the universal set to the
IFS.

The structure of this paper is organized as follows. In Section 2, introduce the prelimi-
naries and some definition related to intuitionistic fuzzy sets and generalized intuitionistic
fuzzy sets. In Section 3, introduce the TOPSIS method MADM problems to a selected
projects with generalized intuitionistic fuzzy information. In Section 4, illustrate proposed

method with an example. Finally, at the end of this paper a conclusion is given.

2. Preliminaries

Here we recall some preliminaries, definitions of IF'Ss and GIFSs. Also define Hamming

distance of two GIFSs.

0.1. Fuzzy set and Instuitionistic fuzzy set.

Definition 1. (Fuzzy set (FS)) A fuzzy set A in a universal set X is defined as
A = {(z,pa(z))|x € X} where pa : X — [0,1] is a mapping called the membership
function of the fuzzy set A.
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Definition 2. (Instuitionistic fuzzy set (IFS)) An instuitionistic fuzzy set (IFS)
A over X is an object having the form A = (x,u(x),v(x) |z € X); where p(x) : X —
[0,1] and v(z) : X — [0,1]. Where u(x) and v(zx) are called the membership and non-

membership value of x in A satisfying the condition 0 < p(z) + v(z) < 1.

An element x of X is called significant with respect to a fuzzy subset A of X if the of
membership p4(z) > 0.5, otherwise insignificant and non-membership v4(z) = 1 — pua(2)
can not be significant. Further, for an IFS A = (z, pa(x), va(z) |z € X) it is observe that
0 < p(z)+v(z) <1, for all z € X and hence it is observe that ps(z) Ava(xz) < 0.5, for
all z € X.

Definition 3. [8] A generalized intuitionistic fuzzy set A of X is an object having the form
A = {(x,pa(x),va(z)) |z € X} where the function ps : X — [0,1] and vy : X — [0,1]
define respectively the degree of membership and degree of nonmembership of the element

x € X to the set A, which is a subset of E and for every x € X satisfy the condition
pa(x) Ava(z) < 0.5, for all x € X.

This condition is called generalized intuitionistic fuzzy condition (GIFC).

The maximum value of pa(x) and va(x) is 1.0, therefore GIFC imply that
0 < palz) Ava(z) <0.5, for all z € X.

In GIFSs A there is another parameter is:

7A(@) = 1.5 — a(x) — va(e)

which s known as generalized intuitionistic fuzzy index or hesitation degree of whether x
belongs to A or not.
It is obviously seen that for every x € X, 0 < my(z) < 1.

If the value of ma(x) is very small, then knowledge about x is certain; if ma(x) is great,
then the knowledge is more uncertain. Obviously, when ps(x) = 1—va(x), for all elements
of the universe, the traditional fuzzy set concept is recovered.

It may be noted that all GIFs are IFSs but the converse is not true.
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Definition 4. Let A and B be two GIFSs on X, where
A=Az, (pa(z),va(z)) 2z € X} and

B ={xz,{up(x),vp(x)) : x € X}. Then,

Hamming distance between GIFSs A and B is given as follows:
1
d(A, B) = 5llpa(®) = ps ()] + |valz) — vp(2)| + |ma(z) — 75(2)]]

Definition 5. (Generalized intuitionistic fuzzy matric (GIFM)) Generalized
intuitionistic fuzzy matrix (GIFM) of order m x n is defined as A = (a;;,, aij) Where a;j,
and a;;,, are the membership value and non-membership value of the ¢j-th element in A
satisfying the condition 0 < pa(x) A va(z) < 0.5, and the maximum value of pa(x) and

va(x) is 1.0,for all ¢, j.

3. An integrated generalized intuitionistic fuzzy multi criteria

decision making method

In this section the TOPSIS method is extended to generalized intuitionistic fuzzy en-
vironment, which is a very suitable for solving decision making problem.

Let A = {Ay, Ay, -+, A} be a set of alternatives C' = {C,Cy, -+ ,Cp,} be a set of
criteria. Generalized intuitionistic fuzzy TOPSIS method consists of the following steps

which are given as follows:

(1) Construct an generalized intuitionistic fuzzy preference relation matrix:

Let B = (b;;)nxn be an generalized intuitionistic preference matrix of criteria as

follows:
[ By b bis oo bi, |
bor byy bys oo b
B = 531 532 g33 g?m

bml bm2 bm3 bmn
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where g,](z =1,2,---,m;j=1,2,---  n) and satisfies the following condition:
% HipHpj
(1i3)" = maix { iz, max { H (1)
’ T Lpgppupg + (15 — pip) (1.5 — 1)
. _ VipVpj }}
1] — a ij, A, 2
(vig)" = m X{”J mpx{yipypj+(1.5—yip)(1.5—upj) @)

where (u;;)* and (v;;)*, the element of (B)* matrix, are the membership and
non-membership degree of the alternative z; over x; respectively and 0 < (p;;)* +
(v;;)* < 1.5foralli, j, k=1,2,---  n, then we call (B)* a multiplicative consistent
generalized intuitionistic fuzzy preference relation. If (B)* does not satisfy the
condition of 0 < (p;;)* + (v4;)* < 1.5 for all 4, j, k=1,2,--- ,n, then we call (B)*
an inconsistent multiplicative generalized intuitionistic fuzzy preference relation.

Obtain the priority vector of criteria.

After obtained aggregated generalized intuitionistic fuzzy preference matrix, the
priority vector of criteria w = (wy,ws, - -+ ,w,)T can be estimated with the follow-
ing equation

1 1

_ 3)
( n (1~5*Hfj) ’ n VZ]’ > (
i () o ()

Construct a generalized intuitionistic fuzzy decision matrix:

w; = [wf, w!]

R = (Tij)mxn 1s an generalized intuitionistic fuzzy decision matrix such that

Let B = (bij)nxn be an generalized intuitionistic preference matrix of criteria as

follows:
Tn Tz Tz o T
Tor Tay Toz v Top
R= | T3 T3 T33 - Tan
L ?ml ?m2 ?mB e ?mn i
where 7;; = (45, vij, mi5), (i =1,2,--- ;m;j =1,2,--- ,n), which contained in an

generalized intuitionistic fuzzy decision matrix.
Determine the generalized intuitionistic fuzzy positive ideal solution and the gen-

eralized intuitionistic fuzzy negative ideal solution:
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Let J; be the set of benefit criteria, Jo be the set of cost criteria, A* be the
generalized intuitionistic fuzzy positive ideal solution and A~ be the generalized
intuitionistic fuzzy negative ideal solution, then A* and A~ can be determined

respectively as:

A* = (7“;7”;7"' 7r:)77n;‘< = (y';ay;aﬂ—;)aj = 1727"' ) T (4)
A7:<r17770277"'77’7:)77,;:(u;vyfaﬂ;)aj:LQ?'”7n (5>
i = { (macfpig g € 1), (minpus}j € 1) § (6)

(

(min{w;}lj € 7). (max{w;}lj € 1) } ™)
(minfuii i € 1), (maxtugs}lje ) | ®)
(mactrg}li € 1), (minf} i € 22) | )

(

= {(1.5 — max{p;;} — min{y;; }[j € J1>,
;= {(1.5 — min{p;;} — max{v;}j € Jy

15— min{p;} —max{v,}]j € ) | (10)
):

(15— max{uy} ~ minfu}lj € 1) } (1)

(5) Calculate the weighted separation measure:
The weighted Hammining distance is used to obtain separation measures. The
weighted lower and upper separation measures (SF)%, (S¥)V and (S;)%, (S;)V of

each alternative from the generalized intuitionistic fuzzy positive ideal solution

and the generalized intuitionistic fuzzy negative ideal solution are respectively
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calculated as follows:

(59" = %iwﬂm — ]+ lvig = 5|+ [miy = 3] (12)
j=1
(57" = %iwﬁ lps = 1151+ iy = w5 | 4 iy = 3] (13)
j=1
(57)" = %iwﬂlw = py |+ vig = vy |+ iy — 77 ] (14)
j=1
(57)" = %Enjw?[lmj = py |+ vig = vy |+ iy — 77 ] (15)
j=1

(6) Calculate the relative closeness coefficient of each alternative to the generalized
intuitionistic fuzzy positive and negative ideal solutions:

The relative closeness coefficient of an alternative A; with respect to the general-

ized intuitionistic fuzzy positive ideal solution A* and the generalized intuitionistic

fuzzy negative ideal solution A~ is defined as follows:

@@~ s ) (v )} 1o

(7) Rank the alternative according to the descending order of the relative closeness

coefficients CF = ((CH)F, (CHY).

In order to rank alternatives the possibility degree formula is used.

Definition 6. Let a = [a¥,aV] and b = [b*,bY] be two interval numbers where is 0 <

a¥ <a¥ <1 and 0 < b* < bV < 1 then the possibility degree of a > b is defined as:

p(aZb):max{l—ma}((bU_Zg;;;_ap()),()} (17)

that is a superior to b to degree of, denoted by a =P@=b p.

Similarly, the degree of possibility b > a is defined as:

p(bZa):max{l—max<bU_ZZ;;;_aLﬁ),O} (18)

that is b superior to a to degree of, denoted by bﬁ(bza)a.
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Let P = p;; = p(a; > a;) be the complementary generalized intuitionistic fuzzy matrix

and given as follows:

P11 P12 P13 - Pin
P21 P22 P23 - DPon
P = P31 P32 P33 ' D3n
Pn1 Pni2 Pn3 *°° Pnn

Wherepij ZO, Dij +pﬂ: 1,]?“: .5 and ’l,]: 1,2,"‘ ,n.

Summing all elements in each line of matrix P, then:
Di = szj Z?] = 1a27"' , I
j=1
Alternatives are ranked according to descending order of p;.

4. Illustrate Example

A manufacturing company is select to location for building new plant. There are four
candidates place Ay, Ay, A3 and A4 are chosen for further evaluation. In order to evaluate
candidate locations, expansion possibility (C}), availability of acquirement material (Cs),

distance to market (C3) and labour cost (Cy) are considered as evaluation factor.

(1) Construct an generalized intuitionistic fuzzy preference matrix.

Let B = (b;j)ax4 generalized intuitionistic fuzzy preference relation matrix

(0.80,0.40) (0.70,0.50) (0.80,0.20) (0.60,0.50)
5 _ | (070,040 (0.80,0.50) (0.70,0.30) (0.60,0.50)
(0.60,0.40) (0.90,0.30) (0.60,0.30) (0.50,0.50)
(0.40,0.60) (0.50,0.40) (0.70,0.30) (0.80,0.30)

Here B = (b;j)4x4 has been consistent generalized intuitionistic fuzzy preference

relation matrix due to satisfying the condition 1-2 and the matrix existing as



APPLICATION OF GIFM IN MULTI-CRITERIA DECISION MAKING PROBLEM 27

follows:
(0.80,0.40) (0.70,0.50) (0.80,0.20) (0.60,0.50)
B (0.70,0.40) (0.80,0.50) (0.70,0.30) (0.60,0.50)
(0.60,0.40) (0.90,0.30) (0.60,0.30) (0.50,0.50)
(0.40,0.60) (0.50,0.40) (0.70,0.30) (0.80,0.30)

(2) Obtain the priority vector of criteria.
The priority vector of criteria has been estimated by utilizing Eq.3 as follows:
wy = (0.228,0.659), we = (0.215,0.620), w3 = (0.208,0.733) and wy, = (0.148,0.653)
(3) Construct the generalized intuitionistic fuzzy decision matrix.

The generalized intuitionistic fuzzy decision matrix has been constructed as fol-

lows:
Criteria
Candidates
Cy Cy Cs Cy
Ay (0.74,0.44,0.32) (0.72,0.38,0.40) (0.64,0.44,0.62) (0.69,0.45,0.36)
Ao (0.85,0.42,0.23) (0.78,0.45,0.27) (0.71,0.36,0.43) (0.82,042,0.26)
As (0.76,0.36,0.38) (0.66,0.38,0.46) (0.48,0.65,0.37) (0.70,0.40, 0.40)
Ay (0.78,0.46,0.26) (0.75,0.42,0.30) (0.68,0.48,0.34) (0.75,0.35,0.40)

(4) Determine the generalized intuitionistic fuzzy positive ideal solution and the gen-
eralized intuitionistic fuzzy negative ideal solution.

Considering that expansion possibility, availability of acquirement material are
the benefit criteria J; = {C1,Cy} and distance to the market and labour cost are
the cost criterion Jy = {C3, Cy}. Then the generalized intuitionistic fuzzy positive
ideal solutions and generalized intuitionistic fuzzy positive ideal solutions have

been obtained by employing Eq.4- Eq.11 as follows:

(0.85,0.23,0.42), (0.78,0.38,0.34);
(0.48,0.65,0.37), (0.69,0.45, 0.36).
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and A” =

(0.74, 0.46, 0.30),
(0.71,0.36, 0.43),

(5) Calculate the weighted separation measures.

(0.66, 0.45,0.39);
(0.82,0.35,0.33).

Generalized intuitionistic fuzzy negative and positive separation measures based

on the weighted lower and upper Hamming distance for each candidate have been

calculated by utilizing Eq.12-Eq.15 and given in

Candidates (S*)L (S*)V (S7)L (S7)Y
Ay 0.176 0.598 0.089 0.315
A 0.155 0.514 0.090 0.317
Az 0.191 0.641 0.154 0.449
Ay 0.254 0.812 0.146 0.452

Calculate the relative closeness coefficient of each candidate to the generalized

intuitionistic fuzzy positive ideal solution and the generalized intuitionistic fuzzy

negative ideal solutions. The relative closeness coefficients of each candidate to the

generalized intuitionistic fuzzy positive ideal solutions and generalized intuitionis-

tic fuzzy positive ideal solutions have been calculated by using Eq.16 as follows:

0.089

0.315

(e ) = {(0.598 o35 0176 ¢ 0.089)} = (0.097, 1.189)
(e @3)) = {(0.512'298.317)’ (0.152'115.090)} = (0.108,1.294)
() c5)) = {(0.642153.449)’(0.192'143.154)} = (0.141, 1.301)
(CANCAE {(0.812.14(6)5.452)’ (0.142'%%53.254) } = (0.0881.130

Rank the candidates according to the descending order of the relative closeness co-

efficients. Four candidate locations have been ranked according to the descending

order of relative closeness coefficients. The candidates have been ranked by using

the possibility degree formula and the following matrix has been constructed as
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follows :

0.50 0.47
0.53 0.50
0.53 0.51
0.48 047

0.47
0.49
0.50
0.45

0.52
0.54
0.55
0.50

Summing all elements in each line of matrix P, then:

P1 = 196, P2 = 206, Ps = 2.09 and Pa = 1.90.

The candidates have been ranked as Az, Ay, A; and A4 according to the descending

order p;, © = 1,2,3,4. Thus A3 has been selected s the most desirable facility

location among the candidates.

5. Conclusion

The success of companies depends on their capability on making right strategic deci-
sions. Facility location selection is one of these strategic decisions, which it is a costly and
difficult to reverse activity for companies. Therefore, this has presented the integration
of generalized intuitionistic fuzzy preference relation and generalized fuzzy intuitionistic
TOPSIS method for selecting the most desirable facility location. the generalized in-

tuitionistic fuzzy preference relation has been applied to derive the weights of criteria

29

and generalized intuitionistic fuzzy TOPSIS method has been used to rank alternative.

The intregrated generalized intuitionistic fuzzy multi-criteria decision making method has
enormous chances of success for multi-criteria decision making problems due to great su-

periority on dealing with uncertainty information. In future, the proposed method can be

used for dealing with uncertainty in a variety of multi-criteria decision making problems.
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