
FOCUS

Generalized intuitionistic fuzzy geometric aggregation operator
and its application to multi-criteria group decision making

Chunqiao Tan

Published online: 25 February 2010

� Springer-Verlag 2010

Abstract In general, for multi-criteria group decision

making problem, there exist inter-dependent or interactive

phenomena among criteria or preference of experts, so that

it is not suitable for us to aggregate them by conventional

aggregation operators based on additive measures. In this

paper, based on fuzzy measures a generalized intuitionistic

fuzzy geometric aggregation operator is investigated for

multiple criteria group decision making. First, some oper-

ational laws on intuitionistic fuzzy values are introduced.

Then, a generalized intuitionistic fuzzy ordered geometric

averaging (GIFOGA) operator is proposed. Moreover, some

of its properties are given in detail. It is shown that GIF-

OGA operator can be represented by special t-norms and t-

conorms and is a generalization of intuitionistic fuzzy

ordered weighted geometric averaging operator. Further, an

approach to multiple criteria group decision making with

intuitionistic fuzzy information is developed where what

criteria and preference of experts often have inter-depen-

dent or interactive phenomena among criteria or preference

of experts is taken into account. Finally, a practical example

is provided to illustrate the developed approaches.
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1 Introduction

In many complex decision making problems, the decision

information provided by a decision maker is often

imprecise or uncertain due to time pressure, lack of data,

or the decision maker’s limited attention and information

processing capabilities. Since fuzzy set, whose basic

component is only a membership function, was introduced

(Zadeh 1965), in the following several decades, fuzzy set

theory has been applied successfully in decision making

field. Intuitionistic fuzzy set (IFS)(Atanassov 1986), an

extension of Zadeh’s fuzzy sets, has a prominent char-

acteristic: it assigns to each element a membership degree

and a non-membership degree. Intuitionistic fuzzy set has

been proven to be highly useful to deal with uncertainty

and vagueness, and it is a very suitable tool to be used to

describe the imprecise or uncertain decision information.

Recently, different decision making problems based on

IFS have received a great deal of attention. Gau and

Buehrer (1993) introduced the vague set, which is an

equivalence of IFS (Bustine and Burillo 1996). Later,

based on vague sets, Chen and Tan (1994), and Hong and

Choi (2000) utilized the minimum and maximum opera-

tions to develop some approximate technique for handling

multi-attribute decision making problems under fuzzy

environment. Szmidt and Kacprzyk (1996) used IFSs to

solve group decision making problems. Atanassov et al.

(2005) proposed an intuitionistic fuzzy interpretation of

multi-person multi-criteria decision making. Li (2005)

investigated multi-attribute decision-making using IFSs

and constructed several linear programming models to

generate optimal weights for criteria. Xu and Yager

(2006) developed some geometric aggregation operators

based on IFSs to multiple attribute decision making. Liu

and Wang (2007) introduced the intuitionistic fuzzy point

operators, and defined a series of new score functions for

the multi-attribute decision making problems based on

intuitionistic fuzzy point operators and evaluation func-

tion. By linear programming model, Lin et al. (2007)

C. Tan (&)

School of Business, Central South University,

Changsha 410083, China

e-mail: chunqiaot@sina.com

123

Soft Comput (2011) 15:867–876

DOI 10.1007/s00500-010-0554-6



presented a new method for handling multi-criteria fuzzy

decision-making problems based on IFSs. Wei (2009)

proposed dynamic intuitionistic fuzzy weighted geometric

operator for dynamic multiple attribute decision making.

Although there has been great progress in multicriteria

decision making with IFSs, most of these works are based

on the assumption that the criteria (attribute) and prefer-

ences of decision makers are independent, and the aggre-

gation operators are linear operators based on additive

measures, which is characterized by an independence

axiom (Keeney and Raiffa 1976; Wakker 1999). In the real

problems there is a phenomenon where there exists some

degree of inter-dependent or interactive characteristics

between criteria (Grabisch 1995; Grabisch et al. 2000).

Expert’s subjective preference always shows non-linearity.

There usually are interactive phenomena among preference

of experts. The independence axiom generally cannot be

satisfied. To overcome this limitation, it is more reasonable

to use a non-additive measure instead of traditional addi-

tive measure operators to approximate people’s evaluation

processes for decision making problems. Sugeno (1974)

introduced the concept of non-additive measure (fuzzy

measure), which only makes a monotonicity instead of

additivity property. It was used to model interaction phe-

nomena (Ishii and Sugeno 1985; Roubens 1996; Grabisch

1996; Kojadinovic 2002) and deal with decision making

problems (Grabisch 1995, 1997; Grabisch et al. 2000; O-

nisawa et al. 1986). In this paper, based on fuzzy measure

we develop a generalized intuitionistic fuzzy geometric

aggregation operator for multi-criteria group decision

making which takes into account the inter-dependent or

interactive characteristics of the criteria and preference.

In order to do that, the paper is organized as follows. In

Sect. 2, we review the IFSs. In Sect. 3, we introduce fuzzy

measure. A generalized intuitionistic fuzzy ordered geo-

metric averaging operator is proposed, and some of its

properties are investigated in detail. In Sect. 4, the multi-

criteria group decision making procedure based on the

generalized intuitionistic fuzzy ordered geometric averag-

ing operator is presented under intuitionistic fuzzy envi-

ronment. In Sect. 5, an example is given to illustrate the

concrete application of the method. Finally, conclusions

are made in Sect. 6.

2 Intuitionistic fuzzy sets

First, let us first review some basic concepts related to

intuitionsitic fuzzy set. Atanassov (1986) generalized the

concept of fuzzy set and defined the intuitionsitic fuzzy set

as follows.

Let X be an ordinary finite non-empty set. An IFS in X is

an expression A given by

A ¼ x; tA xð Þ; fA xð Þh ijx 2 Xf g ð1Þ

where tA: X ? [0,1], fA: X ? [0,1] with the condi-

tion 0 B tA(x) ? fA(x) B 1, for all x in X. The numbers tA
(x) and fA (x) denote, respectively, the degree of member-

ship and the degree of non-membership of element x in set

A.

For each IFS A in X, if pA(x) = 1 - tA (x) - fA (x), V
x [ X, then pA(x) is called the degree of indeterminacy of x

to A. Especially, if pA(x) = 1 - tA (x) - fA (x) = 0, V
x [ X, the IFS A is reduced to a fuzzy set. Clearly, a

prominent characteristic of IFS is that it assigns to each

element a membership degree, a non-membership degree

and a hesitation degree. Accordingly, IFS is a very suitable

tool to be used to deal with decision problems with

imprecise or uncertain information.

For computational convenience, in this paper, we call

(tA(x), fA(x)) an intuitionistic fuzzy value. Let X be the set

of all intuitionistic fuzzy values on x.

For every two intuitionistic fuzzy values A and B the

following operations and relations are valid:

1: A ¼ B if and only if tA xð Þ ¼ tB xð Þ and fA xð Þ
¼ fB xð Þfor all x 2 X; ð2Þ

2: A�B if and only if tA xð Þ� tB xð Þ and fA xð Þ� fB xð Þ
for all x 2 X: ð3Þ

However, for some intuitionistic fuzzy values, (3) is not

satisfied in some situations. So it cannot be used to

compare these intuitionistic fuzzy values. In the following,

we use a score function and an accuracy function of

intuitionistic fuzzy values for the comparison between two

intuitionistic fuzzy values (Xu and Yager 2006).

Definition 1 Let ~a ¼ ðt~a; f~aÞ and ~b ¼ t~b; f~b

� �
be two in-

tuitionistic fuzzy values, Sð~aÞ ¼ t~a � f~a and S ~b
� �
¼ t~b � f~b

be the score functions of ~a and~b; respectively, and let

Hð~aÞ ¼ t~a þ f~a and H ~b
� �
¼ t~b þ f~b be the accuracy func-

tions of ~a and ~b; respectively.

If S ~að Þ\S ~b
� �

; then ~a is smaller than ~b; denoted by

~a\~b;

If S ~að Þ ¼ S ~b
� �

; then

1. If H ~að Þ\H ~b
� �

; then ~a is smaller than ~b; denoted by

~a\~b;

2. If H ~að Þ ¼ H ~b
� �

; then ~a and ~b represent the same

information, denoted by ~a ¼ ~b:
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According to De et al. (2000) and Xu and Yager (2006),

we introduce some operational laws on intuitionistic fuzzy

values as follows:

Definition 2 Let ~a ¼ t~a; f~að Þ and ~b ¼ t~b; f~b

� �
be two in-

tuitionistic fuzzy values; then

1: ~a� ~b ¼ t~at~b; f~a þ f~b � f~af~b

� �
;

2: ~ak ¼ t~að Þk; 1� 1� f~að Þk
� �

; k[ 0:

For these operational laws of Definition 2, there are the

following properties (Xu and Yager 2006):

Proposition 1 Let ~a ¼ ðt~a; faÞ and ~b ¼ t~b; f~b

� �
be two

intuitionistic fuzzy values, and let ~c ¼ ~a� ~b; ~d ¼ ~ak; Vk,

k1, k2 [ 0. Then both ~c and ~d are also intuitionistic fuzzy

values; furthermore,

~a� ~b ¼ ~b� ~a; ~a� ~b
� �k¼ ~ak � ~bk; ~ak1þk2 ¼ ~ak1 � ~ak2 :

According to Definition 2, Xu and Yager (2006)

extended weighted geometric averaging operator and

ordered weighted geometric averaging operator to IFSs,

and defined intuitionistic fuzzy weighted geometric

averaging (IFWGA) and intuitionistic fuzzy ordered

weighted geometric averaging (IFOWGA) operator.

Definition 3 Let ~ai ¼ t~ai
; f~ai

ð Þ (i = 1,…,n) be a collection

of intuitionistic fuzzy values on X. An intuitionistic fuzzy

weighted geometric averaging (IFWGA) operator of

dimension n is a mapping IFWGA: Xn ? X, and

IFWGAw ~a1; ~a2; . . .; ~anð Þ ¼ ð~a1Þw1 � ð~a2Þw2 � � � � � ~anð Þwn

where w = (w1, w2,…,wn)T is the exponential weighting

vector of ~ai (i = 1, 2,…,n), with wi [[0, 1] and
Pn

i¼1 wi ¼
1: Furthermore

IFWGAw ~a1; ~a2; . . .; ~anð Þ ¼
Yn

i¼1

ðt~ai
Þwi ;1�

Yn

i¼1

ð1� f~ai
Þwi

 !

:

Definition 4 Let ~ai ¼ t~ai
; f~ai

ð Þ (i = 1, 2,…,n) be a

collection of intuitionistic fuzzy values on X. An

IFOWGA operator of dimension n is a mapping

IFOWGA: Xn ? X, that has associated with it an

exponential weighting vector w = (w1, w2,…,wn)T, with

wi [[0, 1] and
Pn

i¼1 wi ¼ 1; such that

IFOWGAw ~a1; ~a2; . . .; ~anð Þ ¼ ~að1Þ
� �w1� ~að2Þ

� �w2� � � �
� ~aðnÞ
� �wn

where (�) indicates is a permutation on X such that

~að1Þ � ~að2Þ � � � � � ~aðnÞ: Furthermore,

IFOWGAw ~a1; ~a2; . . .; ~anð Þ

¼
Yn

i¼1

t~aðiÞ

� �wi

; 1�
Yn

i¼1

1� f~aðiÞ

� �wi

 !

:

3 Generalized intuitionistic fuzzy ordered geometric

averaging operator

3.1 Fuzzy measure

For traditional additive aggregation operators, such as the

weighted arithmetic mean or OWA (Yager 1988) operator,

each criteria i [ N (N denotes a criteria set) is given a weight

wi [ [0, 1] representing the importance of this criteria in the

decision, and the sum of all wi (i = 1, 2,…n) amount to one.

But it does not define a weight on each combination of cri-

teria. In real decision problems, since there are often inter-

dependent or interactive phenomena among criteria, the

overall importance of a criterion i [ N is not solely deter-

mined by itself i, but also by all other criteria T, i [ T. Sup-

pose that w(i) denotes the importance degree of i, we may

have w(i) = 0, suggesting that element is unimportant, but it

may happen that for many subsets T 7 N, w(T [ i) is much

greater than w(T), suggesting that i is actually an important

element in the decision. In 1974, Sugeno (1974) introduced

the concept of fuzzy measure (non-additive measure), which

only makes a monotonicity instead of additivity property.

For real decision making problems, fuzzy measure define a

weight on not only each criteria but also each combination of

criteria, and the sum of every wi (i = 1, 2,…n) does not equal

to one. Thus it is used as a powerful tool for modeling

interaction phenomena in decision making.

Definition 5 A fuzzy measure on X is a set functions l:

2X ? [0, 1], satisfying the following conditions:

1. l (/) = 0, l (X) = 1;

2. If A, B [ P(X) and A 7 B then l (A) B l (B).

If the universal set X is infinite, it is necessary to add an

extra axiom of continuity (Wang and Klir 1992). However, in

actual practice, it is enough to consider the finite universal

set. l(S) can be viewed as the grade of subjective importance

of decision criteria S. Thus, in addition to the usual weights

on criteria taken separately, weights on any combination of

criteria are also defined. However, in order to determine

fuzzy measures on criteria set N = {1, 2,…, n}, we generally

need to find 2n-2 values for n criteria only; values l (/) and

l (X) are always equal to 0 and 1, respectively. So the

evaluation model obtained becomes quite complex. To avoid

the problems with computational complexity, k-fuzzy mea-

sure g, defined on 2X, was proposed by Sugeno (1974), which

satisfies the following k-rule:
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gðA [ BÞ ¼ g Að Þ þ g Bð Þ þ kg Að Þg Bð Þ; ð4Þ

where k[ -1 for all A, B [ P(X) and A \ B = /.

In Eq. 4, k = 0 indicates that g is called an additive

fuzzy measure and there is no interaction between A and B.

k = 0 indicates that k-fuzzy measure g is non-additive and

there is interaction between A and B. If k[ 0, then

g(A[B) [ g(A) ? g(B), which implies that the set {A, B}

has multiplicative effect. If k\ 0, then g(A[B) \
g(A) ? g(B), which implies that the set {A, B} has sub-

stitutive effect. By parameter k the interaction between

criteria can be represented. If X is a finite set, then [n
i¼1xi ¼

X: The k-fuzzy measure g satisfies following Eq. 5:

gðXÞ ¼ g [
n

i¼1
xi

� �
¼

1
k

Qn

i¼1

1þ kgðxiÞ½ � � 1

� �
if k 6¼ 0;

Pn

i¼1

gðxiÞ if k ¼ 0;

8
>><

>>:

ð5Þ

where xi \ xj = / for all i, j = 1, 2,…,n and i = j. It can

be noted that g(xi) for a subset with a single element xi is

called a fuzzy density, and can be denoted as gi = g(xi).

Especially for every subset A [P(X), we have

gðAÞ ¼
1
k

Q

i2A

1þ kgi½ � � 1

� �
if k 6¼ 0;

P
i2A gi if k ¼ 0:

8
<

:
ð6Þ

Based on Eq. 5, the value k of can be uniquely

determined from g(X) = 1, which is equivalent to solving

kþ 1 ¼
Yn

i¼1
1þ kgið Þ: ð7Þ

3.2 Generalized intuitionistic fuzzy geometric operator

Information aggregation is an essential process and is

also an important research topic in the field of informa-

tion fusion. According to Definitions 3 and 4, it is known

that these operations can only be used to deal with cri-

teria independent arguments where a prominent charac-

teristic is that the sum of weight of each criteria amount

to one. In order to take interdependent or interactive

phenomena among criteria into account, in the following,

based on fuzzy measure, we first define the notion of

generalized intuitionistic fuzzy geometric aggregation

operator.

Definition 6 Let ~ai ¼ t~ai
; f~ai

ð Þ (i = 1, 2,…,n) be a col-

lection of intuitionistic fuzzy values on X, and l be a fuzzy

measure on X. A generalized intuitionistic fuzzy ordered

geometric averaging (GIFOGA) operator of dimension n

based on fuzzy measure is a mapping GIFOGA: Xn ? X
such that

GIFOGAl ~a1; ~a2; . . .; ~anð Þ ¼ ~að1Þ
� �lðAð1ÞÞ�lðAð2ÞÞ

� ~að2Þ
� �lðAð2ÞÞ�lðAð3ÞÞ� � � � � ~aðnÞ

� �lðAðnÞÞ�lðAðnþ1ÞÞ ð8Þ

where (�) indicates a permutation on X such that

~að1Þ � ~að2Þ � � � � � ~aðnÞ and A(i) = ((i),…,(n)), A(n?1) = /.

Theorem 1 Let ~ai ¼ t~ai
; f~ai

ð Þ (i = 1, 2,…,n) be a col-

lection of intuitionistic fuzzy values on X, and l be a fuzzy

measure on X. Then their aggregated value by using

GIFOGA operator is also an intuitionistic fuzzy value;

furthermore,

GIFOGAl ~a1; ~a2; ...; ~anð Þ

¼
Yn

i¼1

t~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
;1�

Yn

i¼1

1� f~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
 !

ð9Þ

where (�) indicates a permutation on X such that

~að1Þ � ~að2Þ � � � � � ~aðnÞ: and A(i) = ((i),…,(n)), A(n?1) = /.

Proof The first result follows immediately from Defini-

tion 6 and Proposition 1. In the following, we prove Eq. 9

by using mathematical induction on n. Let (�) indicate a

permutation on X such that ~að1Þ � ~að2Þ � � � � � ~aðnÞ and

A(i) = ((i),…,(n)), A(n?1) = /. Since A(i?1) , A(i) i = 1,

.2,…,n, l(A(i?1)) B l(A(i)).

For n = 2, according to Definition 2, we have

~að1Þ
� �l Að1Þð Þ�l Að2Þð Þ

¼ t~að1Þ

� �l Að1Þð Þ�l Að2Þð Þ
; 1� 1� f~að1Þ

� �l Að1Þð Þ�l Að2Þð Þ� �
;

~að2Þ
� �l Að2Þð Þ�l Að3Þð Þ

¼ t~að2Þ

� �l Að2Þð Þ�l Að3Þð Þ
; 1� 1� f~að2Þ

� �l Að2Þð Þ�l Að3Þð Þ� �
:

Since

~a1 � ~a2 ¼ t~a1
t~a2
; f~a1
þ f~a2

� f~a1
f~a2

ð Þ
¼ t~a1

t~a2
; 1� ð1� f~a1

Þð1� f~a2
Þð Þ;

then

GIFOGAl ~a1; ~a2ð Þ

¼ ~að1Þ
� � l Að1Þð Þ�l Að2Þð Þð Þ� ~að2Þ

� � l Að2Þð Þ�l Að3Þð Þð Þ

¼
Y2

i¼1

t~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
;1�

Y2

i¼1

1� f~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
 !

That is, for n = 2, Eq. 9 holds. Suppose that if for

n = k, the Eq. 9 holds, i.e.,
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GIFOGAl ~a1;...;~akð Þ

¼
Yk

i¼1

t~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
;1�

Yk

i¼1

1� f~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
 !

Then, for n = k ? 1; according to Definition 6, we have

GIFOGAl ð~a1; . . .; ~ak; ~akþ1Þ
¼GIFOGAl ð~a1; . . .; ~akÞ� ð~aðkþ1ÞÞlðAðkþ1ÞÞ�lðAðkþ2ÞÞ

¼
Yk

i¼1

ðt~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ t~aðkþ1Þ

� �lðAðkþ1ÞÞ�lðAðkþ2ÞÞ
;

 

1�
Yk

i¼1

1� f~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
1� f~aðkþ1Þ

� �lðAðkþ1ÞÞ�lðAðkþ2ÞÞ
!

¼
Ykþ1

i¼1

ðt~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ;1�

Ykþ1

i¼1

ð1� f~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ

 !

:

That is, for n = k ? 1, Eq. 9 still holds.

Therefore, for all n, Eq. 9 always holds, which com-

pletes the proof of Theorem 1.

Remark 1 Let ~ai ¼ ðt~ai
; f~ai
Þ and ~bi ¼ t~bi

; f~bi

� �
(i = 1,

2,…,n), TP t~ai
; t~bi

� �
¼ t~ai

t~bi
; SP f~ai

; f~bi

� �
¼ f~ai

þ f~bi
� f~ai

f~bi
:

Since t~ai
; f~ai

; t~bi
; f~bi

[[0, 1], then TP t~ai
; t~bi

� �
is one of the basic

t-norms, called the product TP (Klement et al. 2000), which

satisfies the following properties: (boundary) TP(0, 0) = 0,

TP(x, 1) = x; (monotonicity) TP(x, y) B TP(x, z) whenever

y B z; (commutativity) TP(x, y) = TP(y, x); (associativity)

TP(x, TP(y, z)) = TP(TP(x, y), where x, y, z [ [0, 1]. SP f~ai
; f~bi

� �

is one of the basic t-conorms, called the probabilistic sum SP

(Klement et al. 2000), which satisfies the boundary, i.e., SP

(1, 1) = 1, TP(x, 0) = x, monotonicity, commutativity, and

associativity. The associativity of t-norms and t-conorms

allows us to extend the product TP and probabilistic sum SP in

a unique way to an n-ary operation to [0, 1]n by induction:

TP x1; x2; . . .; xnð Þ ¼ TP

n

i¼1
xi ¼ TP TP

n�1

i¼1
xi; xn

� �
¼
Yn

i¼1

xi;

SP y1; y2; . . .; ynð Þ ¼ SP

n

i¼1
yi ¼ SP SP

n�1

i¼1
yi; yn

� �

¼ 1�
Yn

i¼1

1� yið Þ:

Assume that xi ¼ t~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
; yi ¼ 1�

1� f~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
; then

GIFOGAl ~a1; ~a2; . . .; ~anð Þ
¼ TPðx1; x2; . . .; xnÞ; SPðy1; y2; . . .; ynÞð Þ:

From Theorem 1, the following property can be directly

obtained.

Proposition 2 Let ~ai ¼ t~ai
; f~ai

ð Þ (i = 1, 2,…,n) be a col-

lection of intuitionistic fuzzy values on X, and l be a fuzzy

measure on X. If all ~ai (i = 1, 2,…,n) are equal, that is, for

all i, ~ai ¼ ~a ¼ ðt~a; f~aÞ; then

GIFOGAl ~a1; ~a2; . . .; ~anð Þ ¼ ~a:

Proposition 3 Let ~ai ¼ t~ai
; f~ai

ð Þ and ~bi ¼ t~bi
; f~bi

� �
(i = 1,

2,…,n) be two collections of intuitionistic fuzzy values on

X, and l be a fuzzy measure on X. (�) indicates a

permutation such that ~að1Þ � � � � � ~aðnÞ and

~bð1Þ � � � � � ~bðnÞ: If ~aðiÞ � ~bðiÞ for all i, that is, t~aðiÞ � t~bðiÞ

and f~aðiÞ � f~bðiÞ
; then

GIFOGAl ~a1; ~a2; . . .; ~anð Þ�GIFOGAl
~b1; ~b2; . . .; ~bn

� �
:

Proof Since A(i?1) 7 A(i), then l(A(i)) - l(A(i?1)) C 0.

For all i, t~aðiÞ � t~bðiÞ
and f~aðiÞ � f~bðiÞ

; we have

Yn

i¼1

t~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
�
Yn

i¼1

t~bðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
;

1�
Yn

i¼1

1� f~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
� 1

�
Yn

i¼1

1� f~bðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
:

According to Theorem 1 and (3), we have

GIFOGAl ~a1; ~a2; . . .; ~anð Þ�GIFOGAl
~b1; ~b2; . . .; ~bn

� �
:

Proposition 4 Let ~ai ¼ t~ai
; f~ai

ð Þ (i = 1, 2,…,n) be a

collection of intuitionistic fuzzy values on X, and l be a

fuzzy measure on X. If ~a� ¼ miniðt~ai
Þ;maxiðf~ai

Þð Þ; ~aþ ¼
maxiðt~ai

Þ;miniðf~ai
Þð Þ; then

~a� � GIFOGAl ~a1; ~a2; . . .; ~anð Þ� ~aþ:

Proof For any ~ai ¼ ðt~ai
; f~ai
Þ (i = 1,…,n), it is obvious that

~a� ¼ ðminiðt~ai
Þ;maxiðf~ai

ÞÞ, and ~aþ ¼ ðmaxiðt~ai
Þ;miniðf~ai

ÞÞ
are intuitionistic fuzzy values. Let (�) indicate a

permutation such that ~að1Þ � � � � � ~aðnÞ: Since

A(i?1) 7 A(i), g(A(i)) - g(A(i?1)) C 0. For any ~ai ¼
ðt~ai
; f~ai
Þ (i = 1, 2,…,n),

min
i
ðt~ai
Þ� t~aðiÞ � max

i
ðt~ai
Þ;min

i
ðf~ai
Þ� f~aðiÞ � max

i
ðf~ai
Þ:

So we have

Yn

i¼1

min
i
ðt~ai
ÞlðAðiÞÞ�lðAðiþ1ÞÞ �

Yn

i¼1

ðt~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ

�
Yn

i¼1

max
i
ðtai
ÞlðAðiÞÞ�lðAðiþ1ÞÞ;

1�
Qn

i¼1

ð1�min
i
ðf~ai
ÞÞlðAðiÞÞ�lðAðiþ1ÞÞ�1�

Qn

i¼1

ð1�f~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ

� 1�
Qn

i¼1

ð1�max
i
ðf~ai
ÞÞlðAðiÞÞ�lðAðiþ1ÞÞ;i.e.,
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min
i
ðt~ai
Þ
Pn

i¼1

lðAðiÞÞ�lðAðiþ1ÞÞ

�
Qn

i¼1

ðt~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ � max

i
ðt~ai
Þ
Pn

i¼1

lðAðiÞÞ�lðAðiþ1ÞÞ
;

1� ð1�min
i
ðf~ai
ÞÞ
Pn

i¼1

lðAðiÞÞ�lðAðiþ1ÞÞ
� 1

�
Yn

i¼1

ð1� f~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ � 1� ð1

�max
i
ðf~ai
ÞÞ
Pn

i¼1

lðAðiÞÞ�lðAðiþ1ÞÞ
:

Thus,

min
i
ðt~ai
Þ�

Yn

i¼1

ðt~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ � max

i
ðt~ai
Þ;min

i
ðf~ai
Þ� 1

�
Yn

i¼1

ð1� f~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ � max

i
ðf~ai
Þ:

According to (3), we have

ðmin
i
ðt~ai
Þ; max

i
ðf~ai
ÞÞ� GIFOGAl ~a1; ~a2; . . .; ~anð Þ

� ðmax
i
ðt~ai
Þ; min

i
ðf~ai
ÞÞ;

that is, ~a� �GIFOGAl ~a1; ~a2; . . .; ~anð Þ� ~aþ:

Proposition 5 Let ~ai ¼ ðt~ai
; f~ai
Þ (i = 1, 2,…,n) be a col-

lection of intuitionistic fuzzy values on X, and l be a fuzzy

measure on X. If ~s ¼ ðt~s; f~sÞ is an intuitionistic fuzzy value, then

GIFOGAl ~a1 � ~s; ~a2 � ~s; . . .; ~an � ~sð Þ
¼ GIFOGAl ~a1; ~a2; . . .; ~anð Þ � ~s:

Proof Since for any i (i = 1, 2,…,n), ~ai � ~s ¼ ðt~ai
t~s; f~ai
þ

f~s � f~ai
f~sÞ ¼ ðt~ai

t~s; 1� ð1� f~ai
Þð1� f~sÞÞ:

According to Theorem 1, we have

GIFOGAl ~a1�~s; ~a2�~s; . . .; ~an�~sð Þ

¼
Yn

i¼1

ðt~aðiÞ t~sÞ
lðAðiÞÞ�lðAðiþ1ÞÞ;

 

1�
Yn

i¼1

ðð1� f~aðiÞ Þð1� f~sÞÞlðAðiÞÞ�lðAðiþ1ÞÞ
!

¼ ðt~sÞ
Pn

i¼1

lðAðiÞÞ�lðAðiþ1ÞÞYn

i¼1

ðt~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ;

0

@

 

1�ð1� f~sÞÞ
Pn

i¼1

lðAðiÞÞ�lðAðiþ1ÞÞYn

i¼1

1� f~aðiÞ

� �lðAðiÞÞ�l Aðiþ1Þð Þ
1

A

¼ t~s
Yn

i¼1

ðt~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ;

 

 

1�ð1� f~sÞ
Yn

i¼1

ð1� f~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ

!

:

According to Definition 2, we have

GIFOGAl ~a1; ~a2; . . .; ~anð Þ � ~s

¼ t~s
Yn

i¼1

t~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
; 1� ð1� f~sÞ

 

Yn

i¼1

1� f~aðiÞ

� �lðAðiÞÞ�lðAðiþ1ÞÞ
!

:

Thus

GIFOGAl ~a1 � ~s; ~a2 � ~s; . . .; ~an � ~sð Þ
¼ GIFOGAl ~a1; ~a2; . . .; ~anð Þ � ~s:

Proposition 6 Let ~ai ¼ ðt~ai
; f~ai
Þ (i = 1, 2,…,n) be a

collection of intuitionistic fuzzy values on X, and l be a

fuzzy measure on X. If r [ 0, then

GIFOGAl ð~a1Þr; ð~a2Þr; . . .; ð~anÞrð Þ
¼ GIFOGAl ~a1; ~a2; . . .; ~anð Þ
� �r

:

Proof According to Definition 2, for any i (i = 1, 2,…,n)

and r [ 0 we have

ð~aiÞr ¼ ððt~ai
Þr; 1� ð1� f~ai

ÞrÞ:

According to Theorem 1, we have

GIFOGAl ð~a1Þr; ð~a2Þr; . . .; ð~anÞrð Þ

¼
Yn

i¼1

ððt~aðiÞ Þ
rÞlðAðiÞÞ�lðAðiþ1ÞÞ;

 

1�
Yn

i¼1

ðð1� f~aðiÞ Þ
rÞlðAðiÞÞ�lðAðiþ1ÞÞ

!

¼
Yn

i¼1

ðt~aðiÞ Þ
rðlðAðiÞÞ�lðAðiþ1ÞÞÞ;

 

1�
Yn

i¼1

ð1� f~aðiÞ Þ
rðlðAðiÞÞ�lðAðiþ1ÞÞÞ

!

:

Since

GIFOGAl ~a1; ~a2; . . .; ~anð Þ
� �r

¼
Yn

i¼1

ðt~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ

 !r

;

 

1�
Yn

i¼1

ð1� f~aðiÞ Þ
lðAðiÞÞ�lðAðiþ1ÞÞ

 !r!

¼
Yn

i¼1

ðt~aðiÞ Þ
rðlðAðiÞÞ�lðAðiþ1ÞÞÞ;

 

1�
Yn

i¼1

ð1� f~aðiÞ Þ
rðlðAðiÞÞ�lðAðiþ1ÞÞÞ

!

:

Thus
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GIFOGAl ð~a1Þr; ð~a2Þr; . . .; ð~anÞrð Þ
¼ GIFOGAl ~a1; ~a2; . . .; ~anð Þ
� �r

:

According to Proposition 5 and Proposition 6, we can

obtain the following corollary:

Corollary 1 Let ~ai ¼ ðt~ai
; f~ai
Þ (i = 1, 2,…,n) be a col-

lection of intuitionistic fuzzy values on X, and l be a fuzzy

measure on X. If r [ 0 and ~s ¼ ðt~s; f~sÞ is an intuitionistic

fuzzy value, then

GIFOGAl ð~a1Þr � ~s; ð~a2Þr � ~s; . . .; ð~anÞr � ~sð Þ
¼ GIFOGAl ~a1; ~a2; . . .; ~anð Þ
� �r�~s:

Proposition 7 Let ~ai ¼ ðt~ai
; f~ai
Þ (i = 1, 2,…,n) be a

collection of intuitionistic fuzzy values on X, and g be a

k-fuzzy measure on X. if k = 0, then

GIFOGAg ~a1; ~a2; . . .; ~anð Þ

¼
Yn

i¼1

ðt~aðiÞ Þ
gðiÞ
Qn

j¼iþ1

½1þkgðjÞ�
;1�

Yn

i¼1

ð1� f~aðiÞ Þ
gðiÞ
Qn

j¼iþ1

½1þkgðjÞ�
0

@

1

A:

If k = 0, that is, g is an additive measure, then

GIFOGAg ~a1; ~a2; . . .; ~anð Þ

¼
Yn

i¼1

ðt~aðiÞ Þ
gðiÞ ; 1�

Yn

i¼1

ð1� f~aðiÞ Þ
gðiÞ

 !

:

where (�) indicates a permutation on X such that

~að1Þ � ~að2Þ � � � � � ~aðnÞ and A(i) = ((i),…,(n)), A(n?1) = /.

Proof Let (�) indicate a permutation on X such that

~að1Þ � ~að2Þ � � � � � ~aðnÞ and A(i) = ((i),…,(n)), A(n?1)

= /.

Since A(i) = {(i),…,(n)} and A(i?1) = {(i ? 1),…,(n)},

according to Eq. 6, if k = 0, then

g AðiÞ
� �

� g Aðiþ1Þ
� �

¼ gðiÞ � 1þ k � 1
k

Yn

j¼iþ1

1þ kgðjÞ
� 	

� 1

 !( )

¼ gðiÞ �
Yn

j¼iþ1

1þ kgðjÞ
� 	

 !

:

Thus according to Eq. 9, we have

GIFOGAg ~a1; ~a2; . . .; ~anð Þ

¼
Yn

i¼1

ðt~aðiÞ Þ
gðiÞ
Qn

j¼iþ1

½1þkgðjÞ�
;1�

Yn

i¼1

ð1� f~aðiÞ Þ
gðiÞ
Qn

j¼iþ1

½1þkgðjÞ�
0

@

1

A:

If k = 0, then g(A(i)) - g(A(i?1)) = g (i). So we have

GIFOGAg ~a1; ~a2; . . .; ~anð Þ

¼
Yn

i¼1

ðt~aðiÞ Þ
gðiÞ ; 1�

Yn

i¼1

ð1� f~aðiÞ Þ
gðiÞ

 !

:

In the following, we will find some relations between

GIFOGA and IFOWGA (or GIFOGA and IFWGA)

operators. According to Proposition 7 and Definition 3,

the following conclusion is easily obtained:

Proposition 8 Let ~ai ¼ ðt~ai
; f~ai
Þ (i = 1, 2,…,n) be a col-

lection of intuitionistic fuzzy values on X and l be a fuzzy

measure on X. If l is an additive fuzzy measure, then

GIFOGAl ~a1; ~a2; . . .; ~anð Þ ¼ IFWGAw ~a1; ~a2; . . .; ~anð Þ

where wi is the weight index of ~aðiÞ (i = 1, 2,…,n), wi = l

(i). In particular, if l(i) = 1/n, then GIFOGA operator

reduces to an intuitionistic fuzzy geometric operator.

Moreover, one can readily see that IFWGA is a GIF-

OGA operator which has an additive fuzzy measure l:

lðAÞ ¼
X

i2A

wi; ðA � XÞ:

Theorem 2 If l is an additive fuzzy measure, then there

exists wi [ [0, 1],
Pn

i¼1 wi ¼ 1 such that

IFWGAw ~a1; ~a2; . . .; ~anð Þ ¼ GIFOGAl ~a1; ~a2; . . .; ~anð Þ:

Suppose that IFOWGA operator has associated with it

an exponential weighting vector w = (w1, w2,…,wn)T,

according to Theorem 1 and Definition 4, it is easily seen

that IFOWGA operator will be equivalent to a GIFOGA

operator, where fuzzy measure l associated to the GIF-

OGA is given by

lðSÞ ¼
X

i¼n�sþ1

wi S � X; S 6¼ /ð Þ:

Conversely, the GIFOGA operator will be equivalent to the

IFOWGA operator that has associated with it an expo-

nential weighting vector w = (w1, w2,…,wn)T, wn -s = l
(S [ i) - l (S), i [ X, S 7 X \ i.

Theorem 3 Let ~ai ¼ ðt~ai
; f~ai
Þ (i = 1, 2,…,n) be a col-

lection of intuitionistic fuzzy values on X, and l be a fuzzy

measure on X. The following assertions are equivalent:

1. For any A, B [ P(X) such that |A| = |B|, we have

l(A) = l(B).

2. There exists an exponential weighting vector w = (w1,

w2,…,wn) such that

GIFOGAl ~a1; ~a2; . . .; ~anð Þ ¼ IFOWGAw ~a1; ~a2; . . .; ~anð Þ:

3. GIFOGA is a symmetric function.
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Proof The proof is similar to that of Proposition 4.1 in

Marichal (2002). Here we do not duplicate it.

From Theorems 2 and 3, it is easily known that the

GIFOGA operator generalizes both IFWGA and IFOWGA

operators. The IFWGA and IFOWGA operators are two

special cases of GIFOGA operator.

4 Multi-criteria group decision making with GIFOGA

operator

Multi-criteria group decision-making problems generally

involve the following two phases: (1) Aggregation phase: It

combines individual criteria value of each alternative given

by experts to obtain an overall value for each alternative;

(2) Exploitation phase: It orders over value to obtain the

best alternative(s). In some real-life situations, decision

makers or experts may not possess a precise or sufficient

level of knowledge of the problem, or are unable to dis-

criminate explicitly the degree to which one alternative is

better than the other. Generally, multi-criteria group deci-

sion making problem includes uncertain and imprecise data

and information. We first describe the multi-criteria group

decision making problems under intuitionistic fuzzy

environment.

Let E = {e1, e2,…,er} be the set of the experts involved

in the decision process, A = (a1, a2,…,am the set of the

considered alternatives, and C = (c1, c2,…,cn) be the set of

the criteria used for evaluating the alternatives.

In the following, we shall utilize the GIFOGA operator

to propose an approach to multiple criteria group decision

making with intuitionistic fuzzy information, which

involves the following steps:

Step 1 As for every alternative ai (i = 1,…,m), each

expert ek (k = 1,…,r) is invited to express their

individual evaluation or preference according to each

criteria cj (j = 1,…,n) by a intuitionistic fuzzy value

~ak
ij ¼ ðt~ak

ij
; f~ak

ij
Þ (i = 1,…,m; j = 1,…,n, k = 1,…,r).

Then we can obtain a decision making matrix as follows:

Rk ¼

~ak
11; ~ak

12; . . .; ~ak
1n

~ak
21; ~ak

22; . . .; ~ak
2n

� � � � � � � � �
~ak

m1; ~ak
m2; � � � ; ~ak

mn

0

BBBB@

1

CCCCA
:

Step 2 Confirm fuzzy density gi = g(ci) of each criteria

and gi = g(ei) of each expert. According to Eq. 7,

parameter k1 of criteria and k2 of expert can be

determined, respectively.

Step 3 By (3) or Definition 1, ~ak
ij in i-th line of Rk is

reordered such that ~ak
ið1Þ � ~ak

ið2Þ � � � � � ~ak
iðnÞ:Using the

GIFOGA operator

~ak
i ¼ GIFOGAg ~ak

i1; . . .; ~ak
in

� �

¼
Yn

j¼1

ðt~ak
iðjÞ
Þ

gðcðjÞÞ
Qn

t¼jþ1

½1þk1gðcðtÞÞ�
;

0

@

1�
Yn

j¼1

ð1� f~ak
iðjÞ
Þ

gðcðjÞÞ
Qn

t¼jþ1

½1þk1gðcðtÞÞ�
1

A

aggregate all ~ak
ij ¼ ðt~ak

ij
; f~ak

ij
Þ (j = 1, 2,…,n) in the ith line

of the intuitionistic fuzzy decision matrix Rk into the

overall values ~ak
i ¼ ðt~ak

i
; f~ak

i
Þ (i = 1, 2,…,m, k = 1,

2,…,r).

Step 4 Similar to Step 4, all ~ak
i (k = 1, 2,…,r) is

reordered such that ~a
ðkÞ
i � ~a

ðkþ1Þ
i :. Using GIFOGA oper-

ator aggregates all ~ak
i (k = 1, 2,…,r) into a collective

overall values ~ai of alternative ai.

~ai ¼ GIFOGAg ~a1
i ; . . .; ~ar

i

� �

¼
Yr

k¼1

ðt
~a
ðkÞ
i

Þ
gðeðkÞÞ

Qr

t¼kþ1

½1þk2gðeðtÞÞ�
;

0

@

1�
Yr

k¼1

ð1� f
~a
ðkÞ
i

Þ
gðeðkÞÞ

Qr

t¼kþ1

½1þk2gðeðtÞÞ�
1

A:

Step 5 According to the collective overall values ~ai ¼
ðt~ai
; f~ai
Þ of alternatives ai (i = 1, 2,…,m), we rank

alternative ai (i = 1, 2,…,m), then to select the best one.

5 Numerical example

In this section, a group decision making problem is con-

cerned with a manufacturing company which wants to select

the best global supplier according to the core competencies

of suppliers. Now suppose that there are four suppliers (a1,

a2, a3, a4) whose core competencies are evaluated by means

of the following four criteria (c1, c2, c3, c4): the level of

technology innovation (c1); the control ability of flow (c2);

the ability of management (c3); the level of service (c4).

Now there are three experts E = {e1, e2, e3} who are

invited to evaluate the core competencies of four candi-

dates under these five criteria. For expert ek (k = 1, 2, 3),

the evaluated value of supplier ai (i = 1, 2, 3) with respect

to cj (j = 1, 2, 3, 4) can be expressed by intuitionistic fuzzy

value ~ak
ij ¼ ðt~ak

ij
; f~ak

ij
Þ: The intuitionistic fuzzy decision

matrix Rk ¼ ð~aijÞ4	4 (k = 1, 2, 3) can be gotten as listed in

Tables 1, 2, and 3.

To get the best supplier(s), the following steps are

involved:

Step 1 We first determine fuzzy density of criteria and

expert, and their k parameter, respectively.
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Suppose that g(c1) = 0.40, g(c2) = 0.25, g(c3) = 0.37,

g(c4) = 0.20, according to Eq. 7, the k of criteria can be

determined: k1 = -0.44.

Suppose that g(e1) = 0.40, g(e2) = 0.40, g(e3) = 0.40.

Then k of expert can be determined: k2 = -0.44.

Step 2 For intuitionistic fuzzy decision matrix R1,

according to Definition 1, the evaluated value ~a1
ijof

supplier ai is reordered such that ~a1
iðjÞ � ~a1

iðjþ1Þ; then

utilize the GIFOGA operator

~a1
i ¼ GIFOGAg ~a1

i1; ~a1
i2; ~a1

i3; ~a1
i4

� �

¼
Y4

j¼1

ðt~ak
iðjÞ
Þ

gðcðjÞÞ
Q4

t¼jþ1

½1þk1gðcðtÞÞ�
;

0

B@

1�
Y4

j¼1

ð1� f~ak
iðjÞ
Þ

gðcðjÞÞ
Q4

t¼jþ1

½1þk1gðcðtÞÞ�
1

CA

to aggregate ~a1
ij (j = 1,2,3,4) corresponding to supplier ai:

~a1
1 ¼ 0:43; 0:30ð Þ; ~a1

2 ¼ 0:51; 0:23ð Þ; ~a1
3 ¼ 0:48; 0:23ð Þ; ~a1

4

¼ 0:47; 0:21ð Þ:

Similarly, for Tables 2 and 3, we have, respectively,

~a2
1 ¼ 0:43; 0:30ð Þ; ~a2

2 ¼ 0:52; 0:33ð Þ; ~a2
3 ¼ 0:46; 0:24ð Þ; ~a2

4

¼ 0:54; 0:29ð Þ:

~a3
1 ¼ 0:36; 0:31ð Þ; ~a3

2 ¼ 0:50; 0:32ð Þ; ~a3
3 ¼ 0:35; 0:30ð Þ; ~a3

4

¼ 0:43; 0:23ð Þ:

Step 3 For supplier a1, we reorder ~ak
1 (k = 1, 2, 3) such

that ~a
ðkÞ
1 � ~a

ðkþ1Þ
1 : Using the GIFOGA operator aggre-

gates ~ak
1 (k = 1, 2, 3) into a collective overall values ~a1:

~a1 ¼ GIFOGA g ~a1
1; ~a2

1; ~a3
1

� �

¼
Y3

k¼1

ðt
~a
ðkÞ
1

Þ
gðeðkÞÞ

Q3

t¼kþ1

½1þk2gðeðtÞÞ�
;

0

@

1�
Y3

k¼1

ð1� f
~a
ðkÞ
1

Þ
gðeðkÞÞ

Q3

t¼jþ1

½1þk2gðeðtÞÞ�
1

CA

¼ 0:41; 0:30ð Þ:

Similar to supplier a1, for a2, a3, a4, we have, respec-

tively,~a2¼ 0:51; 0:28ð Þ; ~a3¼ 0:43; 0:25ð Þ; ~a4¼ 0:48; 0:25ð Þ:

Step 4 According to collective values ~ai of supplier ai

(i = 1, 2, 3, 4), we can obtain that

~a2 [ ~a4 [ ~a3 [ ~a1:

Thus the order of four suppliers is a2, a4, a3, a1. Hence

the best supplier is a2.

If we suppose that criteria and preference of experts

are independent, then the above approach is reduced a

traditional aggregation approach by means of intuition-

istic fuzzy geometric operator. In fact, there are inter-

active phenomena among these four criteria. Since

experts invited to provide assessment information of

every criteria on each suppliers usually come from same

or similar fields, they have similar knowledge, social

status, and preference. So we must consider interactive

phenomena among these criteria and experts. To solve

this issue, we apply the approach in Sect. 4 to the

ranking and selection of the best one(s). From the above

analysis, the major advantage over traditional approach is

that the developed approach considers interactive phe-

nomena among criteria and preference of experts, which

approximates to the truth of real decision making prob-

lems, and does not lose information in the process of

aggregation. So the result of decision making accords

with the real situation.

Table 2 Intuitionistic fuzzy decision matrix R2

c1 c2 c3 c4

a1 (0.4, 0.3) (0.3, 0.5) (0.6, 0.2) (0.3, 0.3)

a2 (0.5, 0.4) (0.2, 0.6) (0.8, 0.1) (0.5, 0.3)

a3 (0.4, 0.3) (0.3, 0.5) (0.5, 0.1) (0.7, 0.1)

a4 (0.6, 0.3) (0.2, 0.6) (0.6, 0.2) (0.8, 0.1)

Table 1 Intuitionistic fuzzy decision matrix R1

c1 c2 c3 c4

a1 (0.3, 0.5) (0.5, 0.3) (0.7, 0.2) (0.2, 0.1)

a2 (0.4, 0.3) (0.3, 0.4) (0.8, 0.1) (0.5, 0.2)

a3 (0.4, 0.1) (0.5, 0.4) (0.5, 0.3) (0.6, 0.2)

a4 (0.6, 0.1)] (0.2, 0.5) (0.4, 0.2) (0.7, 0.1)

Table 3 Intuitionistic fuzzy decision matrix R3

c1 c2 c3 c4

a1 (0.3, 0.5) (0.1, 0.4) (0.7, 0.1) (0.4, 0.2)

a2 (0.4, 0.3) (0.5, 0.4) (0.7, 0.2) (0.3, 0.5)

a3 (0.3, 0.2) (0.2, 0.3) (0.4, 0.4) (0.6, 0.3)

a4 (0.5, 0.1) (0.3, 0.4) (0.4, 0.3) (0.5, 0.2)

Generalized intuitionistic fuzzy geometric aggregation operator 875

123



6 Conclusions

Being a generalization of fuzzy sets, the IFSs give us an

additional possibility to represent imperfect knowledge.

This allows us to use more flexible ways to simulate real

decision situations. In this paper, based on operational

laws on intuitionistic fuzzy values, we have developed a

GIFOGA operator for multiple criteria group decision

making, where interactions phenomena among the deci-

sion criteria and preference of experts are considered.

Some of its properties are investigated in detail. It is

shown that the GIFOGA operator generalizes both the

IFOWGA operator and IFWGA operator. Finally, an

example is given to illustrate the multi-criteria group

decision making process. The proposed method differs

from previous approaches for multi-criteria group deci-

sion-making by the following: the proposed method uses

IFS theory rather than fuzzy set theory, and the interac-

tion phenomena among criteria or preference of experts is

taken into account, which makes it more feasible and

practical than other traditional aggregation operators for

real decision making problems.
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