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Abstract The purpose of this paper is to enhance the

applicability of the fuzzy sets for developing mathematical

models for decision making under uncertainty, In general a

decision making process consist of four stages, namely

collection of information from various sources, compile the

information, execute the information and finally take the

decision/action. Only fuzzy sets theory is capable to

quantifying the linguistic expression to mathematical form

in complex situation. Intuitionistic fuzzy set (IFSs) which

reflects the fact that the degree of non membership is not

always equal to one minus degree of membership. There

may be some degree of hesitation. Thus, there are some

situations where IFS theory provides a more meaningful

and applicable to cope with imprecise information present

for solving multiple criteria decision making problem. This

paper emphasis on IFSs, which is help for solving real

world problem in uncertainty situation.
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Introduction

Fuzzy sets are the sets with imprecise (vague) boundaries

which was introduced by Zadeh [1]. It has attracted wide-

spread attentions in various fields, especially where conven-

tional mathematical techniques are less effectiveness,

including social science, linguistic, psychology, economics

andmedical science [2, 3]. In suchfields, variables are difficult

to quantify and dependencies among variables are so ill-de-

fined that precise characterization in terms of algebraic, dif-

ferences or differential equations become almost impossible.

Atanassov [4–7] dealt with IFSs which reflect the fact that the

degree of non membership is not always equal to one minus

degree of membership. Thus, there are some situations where

IFSs theory provides a more meaningful and applicable to

imprecise information present in real life applications.

The concept of IFSs can be viewed as an alternative

approach to define a fuzzy set in case where available

information is not sufficient for the definition of an

imprecise concept by means of a conventional fuzzy set

[8, 9]. In general, the theory of IFSs is the generalization of

fuzzy sets. Therefore, it is expected that IFSs could be used

to simulate human decision-making processes and any

activities necessary human expertise and knowledge. In the

process of multiple criteria decision-making (MCDM)

intuitionistic preference relation is a powerful tool to

express the decision maker’s intuitionistic preference

information over the alternatives [10–12]. Burillo and

Bustince [13] showed that the notion of vague sets coin-

cides with that of IFS. Szmidt and Kacprzyk [14] proposed

a non-probabilistic type of entropy measure for IFSs. De

et al. [15] studied Sanchez’s approach for medical diag-

nosis and extended this concept with the notion of IFSs

theory. Turanli and Coker [16] introduced several types of

fuzzy connectedness in intuitionistic fuzzy topological

spaces. De et al. [15] defined some operations on IFSs.

Szmidt and Kacprzyk [14, 17], Wang and Xin [18] dis-

cussed distance between IFSs. Bustince [13] presented

different theorems for building intuitionistic fuzzy relations

on a set with predetermined properties. Li and Cheng [19]

studied similarity measures of IFSs and their application to
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pattern reorganizations. Szmidt and Kacprzyk [14] con-

sidered the use of IFSs for building MCDM models with

uncertainty. However, it seems that so far there has been

little research on MCDM in discrete decision situations

and/or group decision-making using IFSs [20]. In this

paper, MCDM using IFSs is investigated, in which attri-

butes are explicitly considered, several corresponding lin-

ear programming models are constructed to general

optimal weights of attributes, and the corresponding deci-

sion-making methods are also proposed.

This paper is organized as follows. The definitions and

properties of IFSs are briefly introduced and describes MCDM

models with intuitionistic fuzzy values in ‘‘Decision-Making

Models Based on FuzzyData’’ section. ‘‘AMethod to Estimate

Weights ofAlternatives’’ sectiondescribes an applicationof the

proposed similarity measure to determine the alternative

weights from intuitionistic preference relations. A numerical

example and short conclusion are given in ‘‘Numerical

Example’’ and ‘‘Conclusion’’ sections, respectively.

Decision-Making Models Based on Fuzzy Data

Fuzzy data was used for decision making; A fuzzy set is a

class of objects with a continuum of membership grades. A

membership function, which assigns to each object a grade

of membership, is associated with each fuzzy set [21].

Usually, the membership grades range between 0 and 1.

When the grade of membership for an object in a set is 1,

this object is absolutely in that set; otherwise not in that set.

It also projected as a framework for modelling uncertainty

like vagueness, assign to each member of the universe of

discourse a degree of membership between 0 and 1. Ata-

nassov [4–7] introduced IFSs which reflects the fact that

the degree of non membership is not always equal to one

minus degree of membership. The IFSs theory has been

studied and applied in different areas including decision-

making. Now the modelling a decision problem, a situation

may arise where the expert does not possess a clear idea of

preferences between the alternatives [20]. However, in

some situations the expert may provides his/her prefer-

ences for alternatives to a certain degree, but it is possible

that he/she is not so sure about it. Since a uncertainty

related to human cognitive processes through thinking,

understanding, reorganization etc., present in experts’

preferences values can be easily captured by intutionistic

fuzzy values. Thus, in the process of decision-making

intutionistic preferences relation is a powerful tool to

express the decision maker’s preferences information over

the alternatives Szmidt and Kacprzyk [14].

Let AIFS ¼ f\xi; lAðxiÞ; tAðxiÞ[ : xi 2 X and BIFS ¼
f\xi; lBðxiÞ; tBðxiÞ[ : xi 2 X be the two IFS in

X = {x1, x2, x3, …xn}. Then the degree of similarity

between the IFSs AIFS and BIFS may be evaluated with the

help of the following model.

SPðAIFS � BIFSÞ ¼ 1

� 1

n

Xn

i¼1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jdAðxiÞ � dBðxiÞjp þ jaAðxiÞ � aBðxiÞjpp

p

1þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jdAðxiÞ � dBðxiÞjp þ jaAðxiÞ � aBðxiÞjpp

p ; 1� p\1

ð1Þ

where, dAðxiÞ and aAðxiÞ are defined in the following way

dAðxiÞ ¼ lAðxiÞ þ ð1� lAðxiÞ � tAðxiÞÞlAðxiÞ ð2Þ

aAðxiÞ ¼ tAðxiÞ þ ð1� lAðxiÞ � tAðxiÞÞtAðxiÞ ð3Þ

In larger value of SPðAIFS;BIFSÞ the more similarity

between AIFS and BIFS. A comparison of the proposed

similarity measure with the existing methods. The

expressions of existing similarity measures are shown in

Table 1.

Table 1 The expressions of existing similarity measures

The expressions of existing similarity measures Examples The proposed method

SpðAIFS;BIFSÞ ¼ 1�
Pn

i¼1
SA xið Þ�SB xið Þj j

2n

where, SA(xi) = lA(xi) - vA(xi) and SB(xi) = lB(xi) - vB(xi)

Example 1 : consider

AIFS ¼ x; 0:4; 0h if g and

BIFS ¼ x; 0:6; 0:2h if g
SC ¼ ðAIFS;BIFSÞ ¼ 1

P = 1, we have Sp ¼ ðAIFS;BIFSÞ ¼ 0:76

SzðAIFS;BIFSÞ ¼ 1� 1
2n

Pn

i¼1

dA xið Þ � dB xið Þj j þ aA xið Þ � aB xið Þj jð Þ Example 2 : consider

AIFS ¼ x; 0; 0h ijx 2 Xf g
B1
IFS ¼ x; 0:2; 0:8h ijx 2 Xf g

B2
IFS ¼ x; 0:4; 0:6h ijx 2 Xf g

B3
IFS ¼ x; 0:3; 0:7h ijx 2 Xf g

SzðAIFS;B
1
IFSÞ

¼ SzðAIFS;B
2
IFSÞ

¼ SzðAIFS;B
3
IFSÞ

¼ 0:500

P = 1, we have

SpðAIFS;B
1
IFSÞ ¼ 0:548

SpðAIFS;B
2
IFSÞ ¼ 0:581

SpðAIFS;B
3
IFSÞ ¼ 0:568
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A Method to Estimate Weights of Alternatives

In order to determine the weights of alternatives in a

decision-making process, a methodology has been devel-

oped in this section, based on intuitionistic preference

relation, which can be described as follows:

Step 1 For a MCDM problem, let ‘n’ numbers of

alternative A1, A1, …, An, are set by the expert

where the weights are unknown. The expert

provides his/her intuitionistic preference for

every pair of alternatives (Ai, Aj) and constructs

intuitionistic preference relations as follows:

RIPR = (rij)n9n where rij = (lij, tij), 0 B lij ? tij B 1

for all i, j, = 1, 2, … n. From Eq. 1, we may write lij -
tij, tij - lij, lij - tij - 0.5 for all i, j = 1, 2, … n. There-

fore, for ‘n’ number of alternatives the intuitionistic pref-

erence relations

RIPR - (rij)n9n, given by the expert, may be expressed

as follows:

Step 2 Among the ‘n’ alternatives let us consider the pair

Ai;Aj

� �
. If alternative Ai is definitely preferred

over Aj then the corresponding intuitionistic

preference relation is 1; 0ð Þ; where the certainty

degree to which Ai is preferred to Aj is 1, and the

certainty degree to which Ai is non-preferred to Aj

is 0.

Step 3 If for the pair of alternative Ai;Aj

� �
the

intuitionistic preference value is rij � lij; vij
� �

,

then calculate the similarity between rij and 1; 0ð Þ
using (1). In this way, for all the pair of

alternatives (Ai, Aj) V i, j = 1, 2, … n, i = j,

‘‘c2’’ similarly values can be calculated and

subsequently it has been expressed in a concise

manner in the form of a matrix as follows:

where Spij � Sp rij; rj
� �

; 1� p\1; assuming r� 1; 0ð Þ:

Step 4 Finally, the weight of the alternative Ai is defined

by

Wp Aið Þ � 1� j� n
min

i 6¼j

fSpijg for1 � p \1

Thus, the weight vectors of the alternatives

A1;A2; . . .;An are Wp A1ð Þ;Wp A2ð Þ; . . .;Wp Anð Þ; respec-

tively, for 1� p\1:

Numerical Example

A decision maker intends to buy an air condition system.

He/She has five alternatives to choose, namely

A ¼ A1;A2;A3;A4;A5f g:. Taking into consideration vari-

ous factors, like price, quality, service, user-friendliness the

RIPR ¼

A1 A2 � � � Aj � � � An

A1

A2

..

.

Aj

..

.

An

0:5; 0:5ð Þ l12; m12ð Þ � � � l1j; m1j
� �

� � � l1n; m1nð Þ
l21; m21ð Þ 0:5; 0:5ð Þ � � � l2j; m2j

� �
� � � l2n; m2nð Þ

..

. ..
.

� � � ..
. ..

.

li1; mi1ð Þ li2; mi2ð Þ � � � lij; mij
� �

� � � lin; minð Þ
..
. ..

.
� � � ..

. ..
.

ln1; mn1ð Þ ln2; mn2ð Þ � � � lnj; mnj
� �

� � � 0:5; 0:5ð Þ

0
BBBBBBBBB@

1
CCCCCCCCCA
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decision maker constructs the intuitionistic preferences

relation as follows

In RIPR, the element r12 ¼ 0:6; 0:3ð Þ is composed by the

certainty degree 0.6 to which A1 is preferred to A2 and the

certainty degree 0.3 to which A1 is non-preferred to A2. The

other elements in RIPR may be interpreted in the same way.

Utilizing (1) the similarity measure for p�1ð Þ between

each entry of RIPR and 1; 0ð Þ is computed and the matrix R

can be constructed as follows:

Finally, utilizing (6.9) the weights of the alternatives are

obtained as follows:

W A1ð Þ � 0:473;W A2ð Þ � 0:429;W A3ð Þ � 0:438;W A4ð Þ
� 0:377 andW A5ð Þ � 0:529

Hence, the best air-condition system is A5, since it has

the highest priority weight.

Note: RIPR: Intuitionistic preference relation between

two alternatives.

Conclusion

Decision-making is a crucial topic in fuzzy systems, which

we have studied from different points of view. For this

purpose, a new similarity measure of IFSs has been pro-

posed. Furthermore, a numerical example has also been

provided to make a comparison between the proposed

similarity measure and the exciting models. Finally, an air

conditioning system selection problem has been presented

to illustrate the application of the proposed measure. This

allows us to use flexible ways to simulate real MCDM

under uncertainty, thereby building more realistic scenarios

describing possible future events. In conclusion, this pro-

posed model may be applicable for decision-making

problem in various fields.
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