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Abstract: In 1999, Molodtsov introduced soft set theory which is a new mathematical tool for dealing with uncertainties and is free
from the difficulties affecting the existing methods. Research works on soft set theory are progressing rapidly. Combining soft sets with
fuzzy sets and intuitionistic fuzzy sets, Maji et al. , defined fuzzy soft sets and intuitionistic fuzzy soft sets which are rich potentials for
solving decision making problems. It has been found that soft set, fuzzy set and rough set are closely related concepts. In this work,
we define intuitionistic fuzzy soft set aggregative operator that allows constructing more efficient decision making method. Finally, we
give an example which shows that the method can be successfully applied to many problems that contain uncertainties.
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1 Introduction

In the fuzzy set theory [15] there were no scope to think about the hesitation in the membership degree, which arise in

various real life situations. To overcome these situationsAtanassov [1] introduced theory of intuitionistic fuzzy set in

1986 as a generalization of fuzzy set.

Most of the problems in engineering, medical science, economics, environments etc have various uncertainties.

Molodtsov[12] initiated the concept of soft set theory as a mathematical tool for dealing with uncertainties. Research

works on soft set theory are progressing rapidly. Maji et al.[8] defined several operations on soft set theory. Combining

soft sets with fuzzy sets and intuitionistic fuzzy sets, Feng et al.[7] and Maji et al.[9,10] defined fuzzy soft sets and

intuitionistic fuzzy soft sets which are rich potentials for solving decision making problems.

Matrices play an important role in the broad area of science and engineering. The classical matrix theory cannot solve

the problems involving various types of uncertainties. In [14] Yang et al, initiated a matrix representation of a fuzzy soft

set and applied it in certain decision making problems. The concept of fuzzy soft matrix theory was studied by Borah et

al. in [2]. In [5], Chetia et al. and in [13] Rajarajeswari et al. defined intuitionistic fuzzy soft matrix.

Again it is well known that the matrices are important tools to model/study different mathematical problems specially in

linear algebra. Due to huge applications of imprecise data in the above mentioned areas, hence are motivated to study the

different matrices containing these data. Soft set is also one of the interesting and popular subject, where different types

of decision making problem can be solved. So attempt has beenmade to study the decision making problem by using

intuitionistic fuzzy soft aggregation operator. Das and Kar [6] proposed an algorithmic approach for group decision

making based on IF soft set. The authors [6] have used cardinality of IF soft set as a novel concept for assigning
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confident weight to the set of experts. Cagman and Enginogh[3,4] pioneered the concept of soft matrix to represent a soft

set. Mao et al.[11] presented the concept of intuitionisticfuzzy soft matrix(IFSM) and applied it in group decision

making problem.

In this paper,we define intuitionistic fuzzy soft set aggregative operator that allows constructing more efficient decision

making method. Finally, we give an example which shows that the method can be successfully applied to many problems

that contain uncertainties.

2 Preliminaries

In this section we briefly review some basic definitions related to fuzzy set, intuitionistic fuzzy sets, soft sets and their

generalizations, which will be used in the rest of the paper.

Definition 1. [15] Let X be a non-empty collection of objects denoted by x. Then a fuzzy set (FS for short)α in X is a set

of ordered pairs having the formα = {(x,µα (x)) : x∈ X} .

Where the functionµα : X → [0,1] is called the membership function or grade of membership (also degree of compatibility

or degree of truth) of x inα.The interval M =[0,1]is called membership space.

Definition 2. [1] Let X be a non empty set. Then an intuitionistic fuzzy set (IFS for short) A is a set having the form

A= {(x,µA(x),γA(x)) : x∈ X} where the functionsµA : X → [0,1] andγA : X → [0,1] represents the degree ofmembership

and the degree of non-membership respectively of each element x∈ X and0≤ µA(x)+γA(x)≤ 1 for each x∈ X.

Definition 3. [8, 12] Let U be an initial universe and E be a set of parameters. Let P(U) denotes the power set of U and

A⊆ E. Then the pair (F,A) is called a soft set over U, where F is a mapping given by F:A→ P(U).

Definition 4. [9] Let U be an initial universe and E be a set of parameters. Let I U be the set of all fuzzy subsets of U and

A⊆ E. Then the pair (F, A) is called afuzzy soft set over U, where F is a mapping given by F: A→ I U .

For anyε ∈ A, F(ε) is a fuzzy subset ofU. Let us denote the membership degree that objectx holds parameterε by

µF(ε)(x), wherex∈U andε ∈ A. ThenF(ε) can be written as a fuzzy set such thatF(ε) = {(x,µF(ε)(x)) : x∈U}.

Definition 5. [10] Let U be an initial universe and E be a set of parameters. Let IFU be the set of all intuitionistic fuzzy

subsets of U and A⊆ E. Then the pair (F, A) is called anintuitionistic fuzzy soft set over U, where F is a mapping given

by F. A→ IFU
.

For anyε ∈ A, F(ε) is an intuitionistic fuzzy subset ofU. Let us denoteµF(ε)(x) andγF(ε)(x) by the membership degree

& non-membership degree respectively that objectx holds parameterε, wherex∈U andε ∈ A. ThenF(ε) can be written

as an intuitionistic fuzzy set such thatF(ε) = {(x,µF(ε)(x), γF(ε)(x)) : x∈U}.

3 Intuitionistic Fuzzy soft aggregation operator

In this section we define an intuitionistic fuzzy soft (IF Soft)- aggregation operator that produces an aggregate IF set

from an IF soft set and its cardinal set. The approximate functions of an IF Soft –set are IF set. An IF Soft-set

aggregation operator on the IF sets is an operation by which several approximate functions of an IF Soft –set are

combined to produce a single IF set which is the aggregate IF set of the IF Soft-set.

We restate an intuitionistic fuzzy soft set in the followingway- An intuitionistic fuzzy soft set(IF soft set)ΓA over U is

a set defined by the functionsµλA
: E → IF (U)andυηA : E → IF (U),
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ΓA =

{

(

µλA
(x),υηA(x)

)

x
: x∈ E,λA,ηA ∈ IFS(U)

}

IFS(U) is the set of all IF soft sets overU. λA is called intuitionistic fuzzy approximate function of theIF soft setΓA and

the valueλA(x) is a set called x-element of the IF soft set for allx∈ E. ηA is called non intuitionistic fuzzy approximate

function of the IF soft setΓA and the valueηA(x) is a set called non x-element of the IF soft set for allx∈ E.

Definition 6. LetΓA ∈ IFS(U). Assume that U= {u1,u2,u3, ...,um} and E= {x1,x2,x3, ...,xn} and A⊆ E, then the IF soft

setΓA is as follows.

ΓA x1 x2 ... xn

u1
(

µλA
(x1)(u1),υηA(x1)(u1)

) (

µλA
(x2)(u1),υηA(x2)(u1)

)

...
(

µλA
(xn)(u1),υηA(xn)(u1)

)

u2
(

µλA
(x1)(u2),υηA(x1)(u2)

) (

µλA
(x2)(u2),υηA(x2)(u2)

)

...
(

µλA
(xn)(u2),υηA(xn)(u2)

)

... ...
...

...
...

um
(

µλA
(x1)(um),υηA(x1)(um)

) (

µλA
(x2)(um),υηA(x2)(um)

)

...
(

µλA
(x2)(um),υηA(x2)(um)

)

Here

ΓA =

{

(

µλA
(x),υηA(x)

)

x
: x∈ E,λA(x),ηA(x) ∈ IF (U)

}

.

µλA
(x)is the membership function ofλAandυηA(x) is the non-membership function ofηA. If ai j = µλA

(x j)(ui)andbi j =

υηA(x j)(ui), i = 1,2,3, . . . , m andj = 1,2,3, . . . ,n then the IF soft setΓA is given by the matrix

[ai j ,bi j ]m×n =











(a11,b11) . . . (a1n,b1n)

(a21,b21) . . . (a2n,b2n)

. . .

(am1,bm1) . . . (amn,bmn)











is called IF soft matrix of the IF soft setΓA over U.

Definition 7. LetΓA ∈ IFS(U) then the cardinal set ofΓA is denoted by cΓA, where cΓA =

{
(

µcλA
(x),υcηA(x)

)

x : x∈ E

}

is an

IF set over E. µcλA
: E → [0,1] andµcλA

(x) = |λA(x)|
|U| , υcηA : E → [0,1] andυcηA(x) =

|ηA(x)|
|U| , where|U | is the cardinality

of the universe U, |λA(x)| and|(ηAx)| are the scalar cardinality of the IF setsλA(x)andηA(x) respectively.

Note that the set of all cardinal sets of the IF soft sets over Uwill be denoted bycIFS(U).

Definition 8. Let ΓA ∈ IFS(U) and cΓA ∈ cIFS(U). Assume that E= {x1,x2,x3, . . . ,xn} and A⊆ E then cΓA can be

represented by the tabular form,

E x1 x2 . . . xn

cΓA
(

µcλA
(x1),υcηA(x1)

) (

µcλA
(x2),υcηA(xn)

)

. . .
(

µcλA
(xn),υcηA(xn)

)

If (a1 j ,b1 j ) = µcΓA(x j) for j = 1,2,3, . . . ,n then cΓA is represented by a matrix given by

[

a1 j ,bi j
]

1×n = [(a11,b11)(a12,b12) . . .(a1n,b1n)]

Which is called the cardinal matrix of the cardinal set cΓA over E.
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Definition 9. Let ΓA ∈ IFS(U) and cΓA ∈ cIFS(U). Then the IF soft aggregation operator denoted by IFSagg is defined

by IFSagg : cIFS(U)× IFS(U)→ IF (U). So IFSagg(cΓA,ΓA) = ΓA
∗
, where

ΓA
∗ =

{µΓ ∗(A)(u)

u
: u∈U

}

=

{

(

µλ ∗
A
(u),υη∗

A(u)
)

u
: u∈U

}

is a IF set over U. ΓA
∗is called aggregate IF set of the IF soft setΓA. Then the membership and non-membership function

of ΓA
∗ is defined as

µλA
∗ : U → [0,1]

µλA
∗(u) =

1
|E| ∑

x∈E

(

µcλA
(x),µλA

(x)
)

(u)

υηA
∗ : U → [0,1] and

υηA
∗(u) =

1
|E| ∑

x∈E
(υcηA(x),υηA(x))(u)

where|E|is called cardinality of E.

Definition 10. Let ΓA ∈ IFS(U)and ΓA
∗ be its aggregate IF set. Assume that U= {u1,u2, .......,um}then ΓA

∗ can be

presented as

ΓA
µΓ ∗

A

u1

u2

...

um

µΓ ∗
A
(u1) =

(

µλ ∗
A
(u1),υη∗

A
(u1)

)

µΓ ∗
A
(u2) =

(

µλ ∗
A
(u2),υη∗

A(u2)
)

...

µΓ ∗
A
(um) =

(

µλ ∗
A
(um),υη∗

A(um)
)

If [ai1,bi1] = µΓ ∗
A
(ui) for I = 1,2,3, . . . ,m thenΓA

∗ is uniquely characterized by the matrix

[ai1,bi1]m×1 =













(a11,b11)

(a21,b21)
...

(am1,bm1)













which is called the aggregate matrix ofΓA
∗ over U.

Theorem 1.Let ΓA ∈ IFS(U) and A⊆ E. If MΓA, McΓA, MΓ ∗
A

are representative matrices ofΓA, cΓAandΓ ∗
A respectively

then|E|×MΓ ∗
A
= MΓA ×MT

cΓA
, where MT

cΓA
is the transpose of McΓA and|E| is the cardinality of E.

Proof. It is sufficient to consider|E|× [(ai1,bi1)] = [(ai j ,bi j )]m×n×
[(

a1 j ,b1 j
)]

1×n.

4 Algorithm

We have an aggregate IF set, now it is necessary to choose the best alternative form of this set. We can make a decision

by the following algorithm.
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(1) Construct an IF soft setΓA overU.

(2) Find the cardinal setcΓA of ΓA i.e.cµλA
andcυηA.

(3) Find the aggregate IF setΓ ∗
A of ΓA.

(4) Find the best alternative form of the set that has the largest membership grade by maxµλ ∗
A
(u) and the smallest non

membership grade by minυη∗
A
(u).

4.1 Case study

Suppose a farm or institution wants to fill a position of faculty. There are eight candidates who form the set of

alternatives U ={u1,u2, u3,u4,u5,u6,u7,u8}. So|U |= 8. The expert committee consider a set parametersE = {x1, x2, x3,

x4, x5 }, |E| = 5. For i = 1,2,3,4,5 the parametersxi stands for “experience”, “computer knowledge”, “young age”,

“good speaking” and “friendly” respectively.

After a discussion and interview each candidate is evaluated from the goals and constraint point of view according to a

chosen subsetA= {x2,x3,x4} of E. Finally the expert committee applies the following steps.

(1) The committee construct an IF soft setΓA overU.

ΓA =

{(

x2,

(

(0.3,0.5)
u2

,

(0.5,0.4)
u3

,

(0.1,0.7)
u4

,

(0.8,0.2)
u5

,

(0.7,0.2)
u7

))

,

(

x3,

(

(0.4,0.6)
u1

,

(0.4,0.5)
u2

,

(0.9,0.1)
u3

,

(0.3,0.6)
u4

))

,

(

x4,

(

(0.2,0.6)
u1

,

(0.5,0.4)
u2

,

(0.1,0.4)
u5

,

(0.7,0.3)
u7

,

(0.1,0.6)
u8

))}

(2) Compute cardinality

cΓA =

{

(0.3,0.25)
x2

,

(0.25,0.225)
x3

,

(0.2,0.2875)
x4

}

(3) The aggregate IF set is obtained by using theorem 1.

MΓ ∗
A
=























































1
5





























0 0 0.4 0.2 0

0 0.3 0.4 0.5 0

0 0.5 0.9 0 0

0 0.1 0.3 0 0

0 0.8 0 0.1 0

0 0 0 0 0

0 0.7 0 0.7 0

0 0 0 0.1 0











































0

0.3

0.25

0.2

0





































































,























































1
5





























0 0 0.6 0.6 0

0 0.5 0.5 0.4 0

0 0.4 0.1 0 0

0 0.7 0.6 0 0

0 0.2 0 0.4 0

1 1 1 1 1

0 0.2 0 0.3 0

0 0 0 0.6 0











































0

0.25

0.225

0.2875

0





































































=

























































0.028

0.058

0.075

0.021

0.052

0.000

0.070

0.041





























,





























0.0615

0.0705

0.0245

0.0620

0.0330

0.9625

0.0272

0.0345

























































So

Γ ∗
A =

{

(0.028,0.0615)
u1

,

(0.058,0.0705)
u2

,

(0.075,0.0245)
u3

,

(0.021,0.062)
u4

,

(0.052,0.033)
u5

,

(0,0.9625)
u6

,

(0.070,0.0272)
u7

,

(0.040,0.0345)
u8

}

(4) The candidate u3 has the largest membership grade i.e. 0.075 and smallest nonmembership grade i.e. 0.0245. Hence

candidate u3 may be selected for the job.

c© 2016 BISKA Bilisim Technology

 ntmsci.com/cmma 


21 A. Mukherjee, S. Sarkar and S. Debnath: Application of intuitionistic Fuzzy soft sets in decision making...

5 Conclusion

In this work we define intuitionistic fuzzy soft aggregationoperator for intuitionistic fuzzy soft set and construct an

algorithm using intuitionistic fuzzy soft aggregation operator for the decision making problem. Finally we apply the

algorithm to solve a group decision making problem. Here we get better result by using intuitionistic fuzzy soft matrix

than fuzzy soft matrix ( as there are largest membership grade and smallest non membership grade)
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