Applied Soft Computing 28 (2015) 109-113

journal homepage: www.elsevier.com/locate/asoc

Contents lists available at ScienceDirect

Applied Soft Computing

Intuitionistic fuzzy parameterized soft set theory and its

decision making

Irfan Deli®*, Naim Cagman”

@ CrossMark

a Department of Mathematics, Faculty of Arts and Sciences, 7 Aralik University, 79000 Kilis, Turkey
b Department of Mathematics, Faculty of Arts and Sciences, Gaziosmanpasa University, 60250 Tokat, Turkey

ARTICLE INFO ABSTRACT

Article history:

Received 21 February 2013

Received in revised form 3 February 2014
Accepted 30 November 2014

Available online 9 December 2014 works.

Keywords:

Soft sets

Fuzzy sets

FP-soft sets
Intuitionistic FP-soft sets
Decision making

In this work, we first define intuitionistic fuzzy parameterized soft sets (intuitionistic FP-soft sets) and
study some of their properties. We then introduce an adjustable approaches to intuitionistic FP-soft sets
based decision making. Finally, we give a numerical example which shows that this method successfully
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1. Introduction

Many fields deal with the uncertain data which may not be suc-
cessfully modeled by the classical mathematics, probability theory,
fuzzy sets [30], rough sets [26], and other mathematical tools. In
1999, Molodtsov [25] proposed a completely new approach so-
called soft set theory that is more universal for modeling vagueness
and uncertainty.

After Molodtsov’s work, Maji et al. [23] introduced several oper-
ations of soft sets in more detail. Ali et al. [4] gave some new
notions such as the restricted intersection, the restricted union, the
restricted difference and the extended intersection of two soft sets
and Sezgin and Atagiin [28] were extended the theoretical aspect
of operations on soft sets. Then, Cagman and Enginoglu [13] rede-
fined the operations of Molodtsov’s soft sets to make them more
functional for improving several new results and gave products of
soft sets and uni-int decision function. Also Cagman and Enginoglu
[11], defined soft matrices and their operations which are more
functional to make theoretical studies in the soft set theory in the
problems that contain uncertainties. Majumdar and Samanta [24]
and Kharal [20] presented some similarity measures for soft set
with applications.
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Application of soft sets in algebraic structures is introduced by
Aktas and Cagman [3]. Later the algebraic structure of soft set the-
ory has been studied increasingly (e.g. [1,6,16]) and also algebraic
structure of fuzzy soft set theory has been studied by Aygiinoglu
and Aygiin [8].

Some researchers have worked many interesting applications
of soft set theory by embedding the ideas of fuzzy sets. Feng et al.
[17], Cagman et al. [12] and Yang et al. [29] on theory of fuzzy soft
sets, Ali [5] on link between soft sets and fuzzy soft sets, Deng and
Wang [27] studied an application of fuzzy soft sets in unknown
data in incomplete fuzzy soft sets, Basu et al. [9] has been given to
get a balanced solution of a fuzzy soft set based decision making
problem. In recent years, many interesting applications of soft set
theory have been expanded by embedding the ideas of rough sets
(e.g.[5,18]) and intuitionistic fuzzy sets (e.g. [2,19,21,22]).

The notion of FP (fuzzy parametrizied)-soft sets is given by
Cagman et al. [10]. Later the applications of FP-soft set theory have
been studied by [14,15]. In this paper, we propose intuitionistic
fuzzy parameterized soft sets for dealing with uncertainties that
is based on both soft sets and intuitionistic fuzzy sets. Therefore,
an approximate function of the intuitionistic fuzzy parameterized
soft sets are set valued function and decision obtained by using
the operations of soft sets and intuitionistic fuzzy sets that make
this sets very convenient and easily applicable in practice. In this
paper is organized as follows. We first define intuitionistic fuzzy
parameterized soft sets (intuitionistic FP-soft sets), and study their
operations and properties. We then introduce a decision making
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method based on intuitionistic FP-soft sets. A numerical example is
provided illustrates the effectiveness of the method which is more
practical.

2. Preliminary

In this section, we give the basic definitions of soft set theory
[25], fuzzy set theory [30], intuitionistic fuzzy set theory [7] and
FP-soft set theory [10] that are useful for subsequent discussions.

Definition 1. [25] Let U be a universe, P(U) be the power set of U
and E be a set of parameters. A soft set S over U is a set defined by
a set valued function S representing a mapping

fs i E— P(U)
that is, it can be written a set of ordered pairs

S={xfs(x)):xeE)

Here, fs is called approximate function of the soft set S and
fs(x) is called x-approximate value of x e E. The subscript S in the
fs indicates that fs is the approximate function of S.

Generally, fs, fr, fv, . . ., will be used as an approximate functions
of S, T, V, ..., respectively.

Note that if fs(x) =, then the element (x, fs(x)) is not appeared
inS.

Example 1. Assume that U= {uq, uy, us, us} is the universe con-
tains four houses under consideration in a real estate agent and
E={xq, X2, X3, X4} is the set of parameters, where x; (i=1, 2, 3,
4) stand for ‘safety”, “cheap”, “technological” and “large garden”,
respectively.

A customer to select a house from the real estate agent can
construct a soft set S that describes the characteristic of houses
according to own requests. Assume that fs(xq)={uy, us, us},

fs(x2)={ua, us}, fs(x3) =9, fs(x4) = U then the soft-set S is written by

S = {(x1, {u1, Uz, us}), (2, {uz, ua}), (x4, U)}

Definition 2. [30] Let E be a universe. Then a fuzzy set X over E is
a function defined as follows:

X = {(ux(x)/x) 1 x € E}

where uy:E— [0, 1].

Here, ux called membership function of X, and the value px(x)
is called the grade of membership of x € E. The value represents the
degree of x belonging to the fuzzy set X.

Definition 3. [7] Let E be a universe. An intuitionistic fuzzy set A
on E can be defined as follows:

A= {(x, ua(X), ya(x)) : x € E}

where, wa:E—[0, 1] and y4:E—|O,
0 <pua(x)+ya(x)<1foranyxeE.

Here, pa(x) and y4(x) is the degree of membership and degree
of non-membership of the element x, respectively.

1] such that

If A and B are two intuitionistic fuzzy sets on E, then

i. AcBif and only if pa(x) < up(x) and ya(x) > yp(x) for Vx e E
ii. A=Bif and only if p4(x)=pup(x) and ya(x)=yp(x) VxcE
iii. A= {(x, ya(x), na(x)): xeE}
iv. AUB={(x, max(pta(x), up(x)), min(ya(x), yp(x)) : X €E},
v. ANB={(x, min(pa(x), up(x)), max(ya(x), yp(x)) : x € E},
Vi, A+B={(x, ux(x) + uy(x) — ux()py(x), yx(x)yy(x)) : x € E},
vii. A-B={(x, ua(x)up(x), ya(x)+yp(x) — va(x)yp(x)) : x € E}.

Definition 4. [10] Let U be an initial universe, P(U) be the power
set of U, E be a set of all parameters and X be a fuzzy set over E. Then
a FP-soft set (fx, E) on the universe U is defined as follows:

(fx, E) = {(nux(x)/x, fx(x)) : x € E}

where wy : E— [0, 1] and fx : E— P(U) such that fx(x) =0 if ux(x)=0.
Here fx called approximate function and uy called membership
function of FP-soft sets.

Example 2. Assume that U= {uy, uy, us, uy, us, ug, Uy, Us, Ug} is
a universal set and E={ay, ay, as, as} is a set of all parameters. If
X={0.7/a1, 0.5/az, 0.6/as, 0, 9/a,} is a fuzzy set over E, then we can
write the following FP-soft set:

(fx, E) = {(0.7/ay, {uy, u3, us, us, u7}), (0.5/ay, {ua, s, u7}),

(0'6/037 {uq, uz, us, Uy, ug})v (0'9/(147 {uq, uy, us, uy, uS})}

3. Intuitionistic FP-soft sets

In this section, we define intuitionistic fuzzy parameterized soft
sets (intuitionistic FP-soft sets) and their operations.

Definition 5. Let U be an initial universe, P(U) be the power set of
U, E be a set of all parameters and K be an intuitionistic fuzzy set
over E. An intuitionistic FP-soft sets Lix over U is defined as follows:

i = {(4x. (). B Sicl) : x € E}

where o : E— [0, 1], Bk : E— [0, 1] and fi : E — P(U) with the prop-
erty fi(x)=0 if ag(x)=0 and Bg(x)=1.

Here, the function ok and S called membership function and
non-membership of intuitionistic FP-soft set, respectively. The
value ag(x) and Bg(x) is the degree of importance and unimportant
of the parameter x.

Obviously, each ordinary FP-soft set can be written as
Ly = {((x, ag(x), 1 —ag(x), fx(x) : x e E}

Note that the sets of all intuitionistic FP-soft sets over U will be
denoted by IFPS(U).

Definition 6. Let Ll € IFPS(U). If ag(x)=0and Bk(x)=1 forall x € E,
then L is called a empty intuitionistic FP-soft sets, denoted by L g,.

Definition 7. Let L e [FPS(U). If ai(x)=1, Br(x)=0 and fi(x)=U
for all x<E, then Ly is called universal intuitionistic FP-soft set,
denoted by L.

Example 3. Assume that U= {uq, uy, us, ug, Us} is a universal set
and E={xq, X2, X3} is a set of parameters. If

K = {{x1,0.2,0.5), (x5, 0.5, 0.5), (x3, 0.6, 0.3)}

and

fe(x1) = {u2, ua), fu(x2) = 9, f(x3) = U

then an intuitionistic FP-soft set Lk is written by

LUk = {({x1, 0.2, 0.5), {uz, ug}), ((x2, 0.5, 0.5), #), ({x3, 0.6, 0.3), U)}

IfL={(x1,0,1), (x2,0,1), (x3,0, 1), (x4,0, 1) }, then the intuitionistic
FP-soft set LI; is an empty intuitionistic FP soft set.

If M={(x1, 1, 0), (x2, 1, 0), (x3, 1, 0), (x4, 1, 0)} and fu(x1)=U,
fm(x2)=Ufu(x3)=Uand fy(x4) = U, then the intuitionistic FP-soft set
Ly is a universal intuitionistic FP-soft set.
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