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Abstract---The soft set theory plays a key role for dealing with
uncertainty, fuzziness and vagueness. The concept of fuzzy soft set
which can be seen as a new mathematical approach to vagueness is
used in many applications including reliability evaluation, multi
criteria decision making and medical diagnosis problems. Later, it is
generalized to an interval-valued intuitionistic fuzzy soft set. In this
attempt we present the definition and operations of an interval-valued
intuitionistic fuzzy soft set. Furthermore, based on the analysis of
several operations on interval-valued intuitionistic fuzzy soft set in the
study, we provide some notions such as the restricted intersection
and restricted union of two interval-valued intuitionistic fuzzy soft
sets for selection of appropriate hospital for patient affected by specific
dieses.

Keywords---soft set, intuitionistic fuzzy soft set, interval-valued
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Introduction

(Zadeh,L. A., 1965) introduced fuzzy set theory, for managing imprecise and
vague information, where vagueness is reflected by the membership degree of the
objects belonging to a concept. After that an intuitionistic fuzzy set (IFS) was
introduced by (Atanassov, K.T., 1986) , which allow to unified simultaneously the
membership degree and the non-membership degree of each element. For dealing
with uncertainty, Molodtsov initiated the concept of soft set theory, which can be
used as an important mathematical tool. Soft set theory is different from many
traditional tools for dealing with uncertainties, such as the theory of fuzzy sets
(Zadeh, L. A., 1965), the theory of intuitionistic fuzzy sets (Atanassov, K.T., 1986)
(Atanassov, K. et al.,1989) and the theory of rough sets (Pawlak, Z., 1991) , is
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that it is free from the inadequacy of the parameterization tools of those theories
(Yang, X. B., et al. 2009). The basic concept and properties of soft set theory are
presented in (Molodtsov, D., 1999). Several operations on soft sets introduced in
(Maji, P. K. et al.2003). (Ali et al.2009) present some new algebraic operations for
soft sets and prove that certain De Morgan's laws hold in soft set theory with
respect to these new definitions. It has been demonstrated that soft set theory
brings about a rich potential for applications in many fields such as decision
making problem in health sector, function smoothness, Reliability theory,
Riemann integration, measurement theory, game theory, etc.( Xu,W. et al. 2010).

(Maji, P. K. et al., 2001 and 2003) have done a theoretical study on the soft set
theory in more detail and contributed towards the fuzzification of the notion of it
and described the application of soft set theory to a decision making problem
using rough sets. Recently (Kong, Z. et al., 2008 and 2009) applied the soft set
theoretic approach in decision making problems. Soft fuzzy set was studied by
(Yao et al., 2008) followed by intuitionistic fuzzy soft set defined by (Xu Yong et
al., 2010). Alkhazaleh et al. 2011, examined the concept of fuzzy parameterized
interval-valued fuzzy soft set and gave its application in decision making.
Alkhazaleh et al., 2011 studied soft multisets as a generalization of Molodtsov’s
soft set and proposed the concept of possibility fuzzy soft set. Maji et al. 2001 and
2004 presented the notion of the intuitionistic fuzzy soft set theory which is based
on a combination of the intuitionistic fuzzy set (Atanassov, K.T. 1986) and soft set
models. Yang et al. 2009, presented the concept of the interval-valued fuzzy soft
sets by combining the interval-valued fuzzy set and soft set models.

The purpose of this paper is to combine the interval-valued intuitionistic fuzzy
sets (Atanassov, K. et al. 1994) and soft sets, from which we can obtain a new soft
set model: interval-valued intuitionistic fuzzy soft set theory which we have used
for appropriate hospital selection problem. Intuitively, interval-valued
intuitionistic fuzzy soft set theory presented in this paper is an interval-valued
fuzzy extension of the intuitionistic fuzzy soft set theory or an intuitionistic fuzzy
extension of the interval-valued fuzzy soft set theory (Alkhazaleh, et al., 2011).
That is, our interval-valued intuitionistic fuzzy soft set theory (Alkhazaleh. S. et
al., 2011) is a combination of the intuitionistic fuzzy soft set theory (Xu,Y. et al.,
2010) and the interval-valued fuzzy soft set theory.

In the present paper we introduced some concepts about an interval-valued
intuitionistic fuzzy soft set for solving appropriate hospital selection problem.
There has been incredible interest in the subject due to its diverse applications,
ranging from engineering and health sector to social behaviour studies. Here we
define an interval-valued intuitionistic fuzzy soft set and its operations of union,
intersection and complement operators. We also provide some notions such as the
restricted union and restricted intersection of two interval-valued intuitionistic
fuzzy soft sets for selection of appropriate hospital.

Preliminaries
Definition 2.1. Let U be an initial set and E be a set of parameters. Let P(U)

denotes the power set of U and A c E then a pair (F, A) is called a soft set over U if
Fis a mapping given by F: A —»P(U).
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Definition 2.2. Let U be an initial set and E be a set of parameters. Let F(U)
denotes the fuzzy power set of Uand A c E then a pair (F, 4) is called a fuzzy soft
set over Uif Fis a mapping given by F: A —-F(U).

Definition 2.3. Consider U and E as a universe set and a set of parameters
respectively. Let IFS(U) denotes the intuitionistic fuzzy power set of U and A c E
then a pair (F, 4) is an intuitionistic fuzzy soft set over U if the mapping F is given
by F: A —IFS(U).

By combining the interval-valued intuitionistic fuzzy sets (Atanassov, K.T., 1986,
1989 and 1994)and soft sets, it is natural to define the interval-valued
intuitionistic fuzzy soft set model. First, let us briefly introduce the concept of the
interval-valued intuitionistic fuzzy sets. Interval-valued intuitionistic fuzzy set
(IVIFS) was first introduced by Atanassov and Gargov, 1994. It is characterized by
an interval-valued membership degree and an interval-valued non-membership
degree.

Definition 2.4. An interval-valued intuitionistic fuzzy set In this section on a
universe is an object of the form A={<X,,UA(X),VA(X)>|X€ X}, where
(X)X = Int([0,1]) and v,(x): X = Int([0,1]), (Int([0,1])) stands for the set of all
closed subintervals of [0,1], satisfy the following conditions:

vxe X, sup,(X)+supv,(x) <1.

The class of all IVIFS on X will be denoted by IVIFS (X).
Interval-valued intuitionistic fuzzy soft set

Definition 3.1. Let U be an initial universe and E be a set of parameters. IVIFS
(U) denotes the set of all interval-valued intuitionistic fuzzy sets of U. Let AcE. A
pair <F,A> is an interval-valued intuitionistic fuzzy soft set over U, where F is a
mapping given by F:A—-IVIFS (U). In other words, an interval-valued

intuitionistic fuzzy soft set is a parameterized family of interval-valued
intuitionistic fuzzy subsets of U, its universe is the set of all interval-valued
intuitionistic fuzzy sets of U, i.e, IVIFS (U). An interval-valued intuitionistic fuzzy
soft set is also a special case of a soft set because it is a still a mapping from
parameters to IVIFS (U). For any parameter ¢ eA F(¢)is referred as the interval
intuitionistic fuzzy value set of parameter ¢, it is actually an interval-valued
intuitionistic fuzzy set of U where xeUand &e€A/it can be written as:

F(g):{<x, ,UF(E)(X)’VF(;-)(X)>}7 here, u.,(X)is the interval-valued fuzzy membership

degree that object x holds on parametere, v, (X) is the interval-valued fuzzy

membership degree that object x does not hold on parameter &. Now we define
some operations on interval-valued intuitionistic fuzzy soft sets
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Definition 3.2. Complement of interval valued intuitionistic fuzzy soft set

LetE={e e,...6,] be a parameter set. The not set of E denoted by
—E = {—|e1,—|ez,...,—|en}Where ﬁei = nOtei
The complement of an interval-valued intuitionistic fuzzy soft set soft <F,A> is

denoted by (F,A) and is defined by (F,A) :<F°,—|A> where F°:—A— IVIFS (U) is a

mapping given by F°(5)= KX,VF(ﬁE)(X),yF(ﬁS)(X»} for all xeU and ¢ e—A.
Definition 3.3. Union of two interval-valued intuitionistic fuzzy soft sets

The union of two interval-valued intuitionistic fuzzy soft sets <F, A> and <G, B> over
a common universe U is an interval-valued intuitionistic fuzzy soft set<H,C>,

where C=AuBand VeeC,

He()(X), ifeeA-B, xeU
My (X) =1t (%), ife€B-A, xeU
[sup(,izp(g)(x),ﬁG(S)(x) )sup(;F(g)(x),;G(g)(x) )] ifeeANB, xeU,
Ve (%), ifee A-B, xeU
Vi) (X) =g (X), if eeB-A, xeU
inf (v, (%), v, (0 Jinf (Ve (). ve0(x) i e € AnB, xeU.

we denoted it by<F, A>U<G, B> =<H,C>.

Definition 3.4. Intersection of two interval-valued intuitionistic fuzzy soft
sets

The intersection of two interval-valued intuitionistic fuzzy soft sets <F,A> and

<G, B>over a common universe U is an interval-valued intuitionistic fuzzy soft set

<H,C>, where C=AuBand VeeC,

He()(X), ife€A-B, xeU
Koy (X) =t (X), IFe€B-A, xeU
inf (gm)(x), () Jin (i, (%), 00, (%) }if € cARB, x U,
Ve (X), ifee A-B, xeU
Vi (X) =g (X), ifeeB-A, xeU
[SUP(ZF(S)(X),ZG(E)(X) ),sup(;p(gy(x),tje(g)(x) ),if ceANB, xeU.
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we denoted it by (F,A)n(G,B)=(H,C).

Selection of appropriate hospital for any patient using some operations in an
interval-valued intuitionistic fuzzy soft set theory

Definition 4.1. Restricted union

Let <F,A> and <G,B> be two interval-valued intuitionistic fuzzy soft sets over a
common universe U such that AnB=#¢. The restricted union of <F,A> and <G, B>
is denoted by (F,A)u,(G,B) and is defined as (F,A)u,(G,B)=(H,C) where
C=ANnB and geC,HR(g):F(g)uG(g),

i 00 = buple, (0,2, ) Jsupliag (9, 2 () )

Vi () = inf (v, (9,70, () Jinf (e (0, veia (x) )}

Example 1

Given two interval-valued intuitionistic fuzzy soft sets <F,A> and <G,B> Here

U={h1 h,,h,,h,,h }1s the set of hospitals, A and B are parameter sets, where

217317475
A= {el, e,,e, } { expensive, availability of medicine, availability of doctors},
B= {e2 65,8, e5}= {availability of medicine, availabilityof doctors, in the green

surroundings, emergency facility}. Here two attributes availability of medicine and
availability of doctors play key role for good treatment of any patient. So here we

evaluate restricted union and restricted intersection for selection of good hospitals
among all given hospitals.

F(e,)= {(n,,[0.35,055],[0.25,0.45),(h,,[0.55,0.6} [0.15,0.4]) (hs,[0.20,0.30},[0.40,0.70),
(h,,[0.30,0.40}0.50,0.60]),(hs, [0.20,0.40},[0.50,0.60])}

F(e,)={(ny,[0.13,0.37],[0.41,0.63)) (h,,[0.15,0.39] [0.39,0.61),(hs, [0.17,0.41} [0.37,0.59),
(ny,[0.19,0.43}[0.35,057)),(ng, [0.21,0.45),[0.33,0.55])|
3)={(,[0.23,0.47],[0.31,0.53)) (h,,[0.25,0.49] [0.29,0.51), (h, [0.27,051}[0.27,0.49)),
(ny,[0.29,0.53}[0.25,0.47)),(ng, [0.31,0.55,[0.23,0.45])|

Gle,)= {(h,[0.23,047),[0.31,0.53)),(h,,[0.25,0.49),[0.39,0.51)), (hs,[0.27,0.50} 0.27,0.50]),
(ny,[0.29,0.53}[0.25,0.47)), (h,[0.31,0.45}[0.23,0.55))}

Gles)= {(h,,[0.20,0.44],[0.34,0.56), (1, 0.22,0.46] [0.43,0.54)), (s, [0.24,0.47] [0.30,0.53])
(h,,[0.36,0.60] [0.18,0.40]), (ns, [0.28,0.42} [0.26,0.58) |



8442

Gle,)= {(hy,[0-30,0.54],[0.34,0.46]), (1, [0.32,0.56}[0.33,0.44]), (n;,[0.34,057] [0.20,0.43))
(h,.[0.26,0.50},[0.28,0.50]), (1, [0.38,0.52}[0.16,0.48) }

G(es) = {(hy,[0.27,0.51),[0.37,0.49))(n,,[0.29,0.53] [0.36,0.47)), (ns,[0.31,0.54][0.23, 0.46)),
(hy,[0.33,0.57}0.22,0.43)),(hs, [0.35,0.49} [0.19,0.51)}

Thus, we can view an interval-valued intuitionistic fuzzy soft set as a collection of
fuzzy approximations. So restricted union

(H.C) =(F. A)wr (G.B)

(H,C), = {availability of medicine = (1, [0.23,0.47],[0.31,053]),(n,, [0.25,0.49] [0.39,0.51])

(hs, [0 27,050}[0.27,0.50)),(h,, 0.29,0.53}[0.25,0.47), (h, [0.31,0.45},[0.23,0.55)}
<

(h,,[0.25,0.49] [0.29,0.51]), (h;, [0.27,0.51} [0.27,0.49)), (h,, [0.29,0.53] [0.25,0.47]),
,[0.31,0.55[0.23,0.45)) |

It is clear that hospital hs has superior value of membership function. So hospital
hs is good for treatment among all given hospitals.

Definition 4.2. Restricted intersection

Let <F,A> and <G,B> be two interval-valued intuitionistic fuzzy soft sets over a
common universe U such that AnB=#¢. The restricted intersection of <F,A> and
<G, B> is denoted by <F,A> Mg <G,B> and is defined as <F,A> Mg <G,B>=<H,C>R where
C=AnB and £eC,H,(¢)=F(s)nGl(e).

)= (001 00 Jinf (e 09,2, 09 ).

Vi 00 = 5Bl (076, () Jstpr (9, v () )

Example 2

Consider(F, A> and <G, B> be two interval-valued intuitionistic fuzzy soft set over a

common universe U as defined in example 1.

(H.C), =(F.A)nz (G,B)

(H,C), = {availabilityof medicine = {(h;,[0.13,0.37],[0.41,0.63]),(n,,[0.15,0.39] [0.39,0.61])
(h,[0.17,0.41}0.37,059)),(h, ,[0.19,0.43}[0.35,0.57)) (hg, [0.21,0.45}[0.33,0.55)}
availability of doctors={(h,[0.20,0.44],(0.34,0.56)(n,,[0.22,0.46}[0.43,0.54])

It is clear from our result that hospital hs has superior value of membersip
function. So hospital hs is good for treatment among all given hospitals.



8443
Conclusion

In this paper we introduced new concepts of an interval-valued intuitionistic fuzzy
soft set. There has been incredible interest in the subject due to its diverse
applications, ranging from health sector to social behaviour studies. In this study
we defined an interval-valued intuitionistic fuzzy soft set and its operations of
union, intersection and complement. We have given some notions such as the
restricted intersection and the restricted wunion of two interval-valued
intuitionistic fuzzy soft sets for selection of appropriate hospital for any patient
affected by specific disease which play key role in the health sector.
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