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Abstract: Fuzzy set theory, rough set theory and soft set theory are all mathematical tools dealing with uncertainties. The concept of
type-2 fuzzy sets was introduced by Zadeh in 1975 which was extended to interval valued intuitionistic fuzzy sets of type-2 by the
authors.This paper is devoted to the discussions of the combinations of interval valued intuitionistic sets of type-2, soft sets and rough
sets.Three different types of new hybrid models, namely-interval valued intuitionistic fuzzy soft sets of type-2, soft rough interval valued
intuitionistic fuzzy sets of type-2 and soft interval valued intuitionistic fuzzy rough sets of type-2 are proposed and their properties are
derived.

Keywords: Soft set, rough set, soft rough set, soft rough fuzzy set, soft fuzzy rough set, interval valued intuitionistic fuzzy set of type-
2.interval valued intuitionistic fuzzy soft set of type-2, soft roughinterval valued intuitionistic fuzzy set of type-2,soft interval valued
intuitionistic fuzzy rough set of type-2.

1 Introduction

The soft set theory, initiated by Molodtsov in 1999, is a completely generic mathematical tool for modeling vague
concepts.In soft set theory there is no limited condition to the description of objects; so researchers can choose the form
of parameters they need, which greatly simplifies the decision making process and make the process more efficient in the
absence of partial information.Although many mathematical tools are available for modeling uncertainties such as
probability theory, fuzzy set theory, rough set theory, interval valued mathematics etc,but there are inherent difficulties
associated with each of these techniques. Moreover all these techniques lack in the parameterization of the tools and
hence they could not be applied successfully in tackling problems especially in areas like economic, environmental and
social problems domains. Soft set theory is standing in a unique way in the sense that it is free from the above difficulties

and it has a unique scope for many applications in a multi-dimentional way.

Soft set theory has a rich potential for application in many directions, some of which are reported by Molodtsov [18] in
his work. He successfully applied soft set theory in areas such as the smoothness of functions, game theory, operations
research, Riemann integration and so on. Later on Maji et al. [14] presented some new definitions on soft sets such as
subset, union, intersection and complements of soft sets and discussed in detail the application of soft set in decision
making problem. Based on the analysis of several operations on soft sets introduced in [14], Ali et al. [2] presented some

new algebraic operations for soft sets and proved that certain De Morgan’s law holds in soft set theory with respect to

* Corresponding author e-mail: ajoykantidas@gmail.com

(© 2015 BISKA Bilisim Technology



(_/
200 BI s K A A. Mukherjee, A. Saha and A. Das: Soft sets combined with interval valued intuitionistic...

these new definitions. Chen [5]presented a new definition of soft set parameterization reduction and compared this
definition with the related concept of knowledge reduction in the rough set theory. Kong et al. [13] introduced the
definition of normal parameter reduction into soft sets and then presented a heuristic algorithm to compute normal
parameter reduction of soft sets. By amalgamating the soft sets and algebra, Aktas and Cagman [1] introduced the basic
properties of soft sets, compared soft sets to the related concepts of fuzzy sets [27] and rough sets[20], pointed out that
every fuzzy set and every rough set may be considered as a soft set. Jun[12] applied soft sets to the theory of
BCK/BClI-algebra and introduced the concept of soft BCK/BCI-algebras. Feng et al.[7]defined soft semi rings and
several related notions to establish a connection between the soft sets and semi rings. Sun et al.[22] presented the
definition of soft modules and constructed some basic properties using modules and Molodtsov’s definition of soft
sets.Maji et al. [15]presented the concept of the fuzzy soft set which is based on a combination of the fuzzy set and soft
set models.Roy and Maji[21] presented a fuzzy soft set theoretic approach towards a decision making problem. Yang et
al.[25]defined the operations on fuzzy soft sets, which are based on three fuzzy logic operations: negation, triangular
norm and triangular co-norm. Xiao et al.[23] proposed a combined forecasting approach based on fuzzy soft set theory.
Yang et al.[24] introduced the concept of interval valued fuzzy soft set and a decision making problem was analyzed by
the interval valued fuzzy soft set. Feng et al.[8] presented an adjustable approach to fuzzy soft set based decision making
and give some illustrative examples.The notion of intuitionistic fuzzy set was initiated by Atanassov[3] as a
generalization of fuzzy set. Combining soft sets with intuitionistic fuzzy sets, Maji et al. [16] introduced intuitionistic
fuzzy soft sets, which are rich potentials for solving decision making problems.The notion of the interval-valued
intuitionistic fuzzy set was introduced by Atanassov and Gargov[4]. It is characterized by an interval-valued
membership degree and an interval-valued non-membership degree.In 2010, Jiang et al. [11] introduced theconcept of
interval valued intuitionistic fuzzysoft sets.

The rough set theory proposed by Pawlak[20] provides a systematic method for dealing with vague concepts caused by
isdiscernability in situation with incomplete information or a lack of knowledge/data. In general a fuzzy set may be
viewed as a class with unsharp boundaries, but a rough set is a coarsely described crisp set[26]. Based on the equivalence
relation on the universe of discourse, Dubois andPrade[6] introduced the lower and upper approximation of fuzzy sets in
a Pawlak’s approximation space [20] and obtained a new notion called rough fuzzy sets which are natural extensions of
rough sets. They also introduced the concept of fuzzy rough sets [6]. Feng el al. [9] provided a framework to combine
rough sets and soft sets all together, which gives rise to several interesting new concepts such as soft rough sets and
rough soft sets. A rough soft set is the approximation of a soft set in a Pawlak approximation space, where as a soft rough
set is based on softrough approximationsin a soft approximation space.Feng[10] presented a soft rough set based
multi-criteria group decision making scheme.Motivated by Dubois andPrade’s original idea about rough fuzzy set,Feng
et al. [9] introduced lower and upper soft rough approximations of fuzzy sets in a soft approximation space and obtained
a new hybrid model called soft rough fuzzy set. By employing a fuzzy soft set to granulate the universe of discourse,

Meng et al. [17] introduced a more general model called soft fuzzy rough set.

The concept of type-2 fuzzy sets was introduced by Zadeh [28] as an extension of the concept of an ordinary fuzzy sets
(called type-1 fuzzy sets). Such sets are fuzzy sets whose membership grades themselves are type-1 fuzzy sets. These
sets are very useful in circumstances where it is difficult to determine an exact membership function for a fuzzy set.
Sahaand Mukherjee [19] introduced the concept of interval valued intuitionistic fuzzy set of type-2 as an extension of
fuzzy sets of type-2. The aim of this paper is to provide a framework to combine interval valued intuitionistic fuzzy sets
of type-2, rough sets and soft sets all togetherwhich gives rise to several interesting new concepts such as interval valued
intuitionistic fuzzy soft sets of type-2, soft rough interval valued intuitionistic fuzzy sets of type-2 and softinterval valued

intuitionistic fuzzyroughsets of type-2.
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2 Fuzzy sets and their generalizations
This section presents a review of some fundamental notions of fuzzy sets and their generalizations.

The theory of fuzzy sets provides an appropriate framework for representing and processing vague concepts by allowing
partial memberships.

Definition 2.1: [27] Let X be a non empty set. Then a fuzzy set A on X is a set having the form

A={(r.pa(x)) : x € X}

where the function p4: X— [0, 1] is called the membership function and p4(x) represents the degree ofmembership of

each element x € X.

Definition 2.2: [3] Let X be a non empty set. Then an intuitionistic fuzzy set (IF'S for short) A is a set having the form

A= {()C,[JA(X),'}/A(X)) cX GX}

where the functions p4: X— [0,1] and y4: X— [0,1] represents the degree of membership and the degree of
non-membership respectively of each element x € X and 0< pg(x)+ya(x)< 1 for each x € X.

Definition 2.3: [4] An interval valued intuitionistic fuzzy set A over an universe set U is defined as the object of the form

A={<x,us(x),74(x) >:x €U},

where py: U— Int ([0, 1]) and 79:U— Int ([0, 1]) are functions such that the condition:
Vx € U,0 < suppia(x) + supys(x) < 1 is satisfied (where Int[0,1]is the set of all closed sub-intervals of [0,1]).

We denote the class of all interval valued intuitionistic fuzzy sets on U by IVIFSY.

Let A,B € IVIFSY. Then

o the union of A and B is denoted by A UB where AU B = {(x, [max(infua(x),inf up(x)),max(supps(x),supug(x))],

[min(infya(x),infys(x)), min(supya(x), supys(x))]) : x € U}.
o the intersection of A and B is denoted by ANB

where AN B = {(x, [min(infus(x),infup(x)), min(suppa(x),supup(x))],
[max(infyx (x),infyp(x)), max(supys (x),supys(x))]) :x € U}.

Atanassov and Gargovshows in [4] that AU B and A N B are again IVIFSs.

Definition 2.4: [28] A fuzzyset of type-2 is defined as a fuzzy set whose membership degree is a fuzzy set of type-1.

Thus, a fuzzy set of type-2 , A on an universe U is an object of the form

A={(xmx)):xeU}
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where
pa(x) = { (i, i (x)) = u; € [0, 1]}

forx € U, where ,; : U — [0, 1] is a function.

3 Soft sets and their generalizations

In this section we recall some basic notions releavant to soft sets and their generalizations.

Definition 3.1: [18] Let U be an universe set and E be a set of parameters. Let P(U) denotes the power set of U and

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

In other words, a soft set over U is a parameterized family of subsets of U. For e € A, F(e) may be considered as the set

of e-approximate elements of the soft set (F,A).

Definition 3.2: [15] Let U be an universe set and E be a set of parameters. Let IY be the set of all fuzzy subsets of U and

A C E. Then the pair (F,A) is called a fuzzy soft set over U, where F is a mapping given by F : A — Y.

For e € A,F(e) is a fuzzy subset of U and is called the fuzzy value set of the parameter e. Let us denote () (x) by the

membership degree that object x holds parameter e, wheree € A and x € U. Then F(e) can be written as a fuzzy set such
that F(e) = {(x, (o) (x)) 1 x €U}

Definition 3.3: [16] Let U be an universe set and E be a set of parameters. Let IFU be the set of all intuitionistic fuzzy

subsets of U and A C E. Then the pair (F, A) is called an intuitionisticfuzzy soft set over U, where F is a mapping given
by F:A—IFY.

For e € A, F (e) is an intuitionistic fuzzy subset of U and is called the intuitionistic fuzzy value set of the parameter e. Let
us denote Up ) (x) by the membership degree that object x holds parameter e and Yr(e) (x) by the membership degree that
object x doesn’t hold parameter e, where e € A and x € U. Then F(e) can be written as an intuitionistic fuzzy set such
that

F(e> = {(xhuF(e) (x)va(e)(x)) X e U}

Definition 3.4: [11] Let U be an universe set and E be a set of parameters. Let I[VIFSY be the set of all interval valued

intuitionistic fuzzy sets on U and A C E. Then the pair (F,A) is called an interval valued intuitionisticfuzzy soft
set(IVIFSS for short) over U, where F is a mapping given by F : A — IVIFSY.

For e € A, F(e) can be written as an interval valued intuitionistic fuzzy set such that

F(e) = {(xvl'LF(e)x)ﬂ yF(e) (x)) X € U}

where [ip () (x) is the interval valued fuzzy membership degree that object x holds parameter e and ¥ () (x) is the interval

valued fuzzy membership degree that object x doesn’t hold parameter e.
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4 Rough set, soft rough set, rough soft set and their generalizations
This section represents a review of the notions of rough sets, soft rough sets, rough soft sets and their generalizations.

The rough set theory provides a systematic method for dealing with vague concepts caused by isdiscernability in

situation with incomplete information or a lack of knowledge.

Definition 4.1: [20] Let R be an equivalence relation on the universal set U.Then the pair (U,R) is called a Pawlak

approximation space. An equivalence class of R containing x will be denoted by [x]g. Now for X C U, the lower and
upper approximation of X with respect to (U, R) are denoted by respectively R, X and R x X and are defined by

RX={xeU:[x]g CX},

RxX ={xeU:[x]gNX # ¢}.

Now if R,X = Rx X, then X is called definable in (U, R); otherwise X is called a rough set.

Feng et al. [9] provided a framework to combine rough sets and soft sets all together, which gives rise to several

interesting new concepts such as soft rough sets and rough soft sets.

Definition 4.2: [9] Let ® = (f,A) be a soft set over U. The pair S = (U, ®) is called a soft approximation space. Based

on S, the operatorsapr and aprg are defined as:
apr(X)={uecU:JacA(uc f(a) CX)},

aprs(X)={ucU:JacA(uc f(a),f(a)NX # @)} forevery X CU.

The two sets @S(X )& aprg(X) are called the lower and upper soft rough approximations of X in S respectively. If

apr (X) = aprg(X), then X is said to be soft definable; otherwise X is called a soft rough set.

Definition 4.3: [9] Let (U, R) be a Pawlak approximation space and ® = (f,A) be a soft set over U. Then the lower and
upper rough approximations of ® € (U, R) are denoted by R.(®) = (F;,A) and R*(®) = (F*,A), respectively, which are
soft sets over U defined by:

F.(x)=(F(x)) ={yeU:[ylr S F(x)}

and
F*(x) =R(F(x))={y€eU:[y]rNF(x)# ¢} forallx € U.

The operators R, and R* are called the lower and upper rough approximation operators on soft sets. If R,(®) = R*(0),

the soft set ® is said to be definable;otherwise @ is called a roughsoft set.

Motivated by Dubois andPrade’s original idea about rough fuzzy set,Feng et al. [9] introduced lower and upper soft
rough approximations of fuzzy sets in a soft approximation space and obtained a new hybrid model called soft rough

fuzzy set.

Definition 4.4: [9] Let ® = (f,A) be a full soft set over U i.e; Uyeaf(a) = U and the pair § = (U,®) be the soft

approximation space. Then for a fuzzy set A € IV, the lower and upper soft rough approximations of A with respect to S
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are denoted by sap (1) and 5aps(2) respectively, which are fuzzy sets in U given by:
sap(A) = {(x,sap((A)(x)) : x € U},

saps(R) = { (x.5aps(A) (x)) : x € U},

where
sap(A)(x) = Mua (y) : Ja € A({x,y} C f(a))}

and
saps(A)(x) = V{ua () : Ja € A({x,y} C f(a))} forevery x € U.

The operatorssap, and sapg are called the lower and upper soft rough approximation operators on fuzzy sets. If

sapy(A) = 5aps(A),

then A is said to be fuzzy soft definable; otherwise A is called a soft rough fuzzy set.

Meng et al. [17] introduced the lower and upper soft fuzzy rough approximations of a fuzzy set by granulating the

universe of discourse with the help of a fuzzy soft set and obtained a new model called soft fuzzy rough set.

Definition 4.5: [17] Let ® = (f,A) be a fuzzy soft set over U. Then the pair SF = (U,®) is called a soft fuzzy

approximation space. Then for a fuzzy set A € IV, the lower and upper soft fuzzy rough approximations of A with

respect to SF are denoted by Apry (1) and Aprgp (A ) respectively, which are fuzzy sets in U given by:

Apr, (1) = {(x. Aprgg (1) () 1x € U},

Aprsp(A) ={(x,Aprep(A)(x)) : x e U}
where

Aprg(A)(x) = Naea((1 = f(a) (X)) V (Ayer (T = f(@)(v) VA (1))

and

Aprsp(A)(x) = Vaea(f(@) () A (Vyeu (f(a)(v) A (7)) for every x € U and ()
is the degree of membership of y € U.

Apr . (A)=Aprgp(A) , then A is said to be soft fuzzy definable; otherwise A is called a soft fuzzy rough set.

5 Interval valued intuitionistic fuzzy sets of type-2

The concept of interval valued intuitionistic fuzzy sets of type-2 was introduced by Saha and Mukherjee[19],as an

extension of the concept of fuzzy sets of type-2.

Definition 5.1: [9] An intervalvalued intuitionistic fuzzy set of type-2 is defined as an interval valued intuitionistic fuzzy

set whose interval valued fuzzy membership degree as well as interval valued fuzzy non-membership degree are both
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interval valued intuitionistic fuzzy set of type-1. Thus, an interval valued intuitionistic fuzzy set of type-2 A on an
universe U is an object of the form
A={<x,ua(x),1a(x) >:x €U}

where
pa(x) = {< ui(x), Wi (x), Vi (x) >0 =1,2,...,n} and ya(x) = {<v;(x), Wy (x), %j(x) >: j=1,2,...,m} forx e U,

where  u;(x),v;(x) € Int([0,1]) and  fui, Y. Mvjs%; @ U — Int([0,1]) are functions such that
x € U,0 < suppi(x) + sup¥ui(x) < 1&0 < supp, j(x) +supy,;j(x) < 1 for each i and j.

The set of all interval valued intuitionistic fuzzy sets of type-2 on U is denoted by IVIFS,(U).

Definition 5.2: An interval-valued intuitionistic fuzzy null set of type-2 over an universe U is denoted by &= and is

defined by @+ = {< x, {< u;(x), [0,0], [1,1] >:i=1,2,...,n}, {<v;(x),[0,0],[1,1] >: j=1,2,...,m} : x € U}, where
for x € U, u;(x) = [0,0] and v;(x) = [0,0] for each i and j.

Definition 5.3: An interval-valued intuitionistic fuzzy universal set of type-2 over an universe U is denoted by U and is

defined by Ux = {< x,{< u;(x),[1,1],[0,0] >:i=1,2,...,n}, {<v;(x),[1,1],[0,0] >: j=1,2,...,m} >:x € U}, where

for x € U,u;(x) = [1, 1]andv;(x) = [1,1] for each i and j.

Definition 5.4: Let I','¥ € IVIFS,(U) be defined by

I'={<x,ur(x),yr(x) >:x€U} and ¥ = {< x, uy(x), yp(x) >: x € U}, where forx € U,
ur(x) = {< ui(x), lui (x), Yui(x) >:i=1,2,...,n},

yr(x) ={<v;(x), tvj(x), Yoj(x) > j=1,2,....,m},

o (x) = {< wi(x), i (%), Ywi(x) >1i=1,2,...,n},

Yo (x) = {<15(0), e (x), 72 (x) >0 j=1,2,.....m}.

Then I is called a restricted subset of ¥, denoted by I' C, W, if for all x € U, infu;(x) < infw;(x), supu;(x) < supw;(x),
infvj(x) < inftj(x), supvj(x) < suptj(x)infiui(x) < inflyi(x), suppui(x) < supfyi(x), infvui(x) = infywi(x),
SUPYui(x) > supYui(x), inf py;(x) < infl;j(x), suppy;(x) < supllyj(x), infyj(x) > infv,j(x), supyvj(x) > sup¥z(x).

Definition 5.5: Let I', ¥ € IVIF S, (U) be defined by
I'={<x,ur(x),yr(x) >:x€U} and ¥ = {< x, by (x), yp(x) >:x € U}, where forx € U,
Hr(x) = {< ui(x)a.uui(x)a’}/ui(x) >ii= 1727-“7”}7
')/F()C) - {< Vj(x)v.uv./'(x)v’yvli(x) > .] = 172a ""7m}a
Hg (x) = {<wi(x), i (x), Vi (¥) >: 8= 1,2,...,n},

Yo (x) = {<1(x), e (%), 1 (x) > j = 1,2,....,m}.

Then
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e Their restricted union is denoted by I' U ¥ and is defined by I' U, W = {< x,{< u;(x) Uw;(x), tui(x) U fyi(x),

YVui (X) OV Vi (x) >:0= 1,2, n}, {< v (0) Ut (x), () U (%), 70 (X) O ¥i(x) >:j = 1,2,....,m} >:x € U}
o Their restricted intersection is denoted by I' N2 and is defined by I' N2 = {< x, { < u; () Nwi (), Wy () O i (x),

Yui(X) U Ywi(x) >1i=1,2,..,n}, {<vj(x) Nt (x), i (x) Ve (x), Yoj(x) U%si(x) >0 j=1,2,....m} >:x € U}.
Clearly for I',W € IVIF S, (U), we have ' U, I’ N, € IVIF S, (U).

Theorem 5.6: Let I', ¥, Q € IVIFS(U). Then

1.I'Uy@x=DxUpl =1T.
2.I'NyDx =D x Mol = Dx*.
3.TTUUx=UxUrl =U *.

4. I'NUx=UxMl =1T.
5.'ULY =V U,I.

6.I'NY=¥nN,I.
T.TN2(PNaR) = (PNal)N,Q.

8. I'Ur(PULQ) =P Uy(I'Uu,Q).

9. N2 (PULQ2) = (YNl Ua(I'N2Q).
10. TU2(PN2aR) = (YU Na(ITNU29).

Proof:-Straight forward.

6 Interval valued intuitionistic fuzzy soft sets of type-2

In this section we present the theory of interval valued intuitionistic fuzzy sets of type-2. We also discuss some

operations and properties of the interval valued intuitionistic fuzzy sets of type-2.

Definition 6.1: Let U be an universe set and E be a set of parameters. Let I[VIFS;(U) be the set of all interval valued

intuitionistic fuzzy sets of type-2 over U and A C E. Then the pair (f,A) is called an interval valuedintuitionisticfuzzy
soft set of type-2 over U, where f is a mapping given by f : A — IVIFS;(U).

Definition 6.2: Let U be an universe set and E be a set of parameters. Let IVIFS,(U) be the set of all interval valued

intuitionistic fuzzy sets of type-2 over U and A C E. Then the pair (f,A) is called an interval valuedintuitionisticfuzzy
empty soft set of type-2 over U, denoted by @y, r; where f: A — IVIFS,(U) is defined by f(a) = @ for each a € A.

Definition 6.3: Let U be an universe set and E be a set of parameters. Let IVIFS,(U) be the set of all interval valued

intuitionistic fuzzy sets of type-2 over U and A C E. Then the pair (f,A) is called an interval valuedintuitionisticfuzzy
universal soft set of type-2 over U, denoted by Uy,s; where f: A — IVIFS,(U) is defined by f(a) = Ux for each a € A.

Definition 6.4: Let U be an initial universe and E be a set of parameters. Let (f,A), (g,B) be two interval

valuedintuitionisticfuzzy —soft sets of type-2 over U, where f : A — IVIFS;(U) is defined by
fla) = {< x,1p0) (%), V) (x) > x € U}, where Wy)(x) = {< ui(@)(x), Lyi(a) (%), Vui(a)(x) >0 = 1,2,....,n},
Yia)(X) = {< vi(@)(x), Lyjia) (%) Vojay(x) > j = 1,2,....,m} for x € U and g : B — IVIFS;(U) is defined by
8(b) = {< x, ) (%), Yo (x) >: x € U} where [, )( x) = {< wi(0) (%), hin) (X), Ywigp)(x) >0 = 1,2,.....n},
Vo) (X) = {< 1;(b) (x ),u,j< y(X), Vijpy (%) >1 j=1,2,....,m} forx € U. Then,
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1. Their union, denoted by (f,A)U %(g,B)(= (h,C),say), is an interval valued intuitionistic fuzzy soft set of type-2
over U, where C=AUB and for ¢ € C,h: C — IVIFS,(U) is defined by

h(c) = {< X, tpe) (x), V() (x) > x €U}, where
Hae)(xX) = Uys(e)(x), if c€A-B
= .ug(c)(x)v if ceB—-A

= {< ui(e) (x) Uwi(c) (%), Buite) (¥) U i) (%), Vai(e) (%) N Vi) (8) >1i=1,2,...,n} if c€ANB

and

Yi(e)(x)) = V() (%), if c€EA-B
= Yg(e uxlfceB—A
={<vj(c)(x)Utj(c) (X)“llvj(c) (x)U Kijie) (x), Yoile) (x)N YVeie) (x)>:j=1,2,.....m} if c€ANB.

2. Their intersection, denoted by (f,A) N %(g,B)(= (h,C),say), is an interval valued intuitionistic fuzzy soft set of
type-2 over U, where C = AUB and for c € C,h: C — IVIFS,(U) is defined by

h(c) = {< x, p(ey(X), Yn(ey(x) >: x €U}, where
Bo(e)(X) = Ppe)(x), if cEA-B
= lg(e)(x), if cEB—A
= {<ui(c)(x) Nwie) (%), Kui(e) (%) N Hvi(e) (X) Vaie) () U Vui(e) (¥) >1i=1,2,....,n} if c€ ANB

and

Yae) (X)) = V(o) (%), if cEA-B
—}/g (x), if ceB—A
— (< v5(€) () V6) (5) ) (0) VA ) () oo () Uy () 5 = 1,2,..om} if ¢ € ANB.

);
)

Theorem 6.5: Let U be an universe set and (f,A), (g,B), (h,C) be three interval valuedintuitionisticfuzzysoft sets of type-2
over U. Then

A)U%(f,A) = (f,A).
N%(f,A) = (fA).
U% Dy = (f,A) = Pyop U%(f,A), if the set of parameters for Py, is A.
ND% D11 = Pyofi = Pyosi N%(f,A), if the set of parameters for Py, is A.
VA)UDUsopr = Usopr = Usor U %(f,A), if the set of parameters for Usorr is A.

f,A)
A)
A)
A)
A)N%Usopr = (f,A) = Usors N%(f,A), if the set of parameters for Uy, f; is A.
A)
A)
A)
A)
A)

/s
/s

U%(g,B) = (8,B)U%(f,A).

N%(g,B) = (8,B)N%(f.A).
N%((g,B)N%(h,C)) = ((f,A) N %(g,B)) N %(h,C).
((8:B)U%(h,C)) = ((f,A)U%(g,B))U%(h,C)
B) AN% ) U %(

i

)

f
f
f
/s
f
f

1 U%((g,

i

L (f;
2.(
3.(
4. (
5.(
6. (
7.
8.(
9.(
0(

L (

/s ﬂ%(( U%(h’c)):(( /s (ng) (f,A)ﬂ%(/’l,C)).
12. (12)(f,A) U %((8,B) N % (h,C)) = ((f,A)U%(g,B)) N%((f,A)U%(h,C)).
(v)

Proof:(1)-(8) are straight forward.(9) Let f : A — IVIF S>(U) be defined by

(© 2015 BISKA Bilisim Technology



208 BI s K A A. Mukherjee, A. Saha and A. Das: Soft sets combined with interval valued intuitionistic...

fla) ={< X, Upa)(x), Vi) (x) >:x €U}, where fora € A,
“f(a)(x) = {<yl'(a)(x) “yz (a) (x) y)l (a) ( ) >:yi(a)(x) EInt([O,l]),i: 1,2,....771},
Vi) (0) = {<2j(@) (%), tzjia) (%), Vejia) (¥) > 25(a) (x) € Ine([0,1]),j = 1,2,.....m} forx €U,

Let g: B— IVIFS,(U) be defined by

8(b) = {< X, ly(p) (x), Yoy (x) >: x € U}, where for b € B,
M) (¥) = {< ui(b) (x); ui(p) (%), Vuip) (%) >: ui(b) (x) € Int([0,1]),i =1,2,....,n},
Ye(p) (X) = {< vi(D)(x), i) (%), Vojw) (x) >:v;(b)(x) € Int([0,1]),j=1,2,....,m} forxe U,

\_/\_/

Let h: C — IVIFS,(U) be defined by

h(c) = {<x, fp(e)(X); Ya(e)(x) >:x €U}, where forc € C,
Hp(c) (x) = {< Wi(c)(x)nuwi C)(x)77wi C)('x) > w,-(c)(x) € Int([07 1])7i: 1,2,... '7n}7
}/h(c)(x) = {< tj(C)()C) Hsje) ( ) /}/I] ( ) > tj(c)<x) elnt([O, 1])7] = 1127"“7’"} forxeU.

Let (g,B)N%(h,C) = (s,D) and D = BUC. Then for d € D, we have,

Hy(a) () (x) ifd e B—C,
= Un(a)(x),ifd € C—B,
:{< ui( )( )mwi(d)(x)nuui( )( )m“Wl ( ) Yui(d) ( )UYWi(d)('x) >:i:1a27“~~7n}ifd€BmC‘

and

Ysa) (X)) = Ye(a)(x), ifd € B—C,
= Yn(a)(x),ifd € C—B,
={<vj(d)(x) N1;(d) (x), oy jia) (X) O K ja) (), Vojia) (¥) U Ysjay(x) > j=1,2,....,m} ifd € BOC.

Now (f,A)N%((g,B)N%(h,C)) = (f,A)N%(s,D) = (e, P), say, where P = AU D. Then for p € P we have,

He(p) (X) = Hg(p)(x),if p € B—C—A,

= Wp(p)(x),ifp € C—B—A,

=W (x),lfpeA B—-C,

= {<ui(p)(x) Vwi(P) (%), Hui(p) (%) N ovi(p) (X), Vai(p) (%) U V() (¥) >1i=1,2,....,n}if p € (BNC) —

(P) () Nyi(P) (X); Bai(p) (%) N Byi(p) (X), Vaai(p) (X) U Vyigpy (%) >:i=1,2,....n}if p € (ANB) = C,

= {<yi(p) (x) Mwi(p) (x); Hyi(p) (X) O Bowi(p) (X), Vyi(p) () U Vi) (¥) >1i=1,2,....n}if p € (ANC) = B,
= {<i(p)(x) N (p) (x) Nwi () (), yi(p) (X) N i) (X) O K (), Vyi(p) () U Vi) (%) U Vi () >
i=1,2,...,n}ifpe ANBNC.

={<u

)
)
)
)
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and

Ye(p)(X) = Ye(p)(¥), if p € B—C—A,
= Yn(p)(x), if p€ C—B—A,
=Y¢(p)(x), if p€A-B-C,

= (<)) N1 () (0), ) (3) 1 B ) (). Do) () U () > = 1.2,.om} i p € (BAC) —
= (< (D)) N2 (P) () ) (6) O ) (3). o) () U o) (3) >2 5 = 1.2} i p € (ANVB) —C,
= {< (D)@ V()W) Hajip) () P ) (9. V) () Uy () >2 = 1.2,...om} i p € (ANC) — B,
= (< 2PV N1 () () N1 () ()2 () 1 ) () PV L) (3). e () U o) () Ui () >

j=12,....m}ifpe ANBNC.
Let (f,A)N%(g,B) = (I,0) and Q = AUB. Then for ¢ € Q, we have,

Ri(g)(x) = My (x), ifg EA—B,
(q)(x), ifge B—A,

= {<yi(q)(x) Nui(q) () Kui(q) (X) N Kaii(q) (X5 Vyi(q) (X) U Vui(q) () >:i=1,2,....,n}if g €ANB,

and

Vi) (%)) = Yf(q)(x), if g €A—B,
—yg y(x), if g€ B—A,

= {< 2@ ) W) Hajtq) () D 1) (0. e () U (8) >3 5 = 1,2} if g € AB.
Now ((f,A)N%(g,B))N%(h,C) = (1,Q0)N%(h,C) = (k,R), say, where R = QUC. Then for r € R we have,

Pi(r) (X) = Pg(r) (%), if r€ B—C —A,

= p(r(x), ifre C—=B—A,

=g (x), ifre A-B—C,
x) Wi (r) () M) () O i) (%) Vui(r) () U Yaniry (6) >0i= 1,2, n}if r € (BNC) —
%) NYi(r) (), Kuiry (6) O yicry (), Vai(r) () U yiry (X) >1i=1,2,....,n}if r € (ANB) - C,
)i (r) (), iy (6) N i) (X)s Vigr) () U Vi) (X) > = 1,2, n}if r € (ANC) —

) N (1) () Nwi () () Kyigr) (X) OV i) (6) 0 i) (65 Vi) () U Vi) () U Py () >

i=1,2,....n}iftre ANBNC,

)
)

and

Yi(r)(X) = Yo(r) (%), if r € B—C —A,
= Y(r) (%), if r€ C—B—A,
=Ypn(), ifre A-B-C,
— (<)@ O, o) () D By (9 Ty () Uy () 2 = 1,2,.com} i 7 € (BAC) —A,
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= {<wj(r) () Nz (r) () i) () N M) (X)s Vojir) () U iy (%) >0 j = 1,2,....,m}if r € (ANB) = C,
={<zj(r)(x) N1;(r) (), hejir) () N M) (5), Vejir) () Uy (6) >1 = 1,2,....,m}if r € (ANC) — B,
={<zi(r) () Nv;(r) (x) N1 (1) (), Bejr) () N Ky iy (6) OV ) (), Vi) () U Yoy (0) U ey (%) >
j=L12,....m}ifre ANBNC.

Consequently, we get (f,A)N%((g,B)N%(h,C)) = ((f,A)N%(g,B)) N %(h,C).

(10)-(12) can be proved similarly.

7 Soft rough interval valued intuitionistic fuzzy sets of type-2

In this section we shall consider the lower and upper soft rough approximations of an interval valued intuitionistic fuzzy
set of type-2 in a soft approximation space and obtain a new hybrid model called soft rough interval valued intuitionistic

fuzzy set of type-2.

Definition 7.1: Let wus consider an infervalvalued intuitionistic fuzzy set of type-2I" defined by

I' = {< x,ur(x),yr(x) > x € U} where for x € U, pr(x) = {< wi(x), Wui(x), vui(x) >: i = 1,2,....,n} and
yr(x) = {<vj(x), myj(x),1j(x) >: j=1,2,...,m} where u;(x),v;(x) € Int([0,1]) and Wi, Yui, Hvj, Vvj : U — Int([0,1])
are functions such that for x € U,0 < supp,i(x) + sup¥,i(x) < 1 and O < supp,j(x) +supy,j(x) < 1 for each i, j.

Now let ® = (f,A) be a full soft set over U i.e; Uzeaf(a) = U and S = (U, @) be the soft approximation space. Then the
lower and upper soft rough approximations of I with respect to S are denoted by | zsaps(I") and 1 psaps(I’)
respectively, which are interval valued intuitionistic fuzzy sets of type-2 in U given by:

boasaps(I') = {< x,{< wi(x),[Minfrui(y) : Ja € A{x,y} C f(a)}, Msuppui(y) : Ja € A({x,y} € f(a))}],
Minfrui(y) = 3a € A{x,y} C f(a)},V{supvai(y) : 3a € A({x,y} C f(a)}] > i = 1,2,...,n},{< v;(x),
[(Minfuy;(y) : 3a € A({x,y} € f(a))}, Msupiyj(y) - 3a € A({x,y} C f(a))}], [V{infry;(y) : 3a € A({x,y} € f(a))},
V{supy,j(y) : Ja € A({x,y} C f(a)}] > j = 1,2,....om} >: x € U}, 1 asaps(I') = {< x,{< wui(x),
V{infui(y) : 3a € A({x,y} € f(a))}, V{suppui(y) : 3a € A({x,y} C f(a)}], [Minfru(y) : Fa € A({x,y} € f(a)
AsupYui(y) = Ja € A({x,y} C fla)}] > i = 1,2,....n}{< vj(x), [V{infu,;(y) : Ja € A({x,y} C f(a)
V{suppyj(y) : 3a € A({x,y} € f(a))}], [Minfr;(y) : 3a € A({x,y} € f(a))},

Nsupy,j(y) : Ja € A({x,y} C f(a))}] >: j=1,2,....,m} >:x € U}.

)}
)}

)

The operators and | »saps and 1 2saps are called the lower and upper soft rough approximation operators on interval
valued intuitionistic fuzzy sets of type-2. If | ysaps(I") =1 2saps(I"), then I' is said to be soft definable; otherwise I is
called asoft rough interval valued intuitionistic fuzzy set of type-2.

Example 7.2: Let U = {1,2} and I" € IVIFS;(U) be defined by I' = {< x,ur(x),yr(x) >: x € U} where for
DS U,/.l[‘(X) = {< M,‘(X),‘Uui(X),'}/ui(X) >ii= 172} and ’YF(X) = {< vj(x)a.uVj(x)a’}/Vj(x) > J = 172}a Let,

(1) = {< [0.0,0.1],[0.3,0.4],[0.4,0.5] >, < [0.2,0.5],[0.2,0.4],[0.3,0.5] >},
{

ur
ur(2) = {<[0.1,0.2],[0.1,0.2],[0.5,0.7] >, < [0.1,0.3],]0.2,0.4],[0.3,0.4] >},
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yr(1) = {< [0.1,0.2],[0.1,0.3],[0.3,0.4] >, < [0.0,0.1],[0.1,0.2],[0.5,0.6] >},
yr(2) = {< [0.3,0.4),0.6,0.7],[0.1,0.2] >, < [0.2,0.3],[0.4,0.6],[0.2,0.3] >}.

Now let ® = (f,A) be a full soft set over U, where A = {a,b} and f : A — P(U) be defined as f(a) = {1,2}, f(b) = {2}.
Then,

L asaps(I) = {< 1,{< [0.0,0.1],]0.1,0.2],[0.5,0.7] >, < [0.2,0.5],[0.2,0.4],0.3,0.5] >},
{<[0.1,0.2],]0.1,0.3],[0.3,0.4] >, < [0.0,0.1],[0.1,0.2],[0.5,0.6] >} >, < 2,{< [0.1,0.2],[0.1,0.2],[0.5,0.7] >,
<[0.1,0.3],]0.2,0.4],[0.3,0.5] >},{< [0.3,0.4],[0.1,0.3],]0.3,0.4] >, < [0.2,0.3],[0.1,0.2],[0.5,0.6] >} >},
tasaps(I) = {< 1,{< [0.0,0.1],]0.3,0.4],[0.4,0.5] >, < [0.2,0.5],[0.2,0.4],0.3,0.4] >},
{<[0.1,0.2],]0.6,0.7],[0.1,0.2] >, < [0.0,0.1],[0.4,0.6],[0.2,0.3] >} >, < 2,{< [0.1,0.2],[0.3,0.4],[0.4,0.5] >,
<[0.1,0.3],]0.2,0.4],0.3,0.4] >},{< [0.3,0.4],[0.6,0.7],[0.1,0.2] >, < [0.2,0.3],[0.4,0.6],[0.2,0.3] >} >}.

Since | 2saps(I") #1 2saps(I), then I' a soft rough interval valued intuitionistic fuzzy set of type-2.

Theorem 7.3: Let ® = (f,A) be a full soft set over U and S = (U,®) be the soft approximation space. Let
I')¥ € IVIFS;(U) where I and ¥ have been defined in 5.5. Then,

L. | 2saps(P*) = Px =1 2saps(Px),

2. Lasaps(Ux) = Ux =T psaps(Ux).

3. CL¥ = |asaps(I') €2 | 2saps(¥P),

4.T Cr¥ = tasaps() Co T asaps(¥).

5.1 asaps(I'N2¥) C Lasaps(I') N2 | 2saps(¥),

6. T2saps(I' N2¥) C Tasaps(I") N T 2saps(¥),

7. L asaps(I') Uz | asaps(¥) C | asaps(I"U2¥),

8. 1 2saps(I") Uz T 2saps(¥) C 1 asaps(I" UaW).

Proof:-(1)-(4) are straight forward. (5) We have,

Fasaps(I' 02¥) = {x, {< ui(x) Nwi(x), [A{inf (i (y) O pi(y)) - Fa € A({x,y} C f(a))},
Asup(pui(y) N twi(y)) - Fa € A({x,y} € f(a)) 3, [V{inf (Y () Ui(v)) - Fa € A({x, 3} € f(a))},
V{sup(Yi(y) Utwi(y)) : Ja € A({x,y} € f(@))}] >:i=1,2,...,n},

{< i) Nej(x), [Minf (1 (v) O ej () - Ja € A({x, v} € ()},

Asup(pj(y) Vi () = Fa € A({x,y} € f(a) 3, [V{inf (1 () Ui () - Fa € A{x,y} € f(a))},
V{sup(y,j(y)U%;(y) : Ja € A({x,y} C f(a))}] >: j=1,2,...m} >:x € U}.

Also we have,

Lasaps(I') N2 4 asaps(W) = {< x, {< u;i(x), [AN{infuui(y) : Ja € A({x,y}

C fla)}, Msuprai(y) : 3a € A({x,y} € f(a)}], [V4infva(y) : 3

acA({x,y} C f(a)},V{supyui(y) : Ja € A({x,y} C f(a))}] >:i=1,2,...,n},{<v;(x),
[(Minfuy;(y) : 3a € A({x,y} € f(a))}, AM{suppyj(y) - Ja € A({x,y}

€ fla)}], ({infruj(y) - Ja € A({x,y} € f(a))}, V{supyyj(y) : Ja € A({x,y}
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Crla)}]>j=12,....m} > xeU}na{<x,{<wix),[A{infuw(y): Ja € A({x,y}

C f(@)}; AM{supwi(y) - 3a € A({x,y} € f(@) }, [V{infrwi(y) : 3

acA({x,y} € fla)}, V{suprui(y) : Ja € A({x,y} C f(a)}] >:1i=1,2,....,n},{<1j(x),
[(Minfu(y) - 3a € A{x,y} C f(a))}, M{suppej(y) - 3a € A({x,y}

C fl@)}], [M{infrj(y) : Ja € A({x,y} € f(a)}, V{supy,;(y) : Ja € A({x,y}
Cflan}>j=12,....om}t>xeU}

= {<x {<uilx) Nwix), min(A{inf pui(y) : 3a € A({x,y} € f(a))},

Ainfwi(y) : 3a € A({x,y} € f(a))}), min(A{suppi(y) : 3a € A({x,y} C f(a))},

A suppi(y) : 3a € A({x,y} C (@) })], [max(V{infv.i(y) : 3a € A({x,y} € f(a))},
VA{infywi(y) : 3a € A({x,y} € f(a))}),max(V{supYui(y) : Ja € A({x,y} € f(a))}, V{supwi(y) : 3
acA({x,y} C f(a)})] >:1i=1,2,....,n},{< vj(x) Ntj(x), [min(A{infu,;(y) : 3a € A({x,y}
C fl@)}, Minfuij(y) - Ja € A({x,y} € f(a))}), min(A{suppyj(y) : Ja € A({x,y}

C fla)} AMsuppij(y) : 3a € A({x,y} € f(a)})], [max(V{infy;(v) : 3a € A({x,y}
fla)}, VAinfyij(y) : Ja € A({x,y} € f(a))}), max(V{supy,;(y) : Ja € A({x,y}

f(a)) )}

- :
C f(a)},V{supy:j(y) : Ja € A{x,y} C f(a))})] >: j=1,2,...m} >:x €U}

Now we have
inf (Wi (y) N wi(y)) = inf ([min(inf wui(y), infwi(y)), min(suppui(y), suptwi(y))]) = min(inf o (y), inf i (y))
Therefore,

inf(lui(y) O i (y)) <infpi(y) and inf (i (y) N iwi(y)) < infiyi(y).

So,

AMinf (i (y) O i (v)) : 3a € A({x,y} C f(a))} < min(A{infuwu(y) : 3a € A({x,y} C f(a))},
NMinfuwi(y) : Ja € A({x,y} C f(a))})-

Similarly it can be shown that,

Asup(pi(y) O i () - 3a € A({x,y} € f(a))} < min(A{suppi(y) : 3a € A({x,y} C f(a))},
Asuppni(y) : 3a € A({x,y} C f(a))})-

Also

inf (Yui(y) Utwi(y) = inf ([max(infyui (), inf Yui(y)), max(sup¥ui(y), supywi(y))]) = max(infvui(y), inf vi(y))
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Therefore, inf(Yui(y) U Ywi(y)) > infyui(y)7 and inf (Yui(y) U YWi(y)) > ianWi(y)' So,

VAinf (i ()Y %i(y)) - Ja € A({x,y} € f(a))} 2 max(Vi{infYu(y) : Ja € A({x,y} € f(a))},
VAinfrwi(y) : 3a € A({x,y} C f(a))})-

Similarly it can be shown that,

V {sup(Yui(y) U twi(y)) : Ja € A({x,y} C f(a))}
> max(V{supYui(y) : 3a € A({x,y} C f(a))},V{sup¥ui(y) : Ja € A({x,y} C f(a))}).

In a similar way we can prove the followings:

Ainf (uj(y) O e () - 3a € A({x,y} € f(a)} < min(Ainfuyj(y) : 3a € A({x,y} C f(a))},
Ainfij(y) : 3a € A({x,y} € f(a))}),

Asup(iy;(y) N () - 3a € A({x,y} € f(a)} < min(A{suppyj(y) - 3a € A({x,y} € f(a))},
Asupitsj(y) : 3a € A({x,y} € f(a))}), V{inf (1j(y) UT:j(¥)) : 3a € A({x,y} € f(a))}

> max(V{infy,j(y) : 3a € A({x,y} € f(a))}, V{infyij(y) : Ja € A({x,y} C f(a))}),
VA{sup(1j() U1:j(v) : 3a € A({x,y} € f(a))}

> max(V{supy,j(y) : 3a € A({x,y} € f(a))}, V{supy,j(y) : 3a € A({x,y} C f(a))})-

)
(

Consequently, | 2saps(I' N2¥) C o | 2saps(I') N2 | 2saps(¥). (vi)-(viii)can be proved similarly.

8 Soft interval valued intuitionistic fuzzy rough sets of type-2

In this section we use an interval valued intuitionistic fuzzy soft set of type-2 to granulate the universe of discourse and
obtain a new hybrid model called soft interval valued intuitionistic fuzzy rough set of type-2 which can be seen as an

extension of soft rough interval valued intuitionistic fuzzy set of type-2.

Definition 8.1: Let Q = (f,A) be an interval valued intuitionistic fuzzy soft set of type-2 over U, where f : A —
IVIFS,(U) is defined by

fla) ={<x W) (%), Yp(a)(x) >: x € U}, where forx € U

Hp(ay (%) = {< ui(@) (%), Lui(ay (), Vui(a) (X) >:i=1,2,....,n}
and

V(o) (X) = {<vi(@) (), Lyjia)(X)s Voji)(X) >1 7= 1,2,....,m}.
Then the pair SIVIF, = (U, ) is called a soft interval valued intuitionistic fuzzytype-2 approximation space. Let I" €
IVIFS,(U) be defined by I' = {< x, ur (x), yr(x) >: x € U} where forx € U,

M (x) = {< ui* (x), i % (X), Yui * (x) >1i=1,2,...,n}tandyr(x) = {< vj* (x), Lyj* (x), 7% (x) > j=1,2,....,m}.

Then the lower and upper soft interval valued intuitionistic fuzzy rough approximations of I'w.r.tSIVIF, are denoted
respectively by | 2Aprsivira(I) and 1 2Aprsyyir2 () which are interval valued intuitionistic fuzzy sets of type-2 in U,
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given by

V2Aprsivira(T) = {<x, L paprsivira ) (X)s Yioaprsivieary () >:x €U}
T 2Aprsiviea () = {< x, Waaprsiviear) (%), Yioaprsivirary (x) >:x € U}

where for x € U,

Kaprsivirar) (X) = {< i x (%), [Naea (inf Ryiga) (X) A inf i x (X)), Aaea (SUPRyi(a) (X) A sup i = (x))],

[Naca (inf Yuita) (X) V inf Yui % (x)), Aaca (SUPYui(a) (X) V sup¥ui * (x))] >1i=1,2,... ... ,n}

Yizaprsivira(r)(X) = {<vj* (x), [Aaea(inf 1y ja) (X) Ninf Ly (x)), Aaea (SUPLLy ja) (X) A supilyj* (x))],

[Naca(inf ¥y ja)(X) Vinfyy* (x)), Aaca(sup¥yjia) (X) V supyyj = (x))] >: j=1,2,......,m}

Hroaprsivirar) (X) = {< i+ (x), [Aaea (inf Hyiga) (x) Vinf i * (X)), Aaca (Supﬂm(a) (X) V suppui * (x))],

[Naca(inf Vuia) (X) N inf Yui * (X)), Aaca (SUPYyia) (X) Asup¥uix (x))] >:i=1,2,...... Y Yaprsivirar) (X) = {< v (x),
[Naea(inflyja)(x) Vinf iy (x)), Aaea (SUptyj(ay (x) V supplyj * (x))],

[Naea(infVyjia) (X) Ninfyyj* (X)), Naea (SUp¥yj(a) (x) Asuptvj* (x))] >: j=1,2,.....,m}

If | 2Aprsivir2(I) =1 2Aprsivir2(I), then I is called soft interval valued intuitionistic fuzzy type-2 definable;
otherwise I is called a soft interval valued intuitionistic fuzzy rough set of type-2.

Example 8.2: Let Q = (f,A) be an interval valued intuitionistic fuzzy soft set of type-2 over U, where

U={1,2},A={a,b}and f: A — IVIFS,(U) is defined by

fla) ={< 1,15 (1) V@) (1) >, < 2,1 50)(2), Y1(a)(2) >}

and
FB) ={< Lty (1), Yy (1) >, < 2, i) (2), Y5 (2) >,
where

W s (1) = {< [0.1,0.2],0.4,0.5,[0.2,0.3] >, < [0.3,0.5],[0.1,0.4],[0.5,0.6] >},
W) (2) = {<[0.7,0.8],0.1,0.2],0.3,0.4] >, < [0.5,0.6],[0.3,0.6],[0.2,0.4] >},

V(1) = {< [0.4,0.5,[0.5,0.6],[0.2,0.3] >, < [0.3,0.4],(0.2,0.6],0.1,0.3] >},
Yrw(2) = {<[0.3,0.5,[0.2,0.4],[0.2,0.4] >, < [0.1,0.4],[0.5,0.6],[0.2,0.3] >},
W (1) = {<[0.7,0.9],0.1,0.2],0.7,0.8] >, < [0.1,0.3],[0.4,0.6], [0.1,0.2] >},
,,)(2) = {<[0.5,0.7],[0.5,0.7],[0.1,0.2] >, < [0.3,0.6],]0.2,0.4],[0.3,0.5] >},
(1) = {<[0.4,0.6],[0.3,0.4],(0.2,0.6] >, < [0.5,0.6],(0.2,0.8],0.1,0.2] >},
»(2) = {<[0.3,0.7),[0.1,0.3],0.1,0.5] >, < [0.2,0.5],[0.2,0.5],0.3,0.4] >}.

Let I € IVIFS,(U) be defined by I' = {< 1,ur(1),yr(1) >, < 2,ur(2),yr(2) >} where

(1) = {< [0.2,0.3],[0.4,0.6],[0.1,0.3] >,< [0.2,0.6],[0.1,0.2],[0.6,0.7] >},
{

ur
ur(2) = {<[0.5,0.7],[0.2,0.4],[0.3,0.5] >, < [0.1,0.2],[0.4,0.6],[0.2,0.4] >},
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Then,

yr(1) = {< [0.6,0.8],[0.1,0.2],[0.3,0.6] >, < [0.4,0.5],[0.2,0.5],[0.3,0.4] >},
yr(2) = {< [0.4,0.5),]0.5,0.6],[0.1,0.2] >, < [0.6,0.7],[0.5,0.7],[0.1,0.2] >}.

V2Aprsiviea(U) = {< 1, paprsiviear) (1)s Yizaprsiviear) (1) >3 < 2, W paprsiviear) (2), Yizaprsiviear) (2) > 1,

T 2Aprsivira(I) = {< 1, Woaprsivira ) (1) Yioaprsiviear) (1) >, < 2, Maprsiviear) (2)s Yizaprsiviear) (2) >4,

where

W paprsvirary (1) = {< [0.2,0.3],[0.1,0.2],0.2,0.3] >, < [0.2,0.6],[0.1,0.2], [0.6,0.7] >},
Woaprsvirary (2) = {< [0.5,0.7),[0.1,0.2],0.1,0.2] >, < [0.1,0.2],[0.2,0.4], [0.2,0.4] >},

{<[0.6,0.8],[0.1,0.2],[0.3,0.6] >, < [0.4,0.5],[0.2,0.5],0.3,0.4] >},

Yi24prsiviF2(r) (1)=

Yioaprsivirar)(2) = {< [0.4,0.5],[0.1,0.3],[0.1,0.4] >, < [0.6,0.7],{0.2,0.5],[0.2,0.3] >},
Py2aprsivirary (1) = {<{0.2,0.3],[0.4,0.6],[0.1,0.3] >, < [0.2,0.6],[0.1,0.4],[0.1,0.2] >},
Py2aprsivirar)(2) = 1< [0.5,0.7],[0.2,0.4],[0.3,0.5] >, < [0.1,0.2],[0.4,0.6],[0.2,0.4] >},
Yroaprsivirar) (1) = {<[0.6,0.8],[0.3,0.4],[0.2,0.3] >, < [0.4,0.5],{0.2,0.6],[0.1,0.2] >},
Yroaprsivirar) (2) = {< [0.4,0.5],[0.5,0.6],[0.1,0.2] >, < [0.6,0.7],{0.5,0.7],[0.1,0.2] >}.

Then clearly | 2Aprsivira(I) #1 2Aprsivie2(L). So I' is a soft interval valued intuitionistic fuzzy rough set of type-2

over U.

Theorem 8.3: Let Q = (f,A) be an interval valued intuitionistic fuzzy universal soft set of type-2 over U and

SIVIF, = (U, Q) soft interval valued intuitionistic fuzzy type-2 approximation space. Then for I',} ¥ € IVIFS,(U), we

have

1. L 2Aprsiyipa (P*) = Ox

2.1 2Aprsivira(Ux) = Ux

3.1 CHL¥ = |2Aprsivira(I) C 2 L 2Aprsvira(P)

4.T CL¥ = TrAprsyyira(I) €2 T2Aprsvir2 (YY)

5. LaAprsvira(I'N2Y) Cao L 2Aprsiviea (D) N2 L 2Aprsivira(P)
6. T2Aprsvira(I'N2¥) Co T 2Aprsivir2 (D) N2 T2Aprsvira(P)
7. LoAprsvira (D) Uz L2Aprsivir2 (W) C 2 L2Aprsivira (I U2 W)
8. T2Aprsivir2 (') Uz T2Aprsivir2 (V) C 2 T 2Aprsivira (U2 YP).

Proof:(1)-(4) are straight forward.(5) Let I" and ¥ be defined as follows: I' = {< x, ur(x), yr(x) >: x € U} where for

xevuU,

pr(x) = {< up* (), Wi % (X), Yui % (x) >:i=1,2,...
and

Yr(x) = {< v (x), fyj* (x), Yo% (x) > j=1,2,...
and

¥ ={<xuypx),yp(x) >:xeU}

L h}

. m}
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where for x € U,

‘U.l}l(x) = {< Wi*(x)auwi* (x)v,}/wi* ('x) >ii= 1,2,....71’1}
and

’}/‘P(x) = {< tj* (x)v“'lj* (x)aytj* ()C) > ] = 1,2,....,]11}.

Let f: A — IVIFS;(U) be defined by

f(a) = {< xv“f(a)(x)va(a)(x) >ix € U},

wherefor x € U
Hg(a) ()C) - {< ui(a)(x)vuui(a) (x)7’}/ui(a) ()C) >i=12,... .,l’l}

and
’}/f(u)(x) = {< Vj(a)(x)nuvj(a)(x)vYVj(a)(x) > j= 172,.,..,171}.
Then
oW = {<x, {<ui*(x) wi (), Wi % () O Wi * (X), Vi ¥ (X)) Ui % (x) >1i=1,2,...,n},
{<vjs () Nej (), yj* (X) Vg * (X), Yoj* () UYejx(x) > j=1,2,....m} >:x € U}
We have

b 2Aprsvipa (I N2%¥) = {< x, {< i+ (x) Nwi* (x), [Agea (i f i) () Adnf (B + (%) O fowi * (X)),
A aca(Supti(a) (%) A sup (i () 0 i = ()]s [Naea (inf Vi) (X) Vinf (Yui + (x) U Ywi  (x))),
A aca(SUPYui(a) (¥) V sup(Yui () U Vi % (x)))] >2 8= 1,2, ..,np {< v (x) N2j# (x),
[Naca(inf thyja) (x) Ndnf (tyj = () O e (x))), Aaca(suplhyja) (¥) Asup(thyj = (x) O e (x)))],
[Naca(infVyjia) (X) Vinf (yej = (x) U¥ij* (%)), Aaea (sup¥yja) (x)
Vsup(Yej* (x)Uyj%(x))] > j=1,2,..m} >:xeU}
={<x {<uix (x) Nwix (x), [Aaea (inf tyi(a) (x) Amin(inf Wi+ (x), inf i * (x))),
N acA (SUPLLyiq) (x) Amin(sup Ly * (x), supflyi * (x)))]; [Naca (inf Yui(a) (X)
V max(inf i * (x),inf Yui * (x))), Aaca (SUPYui(a) (X)
V max(supYui * (X),supyi* (x)))] >:i=1,2,...,n},
{<vjx ()N (x), [Aaea(inf iy jay (x) Amin(inf o * (x),inf e * (x))), Aaea (SUptyj(a) ()
Amin(supptyj  (x), sup;j (x)))]; [Naca(inf Vui(a) (x) V max(infy,j+ (x) Uinfy,j + (x)),
N acA (SUPYui(a)(X) V max(supyyj* (x),supy,j* (x)))] >: j=1,2,...m} >:x€ U}

Again we have,
LoAprsivip2 () N2 L 2Aprsivir2 (W)

={<x {<uix (), [Naealing Ruiga) (¥) Ainf i * (x)), Naca(supHui(a) (X) A supilui * (x))],
[AaGA(ianui(a) ()C) VinfYui* (X)), Naea (Squui(a) (x) V SUpYui * (x))] >i=1,2,...... vn}7 {< vj* (x)’
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[Naea(infiLyja)(x) NinfLiyj* (x)), Aaca (SUPRyja) (X) A supplyj* (x))],
[Naea(inf¥yjia) (X) Vinfroj* (X)), Aaca(sup¥yjia) (X) Vsupyyjx (x))] > j=1,2,.....om} >:1x € U Mo < x, { < wi* (x),
[Naca (inf Wyiay (X) Ninf i % (X)), Aaca(Suptui(a) (X) A supilyi  (x))],
[Naca(infVuia)(X) V inf Vi * (X)), Naca (SUPVuia) (X) V supYi* (x))] >:i=1,2,... ... np {<tj* (x),
[Nacainf iy jia) (x) Ainf e+ (X)), Aaca(supthy jia) (x) A suptej* (X)), [Naea (inf V) (x) V infvij = (x)),
N aeA(SupYyji)(X) Vsup¥ij* (x))] >: j=1,2,.....m} >:x €U}
={ < {<uix (x) Nwix (x), [min(Aaea (inf Wyiga) (%) Ninf i+ (X)), Aaa(inf i) (X) Ainf i+ (x))),
min(Aaea(Suptui(a) (¥) A supilui * (x)), Aaca(supyi(a) (¥) A supiyi  (x)))],
[max(Aaea(inf Vai(ay (X) V inf Yui * (x) ), Aaca (inf Vai(a) (X) V inf Ywi + (x))),
max(Naea(SUPYui(a) (X) V SUPYui * (X)), Aaca (SUDVui(a) (X) V sup i+ (x)))] >1i=1,2,... ... b {< vy (x) Nt (x),
[min(Aaca (inf thyja) (¥) Ninf thyj s (x)), Aaea (inf iy jia) () Ninf g (x))),
min(Aaca(SUPMLy j(a) (x) A supfiy;* (X)), Aaea (SUPHy j(a) (%)
Asupfyj* (x)))], [max(Aaea(inf Vyjia) (X) V infyvj * (x)), Aaca (inf ¥y j(a) (x)
Vinfyj* (x))), max(Aaca(supYyj(a) (x) V supyyj * (x)),
Naea(SUpYyja)(X) VsupYj* (x))] > j=1,2,.....,m} >:x € U}

Nowit can be shown that

A aea(inf Wyiq) () Amin(inf Wy * (x), inf i * (x))) < min(Agea (inf yiq) () N inf i x (x)), Aaea (inf Wyiga) (X)
Ninf i % (X)), Aaea (SUPHoi(a) (X) Amin(supply; * (xX), supfhyi * (x))) < min(Aaea (SUpti(a) (x)
ASUpui * (X)), Aaca (SUPRyi(a) (*) A supllyi * (x))), Aaea (inf Vui(a) (%)

Vmax(inf Yy (x), inf i (x))) > max(Aaea (inf Vi) (x) V inf i + (x)),

N aea(inf Yui(a) (%) Vinf Ywi * (x))), Aaca (SUPYui(a) (X) V max(supYui  (x), sup Vi * (x)))

= max(Naca (SUPYui(a) () V SUpYui * (x)), Aaca (SUPVuia) (X) V sUpYii * (x))),

N aea(inf Puiga) (x) Amin(inf o+ (x), inf e+ (x)) < min(Aaea(inf Wy ja) (x) Ninf iy (x)),
Naea(inf iy ja) (X) Ninflj* (x))), Aaca (SUPyi(a) (x) Amin(supply; * (x),
supliej (x)) < min(Aaea(SUpilyj(a) (x) Asuppiy;* (x)), Aaea (SUpt, j(q) (x) Asuppsj + (x))),

A aea(inf Vui(a) (x) V max(infyyj* (x),inf v * (x))) = max(Aaea(inf vy j(q) (x) Vinfyyj+ (x)),
Naea(inf¥yja)(x) Vinfyij = (x))), Aaca(SUpVui(ay (x) V max(supyy;j * (x), sup¥j * (x)))

= max(Naca (SUPYyj(a) (x) V sup¥yj = (x)), Aaca (Sup¥yj(a) (x) V sup¥sj* (x))).

Using the above results we get, | 2Aprsivir2 (I Na¥) C o L 24prsivira(I) Na L 2Aprsivira (W). (6)-(8) can be proved
similarly.

9 Conclusion

Inthis paper we have investigated the problem of combining interval valued intuitionistic fuzzy set of type-2 with soft sets
and rough setsand we obtain three different types of hybrid models, namely-interval valued intuitionistic fuzzy soft sets
of type-2, soft rough interval valued intuitionistic fuzzy sets of type-2 and soft interval valued intuitionistic fuzzy rough
sets of type-2.We have also investigated some basic properties of these new hybridizations.
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