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Abstract: In this paper, we extend the lower and upper soft interval valued intuitionstic fuzzy
rough approximations of IVIFS —relations proposed by Anjan et al. to the case of interval
valued neutrosophic soft set relation(IVNSS-relation for short)

Keywords: Interval valued neutrosophic soft , Interval valued neutrosophic soft set relation

0. Introduction

This paper is an attempt to extend the concept of interval valued intuitionistic fuzzy soft
relation (IVIFSS-relations) introduced by A. Mukherjee et al [45 Jto IVNSS relation .

The organization of this paper is as follow: In section 2, we briefly present some basic
definitions and preliminary results are given which will be used in the rest of the paper. In
section 3, relation interval neutrosophic soft relation is presented. In section 4 various type of
interval valued neutrosophic soft relations. In section 5, we concludes the paper

1. Preliminaries

Throughout this paper, let U be a universal set and E be the set of all possible parameters
under consideration with respect to U, usually, parameters are attributes, characteristics, or
properties of objects in U. We now recall some basic notions of neutrosophic set, interval
neutrosophic set, soft set, neutrosophic soft set and interval neutrosophic soft set.

Definition 2.1.

Let U be an universe of discourse then the neutrosophic set A is an object having the form
A= {< X: LAk, V Ax), ® Ax) > X € U}, where the functions p, v, @ : U—]0,1[ define
respectively the degree of membership , the degree of indeterminacy, and the degree of
non-membership of the element x € X to the set A with the condition.

0<paxt VAT waxn<3".
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From philosophical point of view, the neutrosophic set takes the value from real standard or
non-standard subsets of ]1°0,1°[.so instead of ] 0,1°[ we need to take the interval [0,1] for
technical applications, because 170,1"[will be difficult to apply in the real applications such as
in scientific and engineering problems.

Definition 2.2. A neutrosophic set A is contained in another neutrosophic set B i.e. A S B
if ¥x € U, pa(X) < pus(X), va(X) = ve(X), ® a(X) > o g(X).

Definition 2.3. Let X be a space of points (objects) with generic elements in X denoted by x.
An interval valued neutrosophic set (for short IVNS) A in X is characterized by truth-
membership function p, (x), indeteminacy-membership function v, (x) and falsity-
membership function w4 (x). For each point X in X, we have that p,(x), va (%),

wy(x) € [0,1].

For two IVNS , Ajyns ={ <X, [W; (), LY GO1, [V (), vR ()], [0k (%), 08 ()] >|x € X }
And Bryys ={ <x,, [u (), py (O], [vi(x), v ()], [05 (%), 05 (:)]> | x € X } the two
relations are defined as follows:

(1) Awyns € Buyns if and only if p (x) < pg (3,13 (%) < pg (x) Vi) 2 V() , 03 (%)

> 0p(x), 040 2 05(x), 0§(X) = 0p(x)

(2) Avns = Biyns ifand only if, P, (x) =P (x) , va(x) =vp(X) , 0 (%) =wp(x) for any
x€X

As an illustration ,let us consider the following example.

Example 2.4. Assume that the universe of discourse U={x1,X2,X3},where X, characterizes the
capability, x2 characterizes the trustworthiness and x3 indicates the prices of the objects. It
may be further assumed that the values of x;, X, and xz are in [0,1] and they are obtained from
some questionnaires of some experts. The experts may impose their opinion in three
components viz. the degree of goodness,

the degree of indeterminacy and that of poorness to explain the characteristics of the objects.
Suppose A is an interval neutrosophic set (INS) of U, such that,

A = {< x1,[0.3 0.4],[0.5 0.6],[0.4 0.5] >,< X5, ,[0.1 0.2],[0.3 0.4],[0.6 0.7]>,< X3, [0.2
0.4],[0.4 0.5],[0.4 0.6] >}, where the degree of goodness of capability is 0.3, degree of
indeterminacy of capability is 0.5 and degree of falsity of capability is 0.4 etc.

Definition 2.5.

Let U be an initial universe set and E be a set of parameters. Let P(U) denotes the power set of
U. Consider a nonempty set A, A c E. A pair (K, A) is called a soft set over U, where K is a
mapping given by K : A — P(U).

As an illustration, let us consider the following example.

Example 2.6 .

Suppose that U is the set of houses under consideration, say U = {hy, h, .. ., hs}. Let E be the
set of some attributes of such houses, say E = {e1, e, . . ., eg}, where es, ey, . . ., eg stand for the
attributes “beautiful”, “costly”, “in the green surroundings’”, “moderate”, respectively.

In this case, to define a soft set means to point out expensive houses, beautiful houses, and so
on. For example, the soft set (K,A) that describes the “attractiveness of the houses” in the
opinion of a buyer, say Thomas, may be defined like this:

A={e1,e,,63,64,65};

K(el) = {hz, h3, h5}, K(EZ) = {hz, h4}, K(63) = {hl}, K(E4) =U, K(e5) = {h3, h5}

Definition 2.7 .
Let U be an initial universe set and A c E be a set of parameters. Let IVNS(U) denotes the
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set of all interval neutrosophic subsets of U. The collection (K,A) is termed to be the soft
interval neutrosophic set over U, where F is a mapping given by K : A — IVNS(U).

The interval neutrosophic soft set defined over an universe is denoted by INSS.

To illustrate let us consider the following example:

Let U be the set of houses under consideration and E is the set of parameters (or qualities).
Each parameter is a interval neutrosophic word or sentence involving interval neutrosophic
words. Consider E = { beautiful, costly, in the green surroundings, moderate, expensive }. In
this case, to define a interval neutrosophic soft set means to point out beautiful houses, costly
houses, and so on. Suppose that, there are five houses in the universe U given by, U =
{h1,h,h3,hs,hs} and the set of parameters A = {e1,e,,e3,64}, Where each e; is a specific
criterion for houses:

es stands for ‘beautiful’,

e, stands for “costly’,

es stands for ‘in the green surroundings’,

e, stands for ‘moderate’,

Suppose that,

K(beautiful)={< h,,[0.5, 0.6], [0.6, 0.7], [0.3, 0.4]>,< h,,[0.4, 0.5], [0.7 ,0.8], [0.2, 0.3] >, <
hs,[0.6, 0.7],[0.2 ,0.3],[0.3, 0.5] >,< h4,[0.7 ,0.8],[0.3, 0.4],[0.2, 0.4] >,< hs,[ 0.8, 0.4] ,[0.2
,0.6],[0.3, 0.4] >}.K(costly)={< b,,[0.5, 0.6], [0.6, 0.7], [0.3, 0.4]>< h,[0.4, 0.5], [0.7 ,0.8],
[0.2, 0.3] >, < h3,[0.6, 0.7],[0.2 ,0.3],[0.3, 0.5] >,< hy4,[0.7 ,0.8],[0.3, 0.4],[0.2, 0.4] >,< hs,[
0.8, 0.4],[0.2,0.6],[0.3, 0.4] >}.

K(in the green surroundings)= {< h,[0.5, 0.6], [0.6, 0.7], [0.3, 0.4]>,< b,,[0.4, 0.5], [0.7,0.8],
[0.2, 0.3] >, < h3,[0.6, 0.7],[0.2 ,0.3],[0.3, 0.5] >,< hy4,[0.7 ,0.8],[0.3, 0.4],[0.2, 0.4] >,< hs,[
0.8, 0.4] ,[0.2,0.6],[0.3, 0.4] >}.K(moderate)={< hy,[0.5, 0.6], [0.6, 0.7], [0.3, 0.4]>,< h,,[0.4,
0.5], [0.7 ,0.8], [0.2, 0.3] >, < h3,[0.6, 0.7],[0.2 ,0.3],[0.3, 0.5] >,< h4,[0.7 ,0.8],[0.3, 0.4],[0.2,
0.4] >,< hs5,[ 0.8, 0.4] ,[0.2,0.6],[0.3, 0.4] >}.

Definition 2.8.

Let U be aninitial universe and (F,A) and (G,B) be two interval valued neutrosophic soft set .
Then a relation between them is defined as a pair (H, AxB), where H is mapping given by H:
AxB—1VNS(U). This is called an interval valued neutrosophic soft sets relation ( IVNSS-
relation for short).the collection of relations on interval valued neutrosophic soft sets on Ax
Bover U is denoted by o, (Ax B).

Defintion 2.9. Let P, Q € o, (Ax B) and the ordre of their relational matrices are same. Then
PcQifH(ee) <J(ee;) for(eje)) € AxBwhere P=(H, AxB)andQ=(J, AxB)

Example:

)

Ul (e.e2) (e1 ,€4) (e5 ,e3) (es ,e4)

hi | (0.2 03][0.2,0.31,[0.4,05]) | ([0.4,0.6],[0.7, 0.8],[0.1,0.4]) | ([0.4, 0.6],[0.7, 0.8],[0.1,0.4]) | ([0.4,0.6],[0.7, 0.8],[0.1,0.4])
h2 | ([0.6, 0.8],[0.3, 0.4],[0.1,0.7]) ([1, 11.[0, 01.[0, O]) ([0.1, 0.5],[0.4, 0.7],[0.5,0.6]) | ([0.1, 0.5],[0.4, 0.7],[0.5,0.6])
hs | ([0.3,0.6],[0.2, 0.7],[0.3,0.4]) | ([0.4,0.7],[0.1, 0.3],[0.2,0.4]) ([1, 11.[0, 01.[0, OT) ([0.4, 0.71,[0.1, 0.3],[0.2,0.4])
hs | ([0.6,0.7],[0.3, 0.4],[0.2,0.4]) | ([0.3,0.4],[0.7, 0.9],[0.1,0.2]) | ([0.3, 0.4],[0.7, 0.9],[0.1,0.2]) (1, 11.[0, 01.[0, O])

Q

Ul (e.e2) (e ,e4) (es ,e3) (es ,e4)

hy ([0.3, 0.41,[0, 0.[0, OJ) ([0.4, 0.6],[0.7, 0.8],[0.1,0.4]) | ([0.4, 0.6],[0.7, 0.8],[0.1,0.4]) | ([0.4, 0.6],[0.7, 0.8],[0.1,0.4])
h2 | ([0.6, 0.8],[0.3, 0.4],[0.1,0.7]) ([1, 11.[0, 01.[0, O]) ([0.1, 0.51,[0.4, 0.7],[0.5,0.6]) | ([0.1, 0.5],[0.4, 0.7],[0.5,0.6])
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hs | ([0.3, 0.6],[0.2, 0.71,[0.3,0.4])

([0.4,0.7],[0.1, 0.3],[0.2,0.4])

(%, 11,0, 01.[0, OT)

([0.4,0.7],[0.1, 0.3],[0.2,0.4])

hs | ([0.6, 0.7],[0.3, 0.4],[0.2,0.4])

([0.3, 0.4],[0.7, 0.91,[0.1,0.2])

([0.3, 0.4],[0.7, 0.91,[0.1,0.2])

(%, 11,0, 01.[0, OT)

Definition 2.10.

Let U be an initial universe and (F, A) and (G, B) be two interval valued neutrosophic soft
sets. Then a null relation between them is denoted

by Oy and is defined as Oy =(Hp , A XB) where Hg (el-,ej):{<hk .[0, 0],[1, 1],[1, 1]>; hy €

U3} for (e; e;) € AXB.

Example. Consider the interval valued neutrosophic soft sets (F, A) and (G, B). Then a null

relation between them is given by

Ul (e1.€2) (€1 ,€4) (e3,€3) (e3 ,€4)

hy ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1])
h ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1])
hs ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1])
ha ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1]) ([0, 01.[1, 1].[1, 1])

Remark. It can be easily seen that P U Oy =P and P n Oy =0y forany P € o,(Ax B)

Definition 2.11.

Let U be an initial universe and (F, A) and (G, B) be two interval valued neutrosophic soft
sets. Then an absolute relation between them is denoted by I;; and is defined as Iy =(H;, A

xB) where H; (e; ;)={<hy, [1, 1],[0, 01,[0, 0]>; h; € U} for (e;e;) € A XB.

Ul (e1.€2) (€1 ,€4) (e3,€3) (e3,€4)

hy ([1, 1].[0, 01.[0, O]) ([1, 11,0, 01.[0, O]) ([1, 11,0, 01.[0, 0]) ([1, 11,0, 01.[0, O])
h ([1, 11,9, 01.[0, 0]) ([1, 11,9, 01.[0, 0]) ([1, 11,9, 01.[0, 0]) ([1, 11,9, 01.[0, O])
hs ([1, 11,9, 01.[0, 0]) ([1, 11,9, 01.[0, ) ([1, 11,9, 01.[0, 0]) ([1, 11,9, 01.[0, 0])
ha ([1, 11,9, 01.[0, 0]) ([1, 11,9, 01.[0, ]) ([1, 11,9, 01.[0, 0]) ([1, 11,9, 01.[0, O])

Defintion.2.12 Let P € g,(Ax B), P= (H, AXxB) ,Q = (J, AxB) and the order of their relational
matrices are same.Then we define
(i) P U Q= (H oJ, AxB) where Ho J :AxB —=IVNS(U) is defined as
(H oJ)(e;ej)= H(e;ej) V J(eje;) for (e;e;) € A x B, where v denotes the interval
valued neutrosophic union.

(i) PN Q=(H mJ, AxB) where HmJ:AxB —IVNS(U) is defined as (HmJ)(e; e;)=
H(e,e;) A J(e e;) for (eje;) € A x B, where A denotes the interval valued
neutrosophic intersection

(i)  P°=(~H, AxB) , where ~H :AxB —IVNS(U) is defined as

~H(e; e;)=[H(e;e;)] © for (e; e;) € A x B, where ¢ denotes the interval valued
neutrosophic complement.

Defintion.2.13.

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]z.
Now for X € U, the lower and upper approximation of X with respect to (U, R) are denoted
by respectively R X and R* X and are defined by
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R«X={xeU: [x]z €X},
R*X={ xeU: [x]g N X #}.
Now if R +X = R* X, then X is called definable; otherwise X is called a rough set.

3-Lower and upper soft interval valued neutrosophic rough approximations of an
IVNSS-relation

Defntion 3.1 .Let R € o,(AxA) and R=( H, Ax A). Let 0=(fB) be an interval valued
neutrosophic soft set over U and S= (U, ©) be the soft interval valued neutrosophic
approximation space. Then the lower and upper soft interval valued neutrosophic rough
approximations of R with respect to S are denoted by Lwrg(R)and Uprg(R) respectively,
which are IVNSS- relations over AxB in U given by:

Lwrg(R)=(J, AxB) and Uprg(R) =(K, A xB)

(e ex) (<X, [Aejealinf iy e, ¢;) () A Infitg e, ) (%)) Aesea(SUP Hy( ey ) () A SUP (o) (D) ]

[/\e]-EA(ianH( e; ,ej) (X) \% infvf( er) (X)) ,/\ejeA(Sup VH(ei _e]-) (X) \% sup Vf( er) (X)) ]1
[/\e]'EA(info‘)H(ei ,ej) (X) \ inf“l)f( ek) (X)) ’/\e]-EA(Sup (DH(el- _e]-) (X) v sup (Df( ek) (X))] XE U}

K( ei lek) :{<X! [/\eiEA(inf I’I‘H(ei ,e]-) (X) V lnf IJ'f( ek) (X)) 1/\e]'EA(Sup HH( e; ,ej) (X) V Sup IJ'f( ek) (X))
1

[/\e]-EA(ianH( e; ,ej) (X) A infvf( er) (X)) ,/\ejeA(Sup VH(ei ,e]-) (X) A sup Vf( er) (X)) ]1
[/\e]'EA(info‘)H(ei ,ej) (X) A inf“l)f( ek) (X)) ’/\ejEA(Sup mH(ei ,e]-) (X) A sup (Df( ek) (X))] XE U}

Fore;e A,ex €B

Theorem 3.2. Let be an interval valued neutrosophic soft over U and S = ( U,0) be the soft
approximation space. Let R; , R, € oy (Ax A) and R,=( G,Ax A) and R,=( H,Ax A).Then

(i) Lwrs(0y)= 0y

(i) Lwrs(1y)= 1y

(iii) R4y € Ry, = Lwrg (Rq) € Lwrg (R3)

(iv) Ry € R, = Uprs (Rq) < Uprs (R,

(v) Lwrg (Rq N R;) € Lwrg (Ry) N Lwrg (R3)

(vi) Uprs (R4 N Rz) € Uprs (R1) N Uprs (Ry)

(vii) Lwrg (Rq) U Lwrg (R3) € Lwrg (R1 U R3)

(viii) Uprs (R4) U Uprs (Rz) € Uprs (Ry U R3)

Proof. (i) —(iv) are straight forward.
Let Lwrs(R; N R,) =(S, Ax B).Then for (e;, ex) € A xB, we have

S( ei ’ ek) :{<X’ [/\ejEA(inf uGoH( e; ,e]-) (X) A lnf Flf( ek) (X)) ' /\e]-EA(Sup uGoH( e; ,ej) (X)
A sup Hece,) ()],

[/\e]'EA(ianGoH( e; _ej) (X) v inf\)f( ek) (X)) 1 /\e]'EA(Sup VGoH( e ,e]-) (X) \ Sup Vf( ek) (X))]’

[Nejealinf 0gup( op o) () V infre, ) (6)) Nejea(SUP Wgup( oy e) () V SUP W, ) (1)) ] X € U}
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:{<X1 [/\ejEA(min(inf H'G( e; ,el-) (X)' lnf HH( ej ,e]-) (X)) A lnf IJ'f( ey ) (X))
!AeiEA(min(sup H'G( e; ,el-) (X)' Sup HH( e; ,ej) (X)) A Sup uf( ek) (X))]!

[Aejea(max(infyg, oy (%), infvy,, oy (X)) V infvece, ) (%))
!/\eiEA(maX(sup VG( e; _e]-) (X)' sup VH( e; _e]-) (X)) \% Sup Vf( ek) (X))]’

[Aejea(max(inf g, o) (), infwy(e, o) (X)) V infwgce,) (X))
Nejea(Max(sup we( o, oy (X), SUP Wy (¢, ¢y (X)) V SUP W(e,) (X)) ] X € U}

Also for Lwrg (R4) n Lwrg (R;) =(Z,A xB) and (e;,ex) € A xB ,we have ,

Z (e;, )= {<X, [ Min (Agealinfug( o, ;) () A infligce,) () 1 Agjealinf iy g, o) ) A
iNflig( ey (¥))) » MiN(Ae,ea(SUP tg( o o) (%) A SUD By ) () 1 Aeyea(SUp (o ¢;) ()

A Sup Ug( e, ) ()]

[Max (/\e].EA(inva(ei ) (x) V infvge, ) (X)), /\e].EA(inva(ei ) (x) Vv infvgey (X))
MaX(Ae;ea(SUD V(o o) () V SUD Vi) () 1 Aeyea(SUD Vi gp.67) () V SUP Ve(ey ) ()]

[Max (/\ejEA(info)G(ei ) (x) V infwge, ) (X)), /\ejEA(inwa(e,- ) (x) V infwgce, ) (X)) ,
Max(/\e]'EA(Sup (DG( ej ,e]-) (X) \% Sup (.l)f( ek) (X)) 1 /\e]-EA(Sup (DH( e; _ej) (X) \% Sup (Df( ek) (X)) )] X €
U}

Now since min(infyg(,, o)+ Infiy(e, o) *)) < infpg(,, o) (X) and

min(infug,, oy INfliy(e o) () < infly(e, o) (X) we have

Nejea(min(inf g o, oy (X), infly(e, o) () A infpgce, ) () < Min (Aejea(inf g, ¢;) (%)

A infpgce,) (0) Aejea(infiy e, o) (O A Infpgce,) (X)) ).

Similarly we can get

Nejea(Min(sup Hg( ¢, e;) (X), SUP Hy( ¢, ;) (X)) A SUP g(e, ) (X)) < Min (Agjea(SUp Hg( ¢, ;) (X)
A SUp Hicey) (X)) 5 Aejea(SUp Hy( e e) () A SUP He(ey,) (X)) )-

Againas  max(infvg(,, ¢+ INfVy(e, e) (X)) 2 infyg(y, o) (X) and

max(infvg( ¢, ¢) » INfVR( ¢, e) () 2 infyg(g, o) (X)
we have

/\ejEA(maX(ianG( e; ,ej) (X)' inva(ei ,e]-) (X)) v infvf( ek) (X)) 2 Max (/\ejEA(ianG( e; _ej) (X)
\% ianf( er) (%)), /\ejEA(ianH(ei <) vV ianf( ex) x))).
Similarly we can get

/\ejEA(maX(sup VG( ej ,e]-) (X)' Sup V]—[( e ,e]-) (X)) \ Sup Vf( ek) (X)) 2 Max (/\e]'EA(Sup VG( e; ,e]-) (X)
\% Sup Vf( ek) (X)) ’ /\ejEA(Sup VH( e; ,ej) (X) \% Sup Vf( ek) (X)) )
Againas  max(infog(,, o) Ifwy(e, o) (X)) 2 Infwge, 0 (%) ,and

max(infu)G( ere)) infooﬂ(ei ) x))= infu)H(el, <) (x)

we have
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Nejea(max(infwg,, o (%), inf oy, ) (X)) V infwg(e,) (X)) = Max (Aeea(inf wg, ) X
V infog(e,) (%)) ) Aejea(inf oy, o) () V infoy(e,) (¥))).
Similarly we can get

/\ejEA(maX(sup (“)G( e; ,e]-) (X)' Sup w]—[( e; _ej) (X)) \% Sup (‘l)f( ek) (X)) 2 Max (/\el'EA(Sup wG( e; ,el-) (X)
\% Sup (‘Of( ek) (X)) 1 /\e]'EA(Sup wH(ei ,e]-) (X) \% Sup (Df( ek) (X)) )

Consequently, Lwrg (R; N R;) € Lwrg (R,) n Lwrg (R;)
(vi) Proof is similar to (v)

(vii) Let Lwrg (R; U Ry) =(S, AxB).Then for (e;,ex) € A xB, we have

S( €;, ek):{<xx [/\el-EA(inf uGlH(ei ,e]-) (X) A inf HeCex) (X)) v/\ejEA(Sup |J'GIH( e 'ej) (X)
A sup pg( e, ) ()],
[/\e]-EA(ianG-H( e; ,e]-) (X) \ infvf( er) (X)) 1/\ejEA(ianGlH(ei ,e]-) (X) \4 il’lf\}f( er) (X))]v

[Aejea(inf 0y, <) (X) V infwge, ) (X)) Nejea(inf ogay(e, <) (x) V infwgce, ) (%)) ] :x € U}

={<X, [Nejeamax(inf g, o) (%), infg( g, o) () A infgce, ) (%))
Nejea(Max(sup Hg( ¢, e,) (X), SUP Hy( ¢, ¢;) () A SUP He( e, ) ()],

[Aejea(min(infvg, ) (%), infvy,, ) (x)) V infvgce, ) (X))
!/\eiEA(min(Sup VG( e; ,e]-) (X)l Sup VH(ei ,e]-) (X)) \% Sup Vf(ek) (X))]l

[Aejea(min(inf wg,, ) (%), inf oy, e) )V infwgce,) x))
Nejea(Min(Sup we (o, o) (%), SUP Wy( 4, o) (X)) V SUP W) (X)) ] X € U}

Also for Lwrs(R;) U Lwrs(R,) = (Z, AxB) and (e;, e;) € A xB ,we have ,

Z (i, €)= {<X, [ Max (Aejea(infiug g, o)) () A infligce,) (0) + Aesealinf ity o, ;) () A
inf He(er) (X)) ) ) Max(/\el.eA(sup ”G( e; ,ej) (X) A sup P er) (X)) ) /\ejEA(Sup |J-H(e,~ ,e]-) (X)
A Sup Hg(e,) ()]

[Min (/\ejEA(ianG(ei ) (x) V infvge,y (X)), /\e].EA(inva(ei ) (x) V infvgee, ) (X))
MiN(Ae,ea(SUP Ve( ¢ ¢,) () V SUPViCe) (X)) 1 AcsealSup Vi, ) () V supvicey) ()],

[Min (/\el-eA(inf“)G(ei ) (x) V infwgce, ) (X)), /\e].EA(infooH(ei ) (x) V infwgce, ) (X)) ,
MiN(Ae,ea(SUP @g( gy 6) () V SUP @r(ey ) () Aeyea(SUP @y g, ) () V SUP ) (1)) )] X €
U}

Now since max(infyg(,, ¢;) » Infity(e;e;) %)) = infpg(,, ;) (X) and

max(inf HG(ese)) * inf HH( e; e)) (x)) = inf HH( e; e)) (x) we have

Aeyea(max(inf ig( o, ;) GO, nfg( gy o) (O) A InFgCey) () = MaX (Aeyealinf g, o) ()

A inflgce,) (0), Aejea(infiy e, o) (O A infgce,) (X)) ).

Similarly we can get

Nejea(Max(sup pg( ¢, e) (), SUP Hy( ¢, ¢;) (X)) A SUP g(e, ) (X)) = MaX(Aejea(SUP K, ;) (X)
A SUp Hicey) (X)) + Aejea(SUp Hy( e, o) () A SUP Hg(ey) (X)) )-
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Againas min(infvge, ¢y, INfVy(e, ¢) (X) )< Infyg(g, o) (%) and

min(inva( eref) ! inva( ei€f) x)) < inva( ere) x)
we have

/\ejEA(min(ianG( e; ,e]-) (X)' ianH(ei ,el-) (X)) V inf\}f( ek) (X)) SMIn (/\e]'EA(ianG( e; ,e]-) (X)
\'% inf\)f( er) (x), /\ejEA(ianH(ei ) xV ianf( ex) x))).
Similarly we can get

/\ejEA(min(Sup VG( e; ,e]-) (X)l Sup VH( ej ,e]-) (X)) \% Sup Vf( ek) (X)) S M In (/\e]-EA(Sup VG( e; ,e]-) (X)
V Sup Viey) (0) + AeyealSUP Vi ey o) () V SUP Vi) ().

Againas  min(infwg(,, o) Ifwy(y, o) (X)) < Infwge, 0 (X) ,and

min(infwg,, ) yinfwy,, ) (®) )< infoy,, ) (x)
we have

/\ejeA(min(infu)G( eie) (x), inf(l)H( eie) (x)) V infowg ex) (x)) < Min (/\ejeA(inf(D(;( eie)) (%)
\% infoof( ex) ), /\ejeA(inme( ei ej) )V inf(x)f( ex) x))).
Similarly we can get

/\ejEA(min(sup (D(;( e; ,el-) (X)' Sup (DH( e; _e]-) (X)) \% Sup (‘)f( ek) (X)) S Mln (/\ejEA(sup (‘)G( e; ,e]-) (X)
V SUp (e, ) (0) 1 Aejea(SUP @y( g, o) (X) V SUP 0p( ey (X)),

Consequently Lwrg (R,) U Lwrg (R;) € Lwrs(R; N R5)
(vii) Proof is similar to (vii).

Conclusion

In the present paper we extend the concept of Lower and upper soft interval valued
intuitionstic fuzzy rough approximations of an IVIFSS-relation to the case IVNSS and
investigated some of their properties.
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