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1 Introduction

In 1999,[9] Molodsov initiated the novel concept
of soft set theory which is a completely new approach for
modeling vagueness and uncertainty. In [6] Maji et al.
intiated the concept of fuzzy soft sets with some properties
regarding fuzzy soft union , intersection, complement of
fuzzy soft set. Moreover in [7,8] Maji et al extended soft
sets to intuitionistic fuzzy soft sets and Neutrosophic soft
sets.

Neutrosophic Logic has been proposed by
Florentine Smarandache[14,15] which is based on non-
standard analysis that was given by Abraham Robinson in
1960s. Neutrosophic Logic was developed to represent
mathematical model of uncertainty, vagueness, ambiguity,
imprecision undefined, incompleteness, inconsistency,
redundancy, contradiction. The neutrosophic logic is a
formal frame to measure truth, indeterminacy and
falsehood. In Neutrosophic set, indeterminacy is quantified
explicitly whereas the truth membership, indeterminacy
membership and falsity membership are independent. This
assumption is very important in a lot of situations such as
information fusion when we try to combine the data from
different sensors.

Yang et al.[16] presented the concept of interval
valued fuzzy soft sets by combining the interval valued
fuzzy set and soft set models. Jiang.Y et al.[5] introduced
interval valued intuitionistic fuzzy soft set. In this paper we
define interval valued fuzzy neutrosophic soft topological
space and we discuss some of its properties.

2 Preliminaries

Definition 2.1[2]:

A fuzzy neutrosophic set A on the universe of
discourse X is defined as
A={x,T,(x),I,(x),F, (x))xEX
where T, I, F: X — [0,1] and
O<T,(X)+1,(X)+F,(x)<3

Definition 2.2[3]:

An interval valued fuzzy neutrosophic set (IVFNS
in short) on a universe is an object of the form
A:?X,TA(X), IA(x), FA(X>)3 where

Ta(X) = X = Int ([0,1]) , 1a(X) = X — Int ([0,1]) and
Fa(X) = X — Int ([0,1]) {Int([0,1]) stands for the set of all
closed subinterval of [0,1] satisfies the condition

vxeX, supTa(x) + supla(x) + supFa(x) < 3.
Definition 2.3[3]:

Let U be an initial universe and E be a set of
parameters. IVFNS(U) denotes the set of all interval

valued fuzzy neutrosophic sets of U. Let AcE. A pair
(F,A) is an interval valued fuzzy neutrosophic soft set over
U, where F is a mapping given by F: A — IVFNS(U).
Note : Interval valued fuzzy neutrosophic soft set is
denoted by IVFNS set.

Definition 2.4[3]:

The complement of an INFNSS %F,A) is denoted
by (F,A)® and is defined as (F,A)° = (F°, |A) where F%: |A
— IVFNSS(U) is a mapping given by F°(e) = <X, Fre)(X),
(Ire)(X))’, Fre(x) > for all xeU and ee—A, (g g(X))° =

o) =[1- 1F(e)(x). 1- 1F@e) (¥ ]

Definition 2.5[3]:
The union of two IVFNSS (F,A) and (G,B) over a
universe U is an IVFNSS (H,C) where C = AUB,VeeC.

h
, if ee A-B
TEe) M1 Ee) ™M Fre ™
N h
He(e) = { , ifeeB-A
N ONEINON I
h
, if ee AnB
Tiite) ™ 1 0y i oy
where
Taralh) = max{Te (), Tarns (R ,
Igey(h) = maxfla;. Eh),flﬁ:.’h;(hj-},
Fara(h) = min{F a5 (h),F i ()}

Definition 2.6[3]:
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The intersection of two IVFNSS (F,A) and (G,B)
over a universe U is an IVFNSS (H,C) where
C =AuB,VeeC.

h
TEe) M) W PR ™
h
c(e) = )
T6e) ™ 'G(e) M FG(e) ™

h
, if ee AnB
Tae) M 1) M Fiae) ™

if eec A-B

I

if eeB-A

where
Taro(h) = min{T s, (h), Tr" (RN
I,:, ) = min{ls, [8 P (ﬂ)}
o (R) = max{Fz., (h), Frarm ()
3. INTERVAL VALUED FUZZY
NEUTROSOPHIC SOFT TOPOLOGY

Definition 3.1:

Let (Fa, E) be an element of IVFNS set over
(U,E),P(Fa, E) be the collection of all INFNS subsets of
(Fa,E). A sub-family © of P(Fa, E) is called an interval
valued fuzzy neutrosophic soft topology (in short IVFNS-
topology) on (Fa, E) if the following axioms are satisfied:

(1) (@, E), (Fa, E) €.
(i) LA B kKyr implies U (1X,8)er
S

(iii) If (fa, E), (ga, E) et then (fa, E) N (ga, E) €7.

Then the pair ((Fa, E),t) is called interval valued fuzzy
neutrosophic soft topological space (IVFNSTS). The
members of t are called t-open IVFNS sets or open sets

where oa:A—IVENS(U) is defined as
oae) = {<x, [0,0],[0,0],[1,1]>:xeU, VeeA} and
Fa:A—IVENS(U) is defined as

Fa (e) = {<x, [1,1],[1,1],[0,0]>:xeU, VeeA}.

Example 3.2:

Let U:{hl, h2, h3}, E= {el, €, €3, e4}, A= {el, €, ea}.

(FAv E) = {el :{<h1 [111]! [111}1 [O:O]>1

<h, [1,1], [1,1], [0,0]>, <hs [L,1], [1.1], [0,0]>}

{e,={<h, [1,1], [1,1], [0,0]>, <h, [L,1], [1,1], [0,0]>,
<hs [1,1], [1,1], [0,0]>}

{es={<h, [L1,1], [1,1], [0,0]>, <h, [L,1], [1,1], [0,0]>,
<hs [1,1], [1,1], [0,0]>}

(pa E) ={e1={<h [0,0], [0,0], [1,1]>,

<h, [0,0], [0,0], [1,1]>, <h;[0,0], [0,0], [1,1]>}

{eZ :{<h1 [010]1 [010]1 [1!1]>1 <h2 [010]1 [010]! [l,l]>,

<h; [0,0], [0,0], [1,1]>}
{es={<h; [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]>,

<h3 [0!0]! [010]1 [1,1]>}
( f1.E) = {e;={<h, [0.5,0.6], [0.4,0.5], [0.2,0.3]>,
<h, [0.4,0.5], [0.5,0.6], [0.0,0.1]>, <h3[1,1], [1,1], [0,0]>}
{e,={<h; [0.4,0.5], [0.5,0.6], [0.2,0.3]>,
<h, [0.4,0.5], [0.7,0.8], [0,0]>, <h; [0,0], [0,0], [1,1]>}
{es={<h; [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]>,
<h3 [O!O]! [0,0], [1’l]>}
(2 E) = {e1={<h, [0.3,0.4], [0.5,0.6], [0.1,0.2]>,
<h, [0.6,0.7], [0.5,0.6], [0.2,0.3]>, <hs[1,1], [1,1], [0,0]>}
{e,={<h; [0.2,0.3], [0.4,0.5], [0.0,0.1]>,
<h, [1,1], [1,1], [0,0]>, <hs [0,0], [0,0], [1,1]>}
{es={<h; [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]>,
<h3 [070]1 [010]1 [111]>}
(£ E) ={e,={<h, [0.3,0.4], [0.4,0.5], [0.2,0.3]>,
<h, [0.4,0.5], [0.5,0.6], [0.2,0.3]>, <hs [1,1], [1,1], [0,0]>
{e,={<h; [0.2,0.3], [0.4,0.5], [0.2,0.3]>,
<h, [0.4,0.5], [0.7,0.8], [0,0]>, <h; [0,0], [0,0], [1,1]>}
{es={<h; [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]>,
<h3 [070]1 [010]1 [111]>}
(. E)={e.={<h, [0.5,0.6], [0.5,0.6], [0.1,0.2]>,
<h, [0.6,0.7], [0.5,0.6], [0.0,0.1]>, <hs[1,1], [1,1], [0,0]>}
{e,={<h; [0.4,0.5], [0.5,0.6], [0.0,0.1]>,
<h, [1,1], [1,1], [0,0]>, <h; [0,0], [0,0], [1,1]>}
{es={<h; [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]>,
<h; [0,0], [0,0], [1,1]>}.
={(oa B, Fa B, ( fo B, ( f7 B,
(f2E) (fi E)} of P(Fa E) is a IVFNS topology on
(Fa, E) and ((Fa, E), 7) is an interval valued fuzzy
neutrosophic soft topological space.

Note: The subfamily ©,={(pa, E), (Fa, E), ( fa E),
(f2E), (2 E)} of P(Fa, E) is not an interval valued
fuzzy neutrosophic soft topology on (Fa, E) since the union
(frE)u( 2 E)=(f, E)does not belong to t,.

Here

Definition 3.3:

As every IVENS topology on (Fa, E) must contain
the sets (pa, E) and (Fa, E), so the family 1={(pa, E),
(Fa, E)} forms an IVFENS topology on (Fa, E). This
topology is called indiscrete IVFNS- topology and the pair
((Fa, E), 1) is called an indiscrete interval valued fuzzy
neutrosophic soft topological space.
Theorem 3.4:

Let {t;; iel} be any collection of IVFNS-topology

on (Fa, E). Then their intersection ﬂri is also a topology
iel

on (Fa, E).
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Proof:
M Since (¢a, E), (Fa, E) er; for each iel, hence

(oa. E). (Fa B) [ )7; -

iel
i)  Let {(fX,E)/k e K}be an arbitrary family of
interval valued fuzzy neutrosophic soft sets where
(fSE) e ﬂfi for each keK. Then for each iel ,
iel
(f,E)er; for keK and since for each iel, 7 is an

topology, therefore U(f: , E) et; for each iel. Hence

keK
UL E) ez -
keK iel
(iii)  Let (fa, E), (ga, E) € ﬂri , then (fa, E) and

iel
(ga, E) e for each iel and since t; for each iel is an
topology, therefore (fa, E) N (ga, E) et for each iel.

Hnece (fa, E) n (9a, E) € ﬂz‘i .Thus ﬂz‘i satisfies all
iel iel
the axioms of topology. Hence ﬂri forms a topology.
iel
But the union of topologies need not be a topology, which
is shown in the following example.

Remark 3.5:
The union of two IVFNS — topology may not be a
IVENS- topology. If we consider the example 3.2 then the

subfamilies ©, ={(pa, E), (Fa, E), ( f 1 E)} and ©,={(¢a, E),
(Fa, E), ( fA2 ,E)} are the topologies in (Fa, E). But their

union 3%, ={(¢a. E), (Fa, E), (f1,E), (7 E)} is not a
topology on (Fa, E).

Definition 3.6:

Let ((Fa, E),t) be an IVFNS-topological space
over (Fa, E). An IVFNS subset (fa, E) of (Fa, E) is called
interval valued fuzzy neutrosophic soft closed (IVFNS
closed) if its complement (fa, E)® is a member of <.

Example 3.7:
Let us consider example 3.2, then the IVFNS

closed sets in ((Fa, E),t) are

((PA’ E)C = {el :{<hl [111]1 [1!1]’ [010]>|

<h, [1,1], [1,1], [0,0]>, <hs [1,1], [1,1], [0,0]>}
{e,={<h; [1,1], [1,1], [0,0]>, <h; [1,1], [1,1], [0,0]>,
<h; [1,1], [1,1], [0,0]>}

{e;={<h; [1,1], [1,1], [0,0]>, <h, [1,1], [1,1], [0,0]>,
<hs [1,1], [1,1], [0,0]>}

(FAv E)C = {el :{<h1 [010]1 [010]1 [111]>:

<h; [0,0], [0,0], [1,1]>, <h; [0,0], [0,0], [1,1]>}

{e,={<h; [0,0], [0,0], [1,1]>, <h; [0,0], [0,0], [1,1]>,

<h3 [0,0], [O!O]! [1,l]>}

{e;={<h; [0,0], [0,0], [1,1]>, <h; [0,0], [0,0], [1,1]>,

<hs [0,0], [0,0], [1.1]>}

( f1,E)° = {e;={<h, [0.2,0.3], [0.5,0.6], [0.5,0.6]>,

<h, [0.0,0.1], [0.4,0.5], [0.4,0.5]>, <h; [0,0], [0,0], [1,1]>}
{e,={<h; [0.2,0.3], [0.4,0.5], [0.4,0.5]>,

<h, [0,0], [0.2,0.3], [0.4,0.5]>, <h;[1,1], [1,1], [0,0]>}
{es={<h; [1,1], [1,1], [0,0]>, <h; [1,1], [1,1], [0,0]>,

<hs [1,1], [1,1], [0,0]>}

(2 E)°={e;={<h, [0.1,0.2], [0.4,0.5], [0.3,0.4]>,

<h, [0.2,0.3], [0.4,0.5], [0.6,0.7]>, <hs [0,0], [0,0], [1,1]>}
{e,={<h,; [0.0,0.1], [0.5,0.6], [0.2,0.3]>,

<h, [0,0], [0,0], [1,1]>, <hs [1,1], [1,1], [0,0]>}

{e;={<h; [1,1], [1,1], [0,0]>, <h; [1,1], [1,1], [0,0]>,

<hs [1,1], [1,1], [0,0]>}

( fA3 E)* = {e; ={<h; [0.2,0.3], [0.5,0.6], [0.3,0.4]>,
<h, [0.2,0.3], [0.4,0.5], [0.4,0.5]>, <h; [0,0], [0,0], [1,1]>}
{e,={<h; [0.2,0.3], [0.5,0.6], [0.2,0.3]>,

<h, [0,0], [0.2,0.3], [0.4,0.5]>, <h3 [1,1], [1,1], [0,0]>}
{es={<h; [1,1], [1,1], [0,0]>, <h, [1,1], [1,1], [0,0]>,

<hs [1,1], [1,1], [0,0]>}

(2 E)°={e;={<h, [0.1,0.2], [0.4,0.5], [0.5,0.6]>,

<h, [0.0,0.1], [0.4,0.5], [0.6,0.7]>, <hs [0,0], [0,0], [1,1]>}
{e,={<h; [0.0,0.1], [0.4,0.5], [0.4,0.5]>,

<h, [0,0], [0,0], [1,1]>, <hs [1,1], [1,1], [0,0]>}

{es={<h; [1,1], [1,1], [0,0]>, <h, [1,1], [1,1], [0,0]>,

<h; [1,1], [1,1], [0,0]>} are the interval valued fuzzy
neutrosophic soft closed sets in ((Fa, E),7).

Theorem 3.8:
Let ((Fa, E),r) be an interval valued fuzzy
neutrosophic soft topological space over (Fa, E). Then
(i) (pa, E)° (Fa, E)° are interval valued fuzzy
neutrosophic soft closed sets.
(ii) The arbitrary intersection of interval valued fuzzy
neutrosophic soft closed sets is interval valued fuzzy
neutrosophic soft closed set.
(iii) The union of two interval valued fuzzy
neutrosophic soft closed sets is an interval valued
fuzzy
neutrosophic closed set.

Proof:

0] Since (pa, E), (Fa, E) et implies (pa, E)°and (Fa,
E)®are closed.
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i) Let{(f),E)/k € K} be an arbitrary family of
IVENS closed sets in ((Fa, E),x) and let (fa, E) =

[(fx E).Now (fa E)°= (ﬂ(f:,E)j

keK keK
:U(fA'\‘,E)C and (fs,E)° er for each keK, so
keK

U(f,l‘,E)C et. Hence (fa, E)°et. Thus (fa, E) is
keK

IVFNS closed set.
(iii)  Let {f,i, E)/i1=123,...n} be a finite family of
IVENS closed sets in ((Fa, E)r) and let

(00 B)=UJ(TLE

Now (gA,E)C:(O(fj\,E)j :(n](f,;,E)c and

n

(fi,E)er. S0 ﬂ(f,;, E)° €7. Hence (ga, E)°er.
i=1

Thus (ga, E) is an IVFNS closed set.

Remark 3.9:
The intersection of an arbitrary family of
IVFNS — open set may not be an IVFNS- open and the
union of an arbitrary family of IVFNS closed set may not
be an IVFNS closed.
Let us consider U= {hy,h,.h3}; E = {e1,6,,63,64},
A ={e;ezes}and let
(Fa, E) ={e:={<h, [1,1], [1,1], [0,0]>,
<h, [1,1], [1,1], [0,0]>, <hs [1,1], [1,1], [0,0]>}
{e2={<h, [1.1], [1,1], [0,0]>, <h; [1,1], [1,1], [0,0]>,
<hs [1,1], [1,1], [0,0]>}
{e;={<h; [1,1], [1,1], [0,0]>, <h, [1,1], [1,1], [0,0]>,
<hz [1,1], [1,1], [0,0]>}
((P/-\a E) = {el :{<h1 [0,0], [0,0], [1,l]>,
<h, [0,0], [0,0], [1,1]>, <h;3[0,0], [0,0], [1,1]>}
{e,={<h; [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]~,
<h;3 [0,0], [0,0], [1,1]>}
{63 :{<hl [0,0], [0,0], [1!1]>1 <hZ [0,0], [O!O]! [111]>u
<h;3 [0,0], [0,0], [1,1]>}
For each neN, we define

h
sl
(fp E)= e, - < n

N |~

1
2

N |-

J243)

n, 1] [11 [oo> (n,lo0} o0} bt

e P )
<h 2[0,0, 0,0 ,[1,1]> < h[0.0]0.0] [1,1]>
< [0.0][0.0] 1,1> <h2 0.0} [0.0] [1,1]>,
| balbolts)

We observe that t = {(Fa, E), (¢a, E), (fﬂ, E) }isa
IVFNS topology on (Fa, E).

But ﬁ(fA” , E) ={e, ={<h; [0,0], [0,0], [0.5,0.5]>,

<h, [1,1],[1,1],[0,0]>, <h3[0,0], [0,0], [1,1]>}

{e,={<h; [0,0], [0,0], [0.33,0.33]>, <h; [0,0], [0,0], [1,1]>,
<h; [0,0], [0,0], [1,1]>}

{e;={<h; [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]>,

<h; [0,0], [0,0], [1,1]>}} is not an IVFNS-open set in
IVENS topological space ((Fa, E),1) since

(](fAn ,E) 2.
n=1
The IVFNS closed sets in the IVFNS topological space

(Fa E)1) are (Fa EX(oa EF and (f,.E)°
for (n=1,2,3...).

But O(f;, E) ={e; ={<h; [0.5,0.5], [1,1], [0,0]>,

<h; [0,0],[0,0],[1,1]>, <hs [1,1], [1,1], [0,0]>}
{e,={<h,[0.33,0.33], [1,1], [0,0] >, <h, [1,1], [1,1], [0,0]>,
<h; [1,1], [1,1], [0,0]>}

{63 :{<hl [1’111 [1!1]’ [0,0]>, <hZ [111}1 [1!1]! [010]>u

<h; [1,1], [1,1], [0,0]>} is not an IVFNS-closed set in

IVFNS topological space ((Fa, E),t), since U (fA E) et
n=1

Definition 3.10:

Let ((Fa, E), t1) and ((Fa, E), t2) be two IVFNS
topological spaces. If each (fa,E)et; implies (fa,E)ety,
then 1, is called interval valued fuzzy neutrosophic soft
finer topology than t; and t; is called interval valued fuzzy
neutrosophic soft coarser topology than ..
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Example 3.11:
If we consider the topologies t1={(@a, E), (Fa, E),

( fa B, (f2 B, (2B (i B} as in

example 3.2 and ©,={(¢a, E), (Fa, E), ( f.E).( f 2,E)} on
(Fa,E). Then 1, is interval valued fuzzy neutrosophic soft
finer than 1, and 7, is interval valued fuzzy neutrosophic
soft coarser topology than 1.

Definition 3.12:

Let ((Fa, E), 7) be an IVFNS topological space of
(Fa, E) and 3B be a subfamily of <. If every element of t
can be expressed as the arbitrary interval valued fuzzy
neutrosophic soft union of some element of $B, then B is
called an interval valued fuzzy neutrosophic soft basis for
the interval valued fuzzy neutrosophic soft topology .

Example 3.13:
In example 3.2 for the topology t={(¢a, E), (Fa,

E), (f1.E), (fZ2.E),(f2E).(fi E)}thesubfamily

B ={(oa E), (Fa B), (fo.E), (T .E), (f7E)} of
P(Fa,E) is a basis for the topology t.

Definition 3.14:

Let t be the IVFENS topology on (FaE) €
IVENS(U,E) and (fa,E) be an IVFNS set in P(Fa,E) is a
neighborhood of a IVFNS set (ga,E) if and only if there
exist an t-open IVFNS set (ha,E) ie., (ha,E)et such that

(9a.E)c (ha,E)c (fa,E).

Example 3.15:

Let U={hy, h,, ha}, E = {ey, €5, €3, €4}, A ={es}.In
an IVFNS topology 1={(¢a, E), (Fa, E), (ha,E)} where
(F/-\a E) = {el :{<h1 [111]1 [1!1]7 [010]>1
<h, [1,1], [1,1], [0,0]>, <hs [1,1], [1,1], [0,0]>}

(pa, E) = {e1={<h, [0,0], [0,0], [1,1]>,

<h, [0,0], [0,0], [1,1]>, <h5 [0,0], [0,0], [1,1]>}

(ha, E) ={e;={<h; [0.4,0.5], [0.5,0.6], [0.4,0.5]~>,

<h, [0.3,0.4], [0.4,0.5], [0.5,0.6]>,

<h; [0.4,0.5], [0.3,0.4], [0.1,0.2]>}}.

The IVFNS set

(fa, E) = {e, ={<h, [0.5,0.6], [0.6,0.7], [0.2,0.3]>,

<h, [0.3,0.4], [0.4,0.5], [0.5,0.6]>,

<h; [0.4,0.5], [0.4,0.5], [0,0.1]>} is a neighbourhood of the
IVENS set

(ga, E) ={e;={<h; [0.3,0.4], [0.4,0.5], [0.4,0.5]>,

<h, [0.1,0.2], [0.2,0.3], [0.6,0.7]>,

<h;3 [0.4,0.5], [0.2,0.3], [0.3,0.4]>}}

because there exist an t-open IVFNS set (ha,E) such that
(9a.E)c (ha,E)c (fAE).

Theorem 3.16:

A IVENS set (fa,E) in P(Fa,E) is an open IVFENS
set if and only if (fa,E) is a neighbourhood of each IVFNS
set (ga,E) contained in (fa,E).

Proof:

Let (fa,E) be an open IVFNS set and (ga,E) be
any IVFNS set contained in (fa,E). Since we have (ga,E)c
(ha,E)c (fa,E) , it follows that (fa,E) is a neighbourhood of
(ga,E). Conversely let (fa,E) be a neighbourhood for every
IVFNS set contained in it. Since (fa,E)<(fa,E) there exist
an open IVENS set (ha,E) such that (fa,E)< (ha,E)< (fa,E).
Hence (ha,E) = (fa,E) and (fa,E) is open.

Definition 3.17:

Let ((Fa, E), 1) be an interval valued fuzzy
neutrosophic soft topological space on (Fa, E) and (fa,E)
be a IVFENS set in P(FaE). The family of all
neighbourhoods of (fa,E) is called the neighbourhood

system of (fa,E) up to topology and is denoted by N(fA'E).

Theorem 3.18:
Let ((Fa, E), t) be an interval valued fuzzy

neutrosophic soft topological space. If N(fAYE) is the

neighbourhood system of an IVFNS set (fa,E). Then
(i) Finite intersections of members of N(fA’E) belong to

N

(fa.E)
(ii) Each interval valued fuzzy neutrosophic soft set which
contains a member of N ¢ belongsto N

Proof:
(i) Let (ga,E) and (ha,E) are two neighbourhoods of

(faE) , so there exist two open sets (g).E) ,
(hs, E) such that (fa,E)c (9'a, E) =(9a.E) and (fa.E)c
(h, E) =(haE).

Hence (faE)c (9. E) N (hjx, E) = (GaE)n (haE)
and (g5, E) n(hly, E)is open. Thus (ga,.E) (haE) isa

neighbourhood of (fa,E).
(ii) Let (ga,E) is a neighbourhood of (fa,E) and (ga,E)c

(haE), so there exist an open set (g,,E), such that
(faE)c (0 n, E) <(@aE). By hypothesis (gaE)c (haE),
50 (faE)c (U, E) <(@aE)c (haE) which implies that
(faE)c (94, E) <(haE) and hence (haE) is a
neighbourhood of (fa,E).

Definition 3.19:
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Let ((Fa, E), t) be an interval valued fuzzy
neutrosophic soft topological space on (Fa, E) and (fa,E) ,
(ga,E) be IVENS sets in P(Fa,E) such that (ga,E)c (fa,E).
Then (ga,E) is called an interior IVENS set of (fa,E) if
and only if (fa,E) is a neighbourhood of (ga,E).

Definition 3.20:

Let ((Fa, E), t) be an interval valued fuzzy
neutrosophic soft topological space on (Fa,E) and (fa,E)
be an IVFNS set in P(Fa,E). Then the union of all interior
IVENS set of (fa,E) is called the interior of (f4,E) and is
denoted by int(fa,E) and defined by int(fa,E) = u{(ga,E)/
(fa,E) is a neighbourhood of (ga,E)}

Or equivalently int(fa,E)=U{ (ga,E)/ (9a,E) is an IVFNS
open set contained in (fa,E)}.

Example 3.21:

Let us consider the IVFNS topology t={(pa, E),
(Fa E), (T4E), (f2.E), (T2 E).(f) E)}asinexample
3.2 and let
(fa, E) = {e;={<h, [0.4,0.5],[0.6,0.7], [0.1,0.2]>,
<h, [0.7,0.8], [0.6,0.7], [0.1,0.2]>, <h; [1,1], [1,1], [0,0]>}
{e, ={<h; [0.3,0.4], [0.5,0.6], [0,0.1]>, <h, [1,1], [1,1],
[0,0]>, <h; [0,0], [0,0], [1,1]>}
{es={<h, [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]>, <hs
[0,0], [0,0], [1,1]>} be an IVFNS set.
Then int(fa,E) = w{ (ga,E)/ (9a,E) is an IVFNS open set

contained in (s E)} = (f2 E)u (f2E)=(f? E).
since ( f/ E)c (faE) and ( f E) <(faE).

Theorem 3.22:

Let ((Fa, E), t) be an interval valued fuzzy
neutrosophic soft topological space on (Fa,E) and (fa,E) be
an IVFNS set in P(Fa,E). Then

(i) int(fa,E) is an open and int(fa,E) is the largest
open IVENS set contained in (fa,E).
(if) The IVENS set (fa,E) is open if and only if (f,E)
= int(fa,E).
Proof: Proof follows form the definition.

Proposition 3.23:

For any two IVFNS sets (fa,E) and (ga,E) is an
interval valued fuzzy neutrosophic soft topological space
((Fa, E), T) 0n P(Fa, E) then
Q) (9a,.E)< (fa,E) implies int(ga,E)< int(fa,E).

(i) int(pa,E) = (pa,E) and int(Fa,E) = (Fa,E).
(iii)  int(int(fa,E)) = int(fa,E).

(iv)  int((ga,E) (fa,E)) = int(ga,E)nint(fa,E).
(v)  int((gaE)u (fa,E)) 2 int(ga,E)uint(fa,E).

Proof:

Q) Since (ga,E)c (fa,E) implies all the IVFNS — open
set contained in (ga,E) also contained in (fa,E). Therefore

{(9,,E)/ (g, E) is an IVFNS open set contained in

@aE)}c {(fL,E)/(f,,E) is an IVFNS open set
contained in (fa,E)}. So int(ga,E)< int(fa,E).

(i) Proof is obvious.

(iii) int(int (fa,E)) = U{ (9a.E)/ (9a,E) is an IVFNS
open set contained in int(fa,E)} and since int(fa,E) is the
largest open IVFNS sset contained in int(fa,E), Therefore
int(int(fa,E)) = int(f,E).

(iv) Since int (ga,E)c (ga,E) and int (fa,E)c (fa,E),
we have int (ga,E) nint (fa,E) < (9a,E) N (fa,E)----(1)
Again since (ga,E) N (fa,E) < (9a,E) and (ga,E) N (faE)c
(fa,.E) we have int ((ga,E) N (fa,E))cint (ga,E) and int
((ga,E)  (fa,E))cint  (fa,E). Therefore int((ga,E)m
(fa,E))c int (ga,E)nint (fo,E) ------ (2). From (1) and (2)
int((ga,E)N (fa,E))=int (ga,E)Nint (fa,E).

v) Since (9aBE)c (GaBE)v (faE) and (faE)c
(9aB)u (faE) so int(gaE) < int((gaE)u(fa,E)) and
int (fa,E)cint((ga,E)u(fa,E)). Hence int(ga,E)uint (fa,E)c
int((gaE)v (fa.E).

Definition 3.24:

Let ((Fa, E), t) be an IVFNS topological space on
(Fa,E) and let (fa,E), (ga,E) be two IVENS set in P
(Fa,E). Then (ga,E) is called an exterior IVFNS set of
(fa,E) if and only if (ga,E) is an interior IVFNS set of the
complement (fa,E).

Definition 3.25:

Let ((Fa, E), t) be an interval valued fuzzy
neutrosophic soft topological space on (Fa,E) and (fa,E) be
an IVENS set in P (Fa,E). Then the union of all exterior
IVENS set of (fa,E) is called the exterior of (fa,E) and is
denoted by ext (fa,E) and is defined by ext
(fa,E)={ (gaE) / (fa,E)° is a neighbourhood of (ga,E)}.
That is from definition ext (fa,E) = int((fa,E)°).

Proposition 3.26:

For any two IVFNS sets (fa,E) and (ga,E) in an
interval valued fuzzy neutrosophic soft topological space
((Fa, E), ) on P(Fa,E) then

(i) ext (fa,E) is open and is the largest open set
contained in (fa,E)°.

(ii) (fa,E)is open if and only if (fo,E) = ext (fa,E).

(iii) (ga,E)< (fa,E) implies ext (fa,E)cext (ga,E).

(iv) ext((ga,E) (fa,E))2ext (ga.E)ext (fa,E).

(v) ext((ga,E)v (fa,E))=ext (ga,E)mext (fa,E).

Proof:
Proofs are straight forward.
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Definition 3.27:

Let ((Fa, E), 1) be an interval valued fuzzy
neutrosophic soft topological space on (Fa,E) and (fa,E) be
an IVFNS set in P(Fa,E). Then the intersection of all
closed IVFNS set containing (fa,E) is called the closure of
(fa,E) and is denoted by cl (fa,E) and defined by cl
(fa,E)={ (9a.E) (ga,E) is a IVFNS closed set containing
(fa,E)}. Thus cl (fa,E) is the smallest IVFNS closed set
containing (fa,E).

Example 3.28:
Let us consider an

neutrosophic soft topology t={(pa, E), (Fa, E), ( f,i,E),

(f2.E), (f2E) (f) E)}asinexample 3.2 and let

(fa, E) = {e1={<h;[0.1,0.2], [0.3,0.4], [0.5,0.6]>,

<h, [0,0.1], [0.4,0.5], [0.7,0.8]>, <h; [0,0], [0,0], [1,1]>}
{e, ={<h; [0,0], [0.4,0.5], [0.6,0.7]>, <h, [0,0], [0,0],
[1,1]>, <hs[1,1], [1,1], [0,0]>}

{e3 ={<h1 [1!1]! [111]1 [010]>: <h2 [1!1]! [1,1], [O!O]>1

<h; [1,1], [1,1], [0,0]>} be an IVFNS set.

Then cl(fa,E) =n{ (ga.E)/ (ga,E) is a IVFNS closed set

containing (Fa,E)} = (A, EX° (1 E)°= (f. E)
since (fa,E)c ( f1,E)°and (fa,E)c ( . E)°

interval valued fuzzy

Proposition 3.29:
For any two IVFNS sets (fa,E) and (ga,E) is an interval
valued fuzzy neutrosophic soft topological space
((Fa, E), 7) on P(Fa, E) then
(1 cl (fa,E) is the smallest IVFNS closed set
containing (fa,E).
(i) (fa,E) is IVFNS closed if and only if (fa,E) = cl
(fa.E)
(iii)  (9a,E)c (faE) implies cl(ga,E)< cl(fa,E).
(iv)  cl(cl(fa,E)) = cl(fa,E).
(v) cl(eaE) = (9a,E) and cl(Fa,E) = (Fa,E).

(vi)  cl((ga.E)v (faE)) = cl(ga,E)cl(faE).
(vii) - cl((gaE)n (fa.E)) < cl(ga,E)cl(fa,E).
Proof:

(i) and (ii) follows from the definition.
(iii) Since (ga,E)c (fa,E) implies all the closed set
containing (faE) also contain (9a.E).

Therefore ~ { (g, E)/ (94, E) is an IVFNS closed set
containing (ga,E)}cn{ (f,,E)/ (f,,E) is an IVFNS
closed set containing (fa,E)}. So cl (ga,E)<cl (fa,E).

(iv) clicl (fa,E)) = n{ (ga,E) (ga,E) is an IVFNS
closed set containing cl (fa,E)} and since cl (fa,E) is the

smallest closed IVFNS set containing cl (fa,E). Therefore
cl(cl (fa,E)) = cl (fa,E).

v) Proof is obvious.

(vi) Since cl(ga,E) 2 (ga,.E) and cl(fa,E)2 (fa,E), we
have cl(ga,E)ucl (fa,E)2> (9aE)u (fa,E). This implies
cl(ga,E)ucl(fa,E)2 cl((ga,E)v (fa,E)) ----- (1). And since
OaB)v (faE)2 (9aE) and  (gaE)v (faE) = (faE) so
cl((9aE)(fa,E))2cl(9a,E) and cl((gaE)(faE))=cl(faE).
Therefore cl((ga,E)(fa,E))ocl(ga.E)cl(fa,E)-----(2).
Form (1) and (2) cl(ga,E)ucl(fa,E) = cl(ga,E)u cl(fa,E).
(vii)  Since (gaE) 2 (@aE)n (faE) and (faE)>
(GaE)n (fAE) so ¢l (9a.E)=cl((9a.E)N(faE)) and
cl(faE)=cl((9aE)(faE)).

Hence cl ((ga,E)cl(fa,E)=cl((ga,E)N(fa,E)).

Theorem 3.30:

Let ((Fa, E), 1) be an interval valued fuzzy
neutrosophic soft topological space on (Fa,E) and (fa,E) be
an IVFENS set in P(FaE). Then the collection

interval valued fuzzy neutrosophic soft topology on the
interval valued fuzzy neutrosophic soft set (fa,E).

Proof:

(i) Since (¢a, E), (Fa E) et , (fa, E)= (fa, E)n
(Fa, E) and (@a, E),= (fa, E) (@a, E). Therefore

(par ), (fa E) €.

(i) Let {(f,IA' E)/i=123,...n}be a finite family of

IVFNS open sets in T(fA E) then for each i=1,2,3..n

there exist (gk,E)er such that (fA,E) = (fa, E)n

(g} E) Now () (f1.E)=
i-1

n . n .
ir_11[(1°,¥E)m(g'A, E) = (fa, E)m(i Qtlg'A,E]J and

no . n .
- i i
since ( Q[gA’ E]j €T S0 .ﬂ (fA, E) €T(fpE)"
i)  Let{(fX,E)/k € K} be an arbitrary family of
interval valued fuzzy neutrosophic soft open sets in
T(fpE)" then for each keK, there exist (g%, E) et such

that (5, E)=(fa, E)~ (9}, E)

Now (J(FAE) = U((FLE)n (gl E))
(fA,E)mU(gf\,E)andsince U(g,‘:,E)er.
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So U(f:,E) €T(fpE)-

keK

Definition 3.31:

Let ((Fa, E), t) be an IVFNS topological space on
(Fa, E) and (fa, E) be an IVENS set in P(Fa, E). Then the
IVENS topology.

7(fpE) = {TAB) (a0 E)(gp E) e} s called

interval valued fuzzy neutrosophic soft subspace topology
(IVENS subspace topology) and ((fa, E), T(fA E)) is

called interval valued fuzzy neutrosophic soft subspace of
((FAI E)! T)'

Example 3.32:

Let us consider the interval valued fuzzy

neutrosophic soft topology t={(¢a, E), (Fa, E), ( f,i,E),

(f2.E), (f2E) .(f) E)} asin the example 3.2 and an

IVFNS-set
(fa,E)={e;={<h,[0.2,0.3],[0.3,0.4],[0,0.1]>,
<h,[0.5,0.6],[0.4,0.5], [0.1,0.2]>,

<h; [0.2,0.3], [0.5,0.6], [0.6,0.7]>}

{e,={<h; [0.3,0.4], [0.5,0.6], [0.1,0.2]>,

<h, [0.4,0.5], [0.6,0.7], [0.2,0.3]>,

<h; [0.4,0.5], [0.4,0.5], [0.2,0.3]>}

{e;={<h; [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]>,
<h; [0,0], [0,0], [1,1]>} be an IVFNS set

(fa, E)N (Fa, E) = (fa, E)

(fa E) (@a, E) = (@a, E)

(fa )N (f4.E) = (9 E) =
{e1={<h,[0.2,0.3],[0.3,0.4],[0.2,0.3]>,
<h,[0.4,0.5],[0.4,0.5], [0.1,0.2]>,

<h;3 [0.2,0.3], [0.5,0.6], [0.6,0.7]>}

{e,={<h; [0.3,0.4], [0.5,0.6], [0.2,0.3]>,

<h, [0.4,0.5], [0.6,0.7], [0.2,0.3]>, <h3 [0,0], [0,0], [1,1]>}
{63 :{<h1 [010]1 [010]1 [1!1]>1 <h2 [010]1 [010]! [l,l]>,
<h3 [0,0], [0,0], [1,1]>}

(fa BN (f1 E)=(g7.E)=
{e:={<h,[0.2,0.3],[0.3,0.4],[0.1,0.2]>,
<h,[0.5,0.6],[0.4,0.5], [0.2,0.3]>, <h; [0.2,0.3], [0.5,0.6],
[0.6,0.7]1>}

{e,={<h; [0.2,0.3], [0.4,0.5], [0.1,0.2]>,

<h, [0.4,0.5], [0.6,0.7], [0.2,0.3]>, <h3 [0,0], [0,0], [1,1]>}
{e3 :{<h1 [010]1 [010]1 [171]>1 <h2 [010]1 [070]7 [111]>1
<h;3 [0,0], [0,0], [1,1]>}

(fa E)N (f7E)=(gR.E) =
{e:={<h,[0.2,0.3],[0.3,0.4],[0.2,0.3]>,
<h,[0.4,0.5],[0.4,0.5], [0.2,0.3]>,

<h;3[0.2,0.3], [0.5,0.6], [0.6,0.7]>}

{e,={<h, [0.2,0.3], [0.4,0.5], [0.2,0.3]>,
<h, [0.4,0.5], [0.6,0.7], [0.2,0.3]>, <h;3 [0,0], [0,0], [1,1]>}
{es={<h; [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]>,

<h; [0,0], [0,0], [1,1]>}

(fa BN (fa E)=(g4.E) =
{e,={<h,[0.2,0.3],[0.3,0.4],[0.1,0.2]>,
<h,[0.5,0.6],[0.4,0.5], [0.1,0.2]>,

<h; [0.2,0.3], [0.5,0.6], [0.6,0.7]>}

{e,={<h, [0.3,0.4], [0.5,0.6], [0.1,0.2]>,

<h, [0.4,0.5], [0.6,0.7], [0.2,0.3]>, <h; [0,0], [0,0], [1,1]>}
{e;={<h; [0,0], [0,0], [1,1]>, <h, [0,0], [0,0], [1,1]>,

<h3 [0,0], [0,0], [1,1]>}

Thus 7¢ gy = {loa E). (Fa E). (G} E). (97 .E)

(gf\,E) ( gi,E)} is an interval valued fuzzy neutrosophic
soft subspace topology for t and ((fa, E), T(fA’E)) is

called interval valued fuzzy neutrosophic soft subspace of
((FAI E)v T)'

Theorem 3.33:

Let (na,E), ) be a IVFNS topological subspace
of ((¢a ,E),) and let ((€a ,E),t®) be a IVFNS topological
subspace of ((Fa, E), 7). Then ((na,E), t¥) is also an IVFNS
topological subspace of ((Fa, E), 7)..

Proof:

Since MaE) < (Ea ,E) = (Fa, E), (Na,E), %) is an
interval valued fuzzy neutrosophic soft topological

; ; - .1
subspace of ((Fa, E), 7). if and only if T(UA,E) =1 Let
( fr E) et*, now since ((aFE), t) is an IVFNS

topological subspace of ((éa ,E),°) ie., 1'2(77A,E) =1 s0

2 that

there  exist fZ E) et such
(frE) =maE)n (f2.E). But (€ ,E).?) is an IVFNS
topological subspace of ((Fa, E), t).Therefore there exist
(fa, E) et such that ( f 2 ,E) =(€a,E) (fa,E). Thus ( T, ,E)
=maE)N ( f2 B = aBN (G BN (faB)

- 1 L 1
=MmaE)N (fAE). So ( f, E)e (1) implies t'c

“(na ) )
Now assume, (ga, E) € T(nA,E) ie., there exist (haE) et
such that (ga,E) = Ma,E) (ha,E) . But
(& E)N (MaE) 7, gy =0 (MABE) (6 E)
(haB) = MaBE)n (haE) = (9aB).

We have
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(9aE) et implies ") e (2). From (1) and

(2)t'= T E)" Hence the proof.

Theorem 3.34:

Let ((Fa, E), 7).be an IVENS topological space of
(Fa, E). B be an basis for t and (fa, E) be an IVFNS set in
P(Fa, E). Then the family

IVENS basis for subspace topology 7 fp.E)"

Proof:
Let (ha,E) € T(fA:E) , then there exist an IVFNS

set (ga, E) e, such that (ha,E) = (fa, E) (ga, E). Since B
is a base for 1, there exist sub-collection

{{(w}.E)/i e 1}of B, such that (ga, E) = | J (¥, E).

iel

Therefore (ha,E) = (fa, E)n (9a:E) =

(fa BN JWaB)) = J(Fa E)n(wa.E)) .
iel iel

since (f,,E)n(w,,E) e B(fAvE) implies

B(fA,E) is an IVFNS basis for the IVFNS subspace

topology T(foE) :

4, Conclusion

In this paper the notion of topological space in in-
terval valued fuzzy neutrosophic soft sets is introduced.
Further, some of its operators and properties of topology
in IVENS set are established.
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