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Abstract. In this paper we introduce the concept of in-
terval valued neutrosophic soft topological space together
with interval valued neutrosophic soft finer and interval
valued neutrosophic soft coarser topology. We also de-
fine interval valued neutrosophic interior and closer of an

interval valued neutrosophic soft set. Some theorems and
examples are cites. Interval valued neutrosophic soft sub-
space topology are studied. Some examples and theorems
regarding this concept are presented..
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1 Introduction

In 1999, Molodtsov [9] introduced the concept of soft
set theory which is completely new approach for modeling
uncertainty. In this paper [9] Molodtsov established the
fundamental results of this new theory and successfully

applied the soft set theory into several directions. Maji et al.

[7] defined and studied several basic notions of soft set
theory in 2003. Pie and Miao [11], Aktas and Cagman [1]
and Ali et. al. [2] improved the work of Maji et al [7]. The
intuitionistic fuzzy set is introduced by Atanaasov [4] as a
generalization of fuzzy set [15] where he added degree of
non-membership with degree of membership. Neutrosoph-
ic set introduced by F. Smarandache in 1995 [12].
Smarandache [13] introduced the concept of neutrosophic
set which is a mathematical tool for handling problems in-
volving imprecise, indeterminacy and inconstant data. Maji
[8] combined neutrosophic set and soft set and established
some operations on these sets. Wang et al. [14] introduced
interval neutrosophic sets. Deli [6] introduced the concept
of interval-valued neutrosophic soft sets.

In this paper we form a topological structure on inter-
val valued neutrosophic soft sets and establish some prop-
erties of interval valued neutrosophic soft topological
space with supporting proofs and examples.

2 Preliminaries

In this section we recall some basic notions rele-
vant to soft sets, interval-valued neutrosophic sets and in-
terval-valued neutrosophic soft sets.

Definition 2.1: [9] Let U be an initial universe and E be
a set of parameters. Let P(U) denotes the power set of U

and Ac E . Then the pair (f,A) is called a soft set
overU , where f isamapping givenby f : A— P(U) .

Definition 2.2: [13] A neutrosophic set A on the universe
of discourse U is defined as

A={(x,yA(x),yA(x),éA(x)):xGU} ,
Ha Va6, U >]170,17[
vxeU,

where

are functions such that the
condition: 0=, (X)+7,(x)+5,(x)<3" s
satisfied.

Here 1, (x),7,(x),5,(x) represent the truth-

membership, indeterminacy-membership and falsity-
membership respectively of the element xeU . From
philosophical point of view, the neutrosophic set takes the
value from real standard or non-standard subsets of

1°0,1'[ . But in real life application in scientific and

engineering problems it is difficult to use neutrosophic set
with value from real standard or non-standard subset of

170,1°[ . Hence we consider the neutrosophic set which
takes the value from the subset of [0,1].

Definition 2.3: [14] An interval valued neutrosophic set
A on the universe of discourse U is defined as

A={(x,yA(x),yA(x),éA(x)):er}
Ha Va0, U = Int]70,1°[ are functions such that the

, where
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condition:
VxelU,
satisfied.

“0<supu, (x)+supy, (x)+sups, (x)<3" s

In real life applications it is difficult to use
interval valued neutrosophic set with interval-value from

real standard or non-standard subset of Int(]'O,l*[) .

Hence we consider the interval valued neutrosophic set
which takes the interval-value from the subset

of Int([0,1]) (where Int([0,1]) denotes the set of all
closed sub intervals of [0,1]). The set of all interval valued

neutrosophic sets on U is denoted by IVNS(U).

Definition 2.4: [6] Let U be an universe set, E be a set of
parameters and A E . Let IVNs(U) denotes the set of all
interval valued neutrosophic sets of U . Then the pair

(f,A) is called an interval valued neutrosophic soft set
(IVNSs in short) over U , where f is a mapping given
by f : A— IVNs(U). The collection of all interval valued
neutrosophic soft sets over U is denoted by IVNSs(U).
Definition 2.5: [6] Let U be a universe set and E be a
set of parameters. Let( f,A),(g,B) e IVNSs(U ), where

f : A— IVNs(U) is defined by

f(a) :{(X’luf(a)(X)’yf(a)(x)’é‘f(a)(x)):XEU}

and g:B—> IVNs(U) is defined by
9(0) = (X, 1) (%) 7y (X): By (X)) : x €U}

where

ﬂf(a)(x) 7r(a)(x) 5f(a)(x) ﬂg(b)(x) 7g(b)(x) (b)(X)E Int([0,1])
for xeU . Then

) ( f, A) is called interval valued neutrosophic subset of

( (denoted by (f,A)<=(g,B))if AcB and

B)
(X)<ﬂg (), 7f(e)(x)27/g(e)(x)'
(e (X

)=6 ( ) VeeA,vxeU . Where
uf(e)( )< ug(e)( ) it inf <infu and
SUPA;(e) = SUPHy )
yf(e)(x)27g(e)(x) iff inf Vi) >inf Yoy ~ and
Sup;/f(e) > Supyg(e)
81 (X)2 3y (%) iff inf, 2infs,,  and
SUPS ) = SUPS

(i) Their union, denoted by (f,A)u(g,B)=(h,C)
(say), is an interval valued neutrosophic soft set overU ,
where C = AUB and for e€C, h:C — IVNS(U)
is defined by

h(€)={(% e (X): 70 (X) 8 (¥)) : x €U } ,where
forxeU ,

Hie) (X) ifec A—B
h(e)(x): /‘g(e)(x) ifeecB—A
Hi (o) (X)V gy (X) ifec ANB
Ve (X) ifec A—B
Vo) () =1 740 (¥) ifecB— A
Vi) (X) A7 (X) ifec ANB
81 (%) ifec A—B
Sy (X) =1 8y (X) ifeecB-A
5f(e)(x) ( ) ifee ANB

(iii) Their intersection, denoted by (f,A)~(g,B)=(h,C)
(say), is an interval valued neutrosophic soft set of overU ,
where C=ANB and foreeC, h:C > IVNS(U) is
defined by

h(e):{(x,yh(e)( )+ Vo) (X)1 6y (X )):XGU} , Wwhere

forxeU and eeC,
Hie) (x)= Hie) (x) A Hye) (X)'7h(e) (x)= Vi) (x)v Ys(e) (x)
and &, (x)= S e) (x)v Fe) ().

(iv) The complement of ( f,A), denoted by ( f, A)C
is an interval valued neutrosophic soft set over U and is
(f.A)Y =(f1a)
f°:]A— IVNS(U) s defined by

f(a)= {(x,ﬁf(a) (x),[lfsupyf(a)(x),lfinfy,(a) (x)]y,(a) (x)) i X eu}
foraeA.

defined as where

Definition 2.6:[5,6] An IVNSs ( f,A) over the universe U
is said to be universe IVNSs with respect to A if

My () =[81] 7 (x)=[0,0] . &y, (x)=[0,0]
VxeU,VaeA. Itisdenoted by I .
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Definition 2.7: An IVNSs ( f,A) over the universe U is

said to be null IVNSs with respect to A if 4, (x)=[0,0],

Vi (¥)=[L1], & (x)=[L1] vxeU,vaecA. Itis
denoted by ¢.

3 Interval Valued Neutrosophic Soft Topological
Spaces

In this section, we give the definition of interval valued
neutrosophic soft topological spaces with some examples
and results. We also define discrete and indiscrete interval
valued neutrosophic soft topological space along with
interval valued neutrosophic soft finer and coarser topology.

Let U he an universe set, E be the set of

U
parameters, SO( be the set of all subsets of U, IVNs(U)

be the set of all interval valued neutrosophic sets in U and
IVSNS(U;E) be the family of all interval valued
neutrosophic soft sets over U via parameters in E.

Definition 3.1: Let (&, E) be an element of IVNSs(U;E),
go(g“A, E) be the collection of all interval valued
neutrosophic soft subsets of (Q’A, E) . A sub family 7 of
go(g“A,E) is called an interval valued neutrosophic soft

topology (in short IVNS-topology) on (£,,E) if the
following axioms are satisfied:

(i) (¢..E).(¢0E)er
(i) {(f:,E):keK}gT: U(fAk,E)er
(iii) I (9,.E).(h,,E) ez then (g,,E)n(h,,E)er

The triplet (¢,,E,7) is called interval valued
neutrosophic soft topological space (in short IVNS-
topological space) over (¢,,E). The members of 7 are
called 7 —open IVNS sets (or simply open sets). Here
¢, :A—IVNSU) is defined as

¢ (e)={(x[0,0],[11].[11]): xeU} VeeA.

Example 3.2: Let U={u,,u,,u,}, E={e,e,.e,e,},

A={e e, e} . The tabular representation of (¢,,E)
given by

u e e,

u, ([5.81[3.51[2.7])  ([4.71.[2.3].[1.3])

u  ([4.71.03.4],[.1,2]) ([.6..91,[.1,.2].[.1,.2])

u;  ([5,1][0..1],[.3.6]) ([6..8],[2,4],[.1,.3])

€3
([-3..91.[0,.1],[0,.2])

([-4.-8],[.1,.2],[0,.5])
(L4.91,[1,.3].[.2..4])

Tablel:Tabular representation of (£, E)

The tabular representation of (¢§A : E) is given by

U €1 €,

Uy ([0,01,[1.1],[2.1]) ([0,01,[1.1],[2.1])
Up ([0,01,[1.1],[1.1]) (0,01,01.1,[2.1])
Us ([0,01,[2.1],[2.1]) ([0,01,[1.1],[2.1])

€3
([0,01.[1.1].,[1.1])
([0,01.[2.1],[1.1])
([0,01.[1.1].,[1.1])

Table2:Tabular representation of (g,,, E )

The tabular representation of ( fj, E) is given by

U €1 €,

u, ([1.71.[4.8].[3.1]) ([1,:3],[4.6].[.2..6])
b ([1,31.06.7],[2.8]) ([0,51.L.5..81,[.4,1])
s ([4.81.[6,.71.[6..9]) ([0..3].[-4.7].[.2.-8])

<

€3
([.2,.5].[.8,-9].[.4..9])
([0..31.[6.-91.[.1..7])
([.1,.3].[.6,.8].[.3..7])

Table3:Tabular representation of ( fi, E)

The tabular representation of ( fAZ, E) is given by

U €1 €,

u,  ([4.7105,.71,[4..9]) ([.2,.31.[4.51.[.7..9])
2 ([3.5][4.8],[.1.4]) ([-4.61.03.51.[.2,.5])
us  ([3.91.[.1,.2],[.6..7]) (5. 71.L6..71.[.3,.4])

<

€3
([3,-71.[5.-81.[.1,.2])
([-1,:31.[3.-5).[.6..8])
([-2,-6].[:3.-51.[.5.-8])

Table4: Tabular representation of ( f7,E)
Let (£ ,E)=(f.E)n(f .E)

representation of ( f E) is given by

then the tabular

Anjan Mukherjee, Mithun Datta, Florentin Smarandache, Interval Valued Neutrosophic Soft Topological

Spaces



Neutrosophic Sets and Systems, Vol. 6, 2014

21

U €1 €

u,  ([1.71[5.8L.[4.1]) ([-1,-31.[4,.6L.[.7..9])
v ([1..3L.[6.8].[.2,.8]) ([0,.51.[5.-81.[-4.1])
us  ([.3..8L.[.6..71.[.6..9]) ([0..31,[.6,.71.[.3..8])

€3
([-2,.5].[8,-91.[.4..9])
([0,.3],[.6,.91.[.6..8])
([1,:3].[.6.-8L.[.5.-8])

Table5: Tabular representation of ( f;, E)
Let (f,.E)=(fE)u(f.E)

representation of (f4 E) is given by

Al

then the tabular

U €1 €

u,  (L4.71[4,.71,[3,.9]) ([-2.3],[-4.51.[.2..6])
u;  ([.3,.5],[.4,.7],[.1,.4]) ([.4,.6],[.3,-5],[-2,-5])
us  ([4.91[1,.2].[.6,.7]) ([5.71.[-4..71.[.2..4])

€3
([-3..71,[.5..81.[.1,.2])
([.1,.3],[.3.-5],[.1,.7])
([-2,-6].[.3.-5L.[3..7])

Table6: Tabular representation of ( 2 E)
Here we observe that the sub-family

7 ={(#.E). (€0 B)(11E).(1E).(12.E)(11.E))
of ©(& E) isalVNS-topology on (£, E), as it satisfies
the necessary three axioms of topology and (Q’A, E, z') isa
IVNS-topological space. But  the sub-family
2 ={(¢;A’E)v(§AvE),(fi,E),(f:,E)} of (&, E) isnotan
(¢, E) , as the
(f..E)=(f:E)u(? E)doesnotbelong to ,.

IVNS-topology  on union

Definition 3.3: As every IVNS-topology on (£, E) must
contains the sets (¢§A,E) and (£, E), so the family
9={(¢4A,E),(§A,E)} forms a IVNS-topology on
(&4 E) . The topology is called indiscrete IVNS-topology

and the triplet ({A, E,.9) is called an indiscrete interval

valued neutrosophic soft topological space (or simply
indiscrete IVNS-topological space).

Definition 3.4: Let & denotes the family of all IVNS-
subsets of (¢,,E). Then we observe that & satisfies all

the axioms of topology on (¢, E) . This topology is called
discrete interval valued neutrosophic soft topology and the
triplet (&,,E,&) is called discrete interval valued

neutrosophic soft topological space (or simply discrete
IVNS-topological space).

Theorem 3.5: Let {Ti e I} be any collection of IVNS-
topology on (&, E) . Then their intersection 7 is also
iel

a IVNS-topology on (£, E).
Proof: (i) Since (qﬁg\,E),(gA,E)ez'i for each iel .
Hence (¢;A1E),(§A’E)€in-

(i) Let {( f:,E):ke K} be an arbitrary family

of interval valued neutrosophic soft sets where
(f:,E)eﬂri for each kK € K. Then for each i €l ,
iel

(f:,E)eri for K € K and since foreach iel, 7, iaa

IVNS-topology, therefore U (f:,E)eq for each i el .
keK

Hence U(f:,E)eﬂri.

keK iel

(i) Let (f.LE).(f/,E)eNz , then
(fAl,E),(fAz,E)eri foreach i € | . Since foreach i el ,

7, is an IVNS-topology, therefore (fAl,E)m(fAZ,E)er.

for each i € | . Hence (fi,E)m(ff,E)eﬂri.
iel
Thus (17, satisfies all the axioms of topology.
iel
Hence () z; forms a IVNS-topology. But union of IVNS-
iel

topologies need not be a IVNS-topology. Let us show this
with the following example.
Example 3.6: In example 3.2, the sub families

7 ={(¢..E) (¢ E).(FL.E)] r={(#,.E),
(g“A,E),(fAZ,E)} are IVNS-topologies in (£,,E) . But
their union r3ur4:{(¢4A,E),(§A,E),(fAl,E),(f,f,E)}
is not a IVNS-topology in (¢, E).

Definition 3.7: Let (¢,,E,z) be an IVNS-topological

and

space over (£, E). An interval valued neutrosophic soft
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subset (f,,E) of (£, E) is called interval valued
neutrosophic soft closed set (in short IVNS-closed set) if its

complement ( f,,E)° is a member of 7.

Example 3.8: Let us consider example 3.2. then the IVVNS-

closed sets in (&, E,7;) are

U €1 573

u, (27105, 71[.5..8]) ([1,.31.[.7,.81.[4.7])
u  ([1,2116.71L[4.7)  ([.1.2][.8,.91,[.6,.9])
us  ([3..6],[.9.11[.5.1]) ([.1,.3],[.6,.8].[.6.,.8])

€3
(I0,.21,[.9,11.[.3,-9])
([0,.5],[.8,-91.[.4,.8])
([.2,.4],[.7,.9].[.4,.9])

Table7:Tabular representation of (§A, E)c

U €1 573

u  ([1.1][0,0),[0,0]) ([1,1], [0,01,[0,0])
u  ([1.1], [0,0],[0,0]) ([1,1], [0,01,[0,0])
us  ([1,1], [0,0],[0,0]) ([1,1], [0,01,[0,0])

€3
([1.1], [0,0],[0,0])
([1.1], [0,01,[0,0])

([1.2),[.2,.5][3,.7])
(L6.-8],[.5,.7],[.1,.3])
(L5.-8].[-5,.7].[.2,.6])

Tablel0:Tabular representation of ( f2, E)C

U €1 €

u,  ((41L02.5101.7]) ([.7..9].[-4,.6].[.1,.3])
U ([2.8].[2.4].[1.3]) (L4.1].[-2,.51.[0,.5])
us  ([.6,9].[3,41[3.8]) ([.3.-8],[.3,-41.[0,.3])

€3
([4,91.[.1,.2).[.2..5])
([.6,.8],[.1,.4],[0,.3])
([5.-8].[2.-4].[.1,.3])

Table11:Tabular representation of (f7,E)’

U e, e,

U ([.3,-9],[-3,.6].[-4,.7]) ([.2,.6],[.5,.6].[-2,-3])
u, ([.1,.4],[.3,.6].[.3,.5]) ([.2,.5],[.5,.7].[.4,.6])
us  ([.6..7],[.8,.9],[-4..9]) ([-2,4].[3..61.L.5..7])

€3
([1.21,[.2,.5L[3,.7])
([1.71.05..71.[.1,:3])
([3,.71,[5,.71.[2,.6])

1,1], [0,0],[0,0 .
([2.1], [001.[0.0D Table12:Tabular representation of (f,,E)

Table8:Tabular representation of (%’E)c are the IVNS-closed sets in (C E . )
A V1)t

U €1 €

u,  ([311[2.6).[1.7]) ([.2.6].[4,.61.[.1,.3])
U ([2..8],[.3,.4].[1,3]) ([.4.1],[.2,.5],[0,.5])
us  ([6.9,[.3.4],[.4.8]) ([.2.-8].[-3,.61.[0,.3])

space over (&, E). Then

1. (¢§A,E)C, (¢4 E) are IVNS-closed sets.

Theorem 3.9: Let (¢,,E,7) be an IVNS-topological

€3 2. Arbitrary intersection of IVNS-closed sets is

([.4,91,[.1,.2],[.2,.5]) IVNS-closed set.

([.1,.6],[.1,.41,[0,.3])

([.3,.711,[.2,.4],[.1,.3]) set.

Proof: 1. Since (¢§A,E),(§A,E)er

Table9:Tabular representation of (fj E)c . .
(¢4A , E) (£ E) are IVNS-closed sets.

U €1 573

u,  ([4.91[3.5].[4.7]) (L7.91.05.61.[.2.3])
U ([1..4],[.2,6].03,5]) ([2.5).05..71.[-4..6])
us  ([.6,7.[.8,9],[.3,9]) ([.3.-4],[.3,41.[5..7])

IVNS-closed sets in
(fA,E)=kDK(f:,E).

(¢uEir)  and

€3

3. Finite union of IVNS-closed sets is IVNS-closed

therefore

2. Let {( fAk,E) ke K} be an arbitrary family of

let
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Now (fA,E)C=(ﬂ(f:,E))C:U(f:,E)E and (f),E) ez

foreach k e K, so U(f:,E)Cer.Hence (fA,E)Cer.

keK

Thus ( f,, E) is IVNS-closed set.
3. Let {( f;,E):izl,Z,S,...,n} be a family of

IVNS-closed sets in (£, E,7) and let (gA,E):_LnJ(fAi,E).

(g,E) :(u(f;,e))‘ -(r.e)

n
i=1 i-

Now and

(fE) er fori=12,3,...,n, s ﬂ(fAE) e . Hence
(9. E) ez.Thus (g,,E) is IVNS-closed set.

Definition 3.10: Let (¢, E,7) and (£,,E,7,) be two

IVNS-topological spaces over (Q’A,E) If each

(fs.E)er, implies (f,,E)ez, , then 7, is called
interval valued neutrosophic soft finer topology than 7,
and z, is called interval valued neutrosophic soft coarser
topology than ;.

Example 3.11: In example 3.2 and 3.6, 7, is interval

valued neutrosophic soft finer topology than 7, and 7, is
called interval valued neutrosophic soft coarser topology
than ;.

Definition 3.12: Let (¢,,E,7) be a IVNS-topological

space over (£,,E) and B be a subfamily of 7. If every

element of 7 can be express as the arbitrary interval
valued neutrosophic soft union of some elements of B, then
R is called an interval valued neutrosophic soft basis for the
IVNS-topology 7.

Example 3.13: In 3.2, the IVNS-

topology for
o ={(¢. .E).(¢0E)(£1.E).(12.E).(17.E).(£1E)}, the
subfamily 8={(¢, ,E),(£..E).(,.E).(f2.E).(1:.E)}

of (£, E) is a interval valued neutrosophic soft basis

example

for the IVNS-topology 7, .

4 Some Properties of Interval Valued Neutrosoph-
ic Soft Topological Spaces

In this section some properties of interval valued
neutrosophic soft topological spaces are introduced. Some
results on IVNSInt and I\VNSCI are also intoduced.

Definition 4.1: Let (¢,,E,z) be a IVNS-topological
space and let (f,,E)eIVNSS(U;E) . The interval

valued neutrosophic soft interior and closer of (f,,E) is
denoted by IVNSInt(fa,E) and IVNSCI(fs,E) are defined as
IVNSInt( f,,E)=U{(9,.E)e7:(g.E)=(f,E)} and
INVNSCI( f,,E)=

ﬂ{(gA, E)er®:(f, E)=(9a, E)} respectively.

Example 4.2: Let us consider example 3.2 and take an
IVNSS (f;,E) as

u e, e,

u,  ([2,.8][.3,.6],[.2,.8]) ([.2,4].[.4,.6].[.2,.4])
u;  ([.1,6],[-4,.5],[.2,.7]) ([-2,-6],[.5,.71,[.1,.7])
us  ([.5,.8],[.5,6][.5,.8]) ([.1,.4].[4,.6].[.1,.5])

€3
([.2,.6],[.7,.8].[.3..4])
([1.4][.2,.5).[.1,.5])
([.2,.5],[.5,.8].[.2,.4])

Table13:Tabular representation of ( f;,E)

Now IVNsint( f7,E)=(f},E) and IvNsCI(f.,E)=(1E) .

Theorem 4.3: Let (§A, E,T) be a IVNS-topological space

and (f,,E) ., (94,E)eIVNSS(U;E) then the
following properties hold
IVNSInt( f,,E)<(f,,E)

2. (f,,E)c(g,,E)= IVNSInt(f,,E)c IVNSInt(g,,E)
3. IVNSInt(f,,E)er

4. (f,,E)er< IVNSInt(f,,E)=(f,,E)

5

6

=

IVNSInt (IVNSInt( f,,E)) = IVNSInt( f, E)
IVNSInt(g,,E)=4,, IVNSInt(U,,E)=U,

Proof:
1. Straight forward.

2. (f,,E)=(9,,E) implies all the IVNS-open sets
contained in ( f,, E) also contained in(g,,E).
i.e.

{(f;,E)er:(f;,E)g(fA,E)}g{(g;,E)er:(g;,E)g(gA,E)}
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i.e. 2. \NsInt(( f,,E)u(g,,E)) 2 IVNSInt( f,,E) U IVNSInt(g,,E)
U{(f;,E)er:(f;,E)g(fA,E)}gU{(g;,E)er:(g;,E)g(gA,E)}

ie. IVNSINt( f,,E)< IVNSInt (g, E) 3. IVNSCI((f,,E)u(g,.E))=IVNSCI(f,,E)UIVNSCI(g, E)

3. IVNSInt(fA,E):U{(f;,E)er:(f;,E)g(fA,E)} 4. NscI((f,,E)n (g, E))< IVNSCI(f,,E)IVNSCI(g,,E)
It is clear that U{(f;,E)eri(f;,E)g(fA,E)}ez’

So, IVNSInt(f,,E)er. 5 (IVNSInt(f,,E)) =IVNSCI(f,,E)

4Lt (Leyer . ten by @ 6 (IVNSCI(f,E)) = IVNSInt(f,,E)
IVNSInt(f,,E) < (f,.E). Proof f f
1. Byth 4.2 (1), IVNSInt E E
Now since ( f,,E)er and (f,,E)<=(f,.E), y theorem 4.2 (1), Sint(f,,.E)<(f\E)
Therefore and IVNSInt(g,,E)=(9a,E). Thus
(1,.E)cU{(g5.E) e:(0,.E) =(0,.E)} = IVNsint(f,, EIVNSInt(f, . E) n IVNSInt (g, . E) = (f,, E) (0, E) -
. Hence
e, (f, E)< IVNSInt(f, E) IVNSInt( f,,E)~ IVNSInt(g,,E) < IVNSInt(( f,,E)(g,.E))
Thus IVNSInt(f,, E)=(f,,E) . )
Conversly, let IVNSInt( f,,E)=(f,,E) Again since (f,,E)n (g, E)<(f,,E). By the-
Since by (3) IVNSInt(f,,E)ez orem 4.2 (2), IVNsInt(( f,,E)n(g,,E)) < IVNSInt(f,.E).
Similarly
Theref f,,.E
erefore (f,, E)er IVNSInt(( f,,E)~(g,.E)) < IVNSInt(g,,E)
5. By (3) IVNSInt(f,,E)er Hence
. By (4) IVNSInt(IVNSInt(f,,E))=IVNSInt(f,,E). IVNSInt(( f,,E)n(g,,E)) < IVNSInt( f,,E)NIVNSInt(g,,E) ...
.............. (ii)
6. We know that (¢,,E),(U,,E)er Using 0 and (i) we get,
- By (4) IVNSInt (g, ,E) = g,, IVNSInt(U,,E) =U,, IVNSInt(( f,,E)(g,,E)) = IVNSInt( f,,E) IVNSInt(g,,E)

Theorem 4.4: Let (£, E,7) be a IVNS-topological space
and (f,,E), (94,E)eIVNSs(U;E) then the following
properties hold

1. (f,,E)< IVNSCI(f,,E)

(f,.E)<(g,,E)= IVNSCI( f,,E) < IVNSCI(g, ,E) Similarly,
IVNSInt(g,,E) < IVNSInt((f,,E)u(g,.E))

2. Since (f,,E)c(f\E)U(04.E).
By theorem 4.2 (2),
IVNSInt( f,,E) < IVNSInt(( f,,E)u(g,.E))

n

3. (IVNSCI(f,,E)) er
4. (f,,E) er < IVNSCI(f,,E)=(f,.E)
5. IVNSCI(IVNSCI( f,,E))=IVNSCI(f,,E)

Hence
IVNSInt((f,,E)u(g,.E)) = IVNSInt(f,,E)UIVNSInt(g,,E)

Similar to 1.

w

6. IVNSCI(¢,,E)=¢,, IVNSCI(U,,E)=U
(4 E)=4, (U.E)=U, 4. Similar to 2.
Proof: straight forward. 5. (IVNSInt( f, E))° =(U{(9A, E)er:(9,,E)c(f,, E)})°
Theorem 4.5: Let (/;A, E,r) be an IVNS-topological space
on ({4,E) and let (f,,E), (9, E)eIVNSS(U;E) . . .
Then the following properties hold _m{(gA'E)GT (1,8 g(g‘“E)}
1. wNsint((f,,E)n(g, E)) = IVNSInt(f,,E) IVNSInt (g, E) =IVNSCI(f,,E)

Anjan Mukherjee, Mithun Datta, Florentin Smarandache, Interval Valued Neutrosophic Soft Topological
Spaces



Neutrosophic Sets and Systems, Vol. 6, 2014

25

6. Similarto 5.
Equality does not hold in theorem 4.4 (2), (4). Let us
show this by an example.

Example 4.6: Let U={u,u,} E={e.e, 6}
A={ee,} . The tabular representation of (¢,,E) is giv-
en by

U €1 €2

Uy ([5.81.[3.5].[-2.7]) ([.3.91.[-1,.21,[0..1])

up ([.4..6].[.3..41,[.1,.2]) ([4,.81,[.1,.3],[.1,.2])

Tablel4:Tabular representation of (¢,,E)

The tabular representation of (¢CA : E) is given by

U €1 €y

Uy (0,0, [1,1], [1,1]) (0,01, [1.,1], [1.1])
Uz (f0,01, [1,1], [1,1]) ([0,01, [1,1], [1,1])
Table15:Tabular representation of (¢§A, E)

The tabular representation of ( f,,E) is given by

U €1 €2

Uy ([1,.7],[4,8].[-3.1]) ([-2,.5].[.7,.9L.L3,.7])

Uz (L1206, 71.[.2..7]) ([0,.3],[.5..8].[-4.1])
Tablel6:Tabular representation of (f,,E)

Clearly r={(qﬁs,A,E),(gA,E),(fA,E)} is a IVNS-topology

on (¢,.E) .
neutrosophic soft sets (g,,E) and (h,,E) as

Let us now take two interval valued

U e, e,

Uy ([.1..6],[-4,.9].[-4.1]) ([1.5],[.7..91.[.3..8])
Uz ([1.2),06,.71.[.2,.8]) ([0..21,[.5..9].[-4.1])
Tablel7:Tabular representation of (g,, E)

U e, e,

Uy ([0,.7],[.5,-81.[-3.1]) ([-2,.5],[-8,1].[.6,.7])
Uy ([.1,2].[.6,.8].[3,.7]) ([0,.3].[.6.-8],[.5.1])
Table18:Tabular representation of (h,,E)

Now (9,.E) 0 (h,.E)=(1,.E)

.I.VNSInt((gA, E)u(h,,E))=IVNSInt(f,,E)=(f,,E)
Also IVNSInt(g,,E)=(¢. ,E), IVNSInt(h,.E)=(g, .E)

IVNSInt (g, . E) U IWNSInt (h, .E) =(¢. ,.E) (¢, .E)=(4. .E)
Thus

IVNSInt(( f,,E)u(g,,E))= IVNSInt( f,,E) U IVNSInt(g,,E) -
Therefore equality does not hold for (2).

By theorem 4.4 (5),

IVNSCI (g, E)* = (IVNScl (g,.E))" =(¢. .E) =(£,.E).

Similarly IVNScl(h,,E)* =(¢,,E).

Therefore

IVNSCI(g,,E)  nIVNSCI(h,,E) =(¢,,E)n (<, E)=(¢,,E)

. Also

IVNSCI (g, E) ~(h,, E)) = IWNSCI (g, E) u(h,, E))’
=(IwNsInt((g,,.E)u(h,,E)))
= (IVNSInt( f,,E))’

:(fA'E)C

Thus

IVNSCI(( f,,E)(g,.E))= IVNSCI( f,,E) N IVNSCI(g,,E)

. Therefore equality doesnot hold in (4).
5 Interval Valued Neutrosophic Soft Subspace
Topology

In this section we introduce the concept of
interval valued neutrosophic soft subspace topology along
with some examples and results.

Theorem 5.1: Let (£,,E,7) be an IVNS-topological
space on (£, E) and (f,,E)e (S, E) . Then the
collection r(fA’E)={(fA,E)m(gA,E):(gA,E)er} is
an IVNS-topology on (&, E).

Proof:

(i) Since (¢§A : E),(gA, E)er therefore
(foE)n (4, .E)=(4, . E) ey e and
(foE)n(nE)=(fE) e ) -

(ii) Let (fSE)er, o VkeK Then
(f,E)=(f,.E)n (g} E) where (gf\,E)er for each
keK.

Now

kLEJK(fAk,E):kLEJK((fA,E)m(gi,E)):(fA,E)m(kEJK(gZ,E))er(fAVE)
(since kEJK(g,'i,E)er as each (g,':,E)er.

(iii) Let (f},E),(f} E)ez, . then
(fAl,E)z(fA,E)m(g;,E) and
(ff,E):(fA,E)m(gf\,E) where (gi,E),(gf\,E)er.
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Now
(£.E)n(12,E)=((f..E) (s E))((f..E) (9. E))
:(fA‘ E)ﬁ((g:, E)ﬁ(gi, E)) € T(fA‘E)

(since (gi,E)m(gf\,E)er as (gi,E),(gf\,E)er).

Definition 5.2: Let (£,,E,7) be an IVNS-topological
space on ({,,E) and (f,,E)e ({4, E) . Then the
IVNS-topology 7, ¢ ={(f,.E)"(9,.E):(9,.E) ez}
is called interval valued neutrosophic soft subspace
topology and (fA,E,r(fA‘E)) is called interval valued

neutrosophic soft subspace of (¢,,E, 7).

Example 5.3: Let us consider the IVNS-topology
& ={(0, E)(CuB)(ILE)(1ZE(LE)(1LE)| s
in example 3.2 and an IVNSS ( f,,E):

U €1 €,

u,  ([4.61[.6..71[3,.5]) ([.5.71.[-4.-6].[0..3])
U ([2.3103,6L05.7)  ([6.81.[4.51[2.3])
Us  ([.5.7],[.4..6],[.3..4]) ([-4.5].[.7..9L.[.6,.7])

€3
([3,51.[5,.:81,[.2,:3])
([5.-8L.L5..71.[.2.:3])
([.1,.3],[.7,-91,[.5,.7])

Table19:Tabular representation of ( f,,E)

Then (4, .E)=(f,.E)(¢. .E):

U €1 573

u,  ([0,01,[1,1].[1.1]) (I0,01.[1,1],[2,1])
U ([0,0],[1,1].[1,1]) ([0,0],[1,1].[2,1])
us  ([0,01,[1,1].[1.1]) (I0,01.[1,1],[2,1])
€3
([0,0],[1,1].[1,1])
(I0,01,[1,2],[2.,1])
([0,0],[1,1].[1,1])

Table20:Tabular representation of (g, ,E)

(93.E)=(f,.E)n(f..E):
U €1 €
u  ([1,-61[.6.71[.3,1]) ([1,.3],[-4..61.[.2..6])
u;  ([1,.31[6.7.[5.8)  ([0.5].[4,5][41])
Us  ([.4,.7],[.4,.6],[.6,.9]) ([0..31,[.7,.91.[.6,.8])

€3
([-2,5],[.5..81.[.4..9])
([0,.31.[.6,:91,[.2,.7])
([1.3LL.7..9LL5..71)

Table21:Tabular representation of (gi\ E)

(92.E)=(f,.E)n(f .E):
U €1 €
u ([46106.71[49])  ([2.31[4.61[7.9])
U ([2.3][4,8[5.7)  ([4.6][4.5[2.5])
U ([3,70.[4.6106.7)  ([4.51[7.9116.7])

€3
([3.-51.[5.-81.[.2.-3])
([1,:3L.[5..71.0.6.-8])
([-1,:3L.[.7..9L.[.3..8])

Table22:Tabular representation of (gi E)

(9;.E)=(f,.E)n(f.E):
U €y €
up  ([1.6],[.6..8],[-4,1]) ([-1,.3],[4,.61,[.7..9])
U ([.1,.3],[.6,.8],[.5..8]) ([0,.5].[.4,.51,[.4,1])
Us  ([.3,.7],[.4,.6],[.6..9]) ([0,.31,[.7,-91,[.6,.8])

€3
([-2,.51.[.5.-8.[.4..9])
([0,.3],[.6,.91.[.6..8])
([1,.31[.7..9LL5.-8])

Table23: Tabular representation of (g}, E)

(9. E)=(f..E)n(f.E):
U e, €
up  ([2.5].[5,8],[-4.9]) ([-2,.5].[.5,.8].[4..9])
U ([0.31[6,9[6,.8)  ([0.31[.6.9][68])
u;  ([1.31[7.91[5.8)  ([.1.31[.7.91[5.8])

€3

([.3.51.[5.-81.[.2.:3])
([.1,:31,[.5,.71.[.2,.70)
([1.31[.7..91.15..7])

Table24:Tabular representation of (gi E)

T(f,‘.E) ={(¢fA ' E),(fA,E),(g;, E),(gi. E)’

(gi,E)} is an interval valued neutrosophic soft subspace

Then
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topology for z; and (fA’E’T(fA,E)) is called interval

valued neutrosophic soft subspace of (£, E, 7).

Theorem 5.4: Let (§A, E,r) be an IVNS-topological space
on ({,E) , B be an IVNS-basis for ¢ and
(f,.E)ep(<,.E) Then the
B(fA’E)={( f..,E)"(9,.E):(9,,E)eB} is an IVNS-basis

for subspace topology 7

family

fE)”
Proof: Let (h,,E) ez ¢ be arbitrary, then there exists
an IVNSS (9,,E)er that
(h,,E)=(f,,E)n(g,.E) . Since B is a basis for 7,

such

therefore there exists a sub collection {(;('A E):i € I} of
B such that (g,,E)=u(x,.E).
iel

Now

(heE)=(f..E) (0, E) = (2 E)=U((f..E) (24 E))

. Since (fA,E)m(;(;,E)eB(fA)E), therefore B, . is an

IVNS-basis for the subspace topology 7

faE) "

Conclusion

In this paper we introduce the concept of interval
valued neutrosophic soft topology. Some basic theorem
and properties of the above concept are also studied. IVN
interior and IVN closer of an interval valued neutrosophic
soft set are also defined. Interval valued neutrosophic soft
subspace topology is also studied.

In future there will be more research work in this
concept, taking the basic definitions and results from this
article.
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