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Abstract: The focus of this paper is to introduce the
concept of Neutrosophic point, Neutrosophic quasi
coincident, Neutrosophic feebly open sets and
Neutrosophic feebly closed sets in Neutrosophic
Topological spaces. Also we analyse their
characterizations and investigate their properties.
This concept is the generalization of intuitionistic
topological spaces and fuzzy topological spaces.
Using this neutrosophic feebly open sets and
neutrosophic feebly closed sets, we define a new
class of functions namely neutrosophic feebly
continuous functions. Further, relationships between
this new class and the other classes of functions are
established.
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INTRODUCTION

Theory of fuzzy sets [18], theory of intuitionistic
fuzzy sets [1-3], theory of neutrosophic sets [9] and
the theory of interval neutrosophic sets [12] can be
considered as tools for dealing with uncertainities.
However, all of these theories have their own
difficulties which are pointed out in [12]. In 1965,
Zadeh [18] introduced fuzzy set theory as a
mathematical tool for dealing with uncertainities
where each element had a degree of membership.
The intuitionistic fuzzy set was introduced by
Atanassov [2] in 1983 as a generalization of fuzzy
set, where besides the degree of membership and the
degree of non-membership of each element. The
neutrosophic set was introduced by Smarandache [9]
and explained, neutrosophic set is a generalization of
intuitionistic fuzzy set. In 2012, Salama, Alblowi
[16], introduced the concept of neutrosophic
topological spaces. They introduced neutrosophic
topological space as a generalization of intuitionistic
fuzzy topological space and a neutrosophic set
besides the degree of membership, the degree of
indeterminacy and the degree of non-membership of
each element. In 2014, Salama, Smarandache and
Valeri [17] were introduced the concept of
neutrosophic  closed sets and neutrosophic
continuous functions.

In this paper, we introduce and study the concept
of neutrosophic feebly open sets and neutrosophic

feebly continuous functions in neutrosophic
topological spaces. This paper consists of four
sections. The Section | consists of the basic
definitions and the operations of neutrosophic sets
which are used in the later sections. The Section Il
deals with the concept of Neutrosophic point,
Neutrosophic quasi coincident, Neutrosophic quasi
neighbourhood, Neutrosophic feebly open sets in
Neutrosopic topological space and study their
properties. The Section IIl deals with the
complement of neutrosophic feebly open set namely
neutrosophic feebly closed set. The Section IV
consists of neutrosophic feebly continuous functions
in neutrosophic topological spaces and its relations
with other functions.

|. PRELIMINARIES

In this section, we give the basic definitions for
neutrosophic sets and its operations.

Definition 1.1 [16] Let X be a non-empty fixed set.
A neutrosophic set ( NF for short) A is an object
having the form A = { { X, pa(X), oa(X), ya(X) ) :
xeX } where pa(X), oa(X) and ya(x) which
represents the degree of membership function, the
degree indeterminacy and the degree of non-
membership function respectively of each element x
€ X to the set A.

Remark 1.2 [16] A neutrosophic set A ={ { X, pa(x),
oa(X), ya(X) ) : xeX } can be identified to an ordered
triple ( pa, oa, va) in ]0,1°[on X.

Remark 1.3 [16] For the sake of simplicity, we shall
use the symbol A = ( X, pa, ©a, ya ) for the
neutrosophic set A = { { X, ua(X), oa(X), ya(X) ) :
xeX }.

Example 1.4 [16] Every intuitionistic fuzzy Set A is
a non-empty set in X is obviously on neutrosophic
set having the form A = { (X, pa(X), 1- (ua(X) +
1a(X)), ya(X) ) : xeX }. Since our main purpose is to
construct the tools for developing neutrosophic set
and neutrosophic topology, we must introduce the
neutrosophic set Oyand 1yin X as follows :

On may be defined as:
(0) ON={(x0,0,1):xeX}
(0)) OnN={(x0,1,1):xeX}
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(0)) On={(%,0,1,0):xe X}
(0 ON={(x,0,0,0):xeX}

1y may be defined as:

(1) In={(x,1,0,0):xe X}
(1) In={(x,1,0,1):xeX}
(13) In={(x,1,1,0):xe X}
(1) In={(x,1,1,1):xeX}

Definition 1.5 [16] Let A =( pa, ©a, Ya) be a NF on
X. Then the complement of the set A (C(A) for short
) may be defined as three kinds of complements :
(Co) C(A) = { (X 1 - pa(x), 1-0a(X), 1 -7a(x)) : X
exX}

(C2) C(A) = { (X, Ya(X), Oa(X), Ba(X)) : X €X }

(C5) C(A) = { (X, ya(X), 1 - 0a(X), pa(X)) 1 x X }
One can define several relations and operations
between neutrosophic set follows :

Definition 1.6 [16] Let x be a non-empty set, and
neutrosophic set A and B in the form A = { ( x,
Ha(X), oa(X), Ya(X) ) : xeX }and B = { (X, pa(X),
og(X), y8(X) ) : X € X }. Then we may consider two
possible definitions for subsets ( A ¢ B).

( A < B) may be defined as :

(1) Ac B < pax) < pg(x), oa(x) < o(x) and ya(x)
>vpg(X) VX e X

(2) Ac B < pa(X) < ps(X), oa(x) 2 o(x) and ya(x)
>vp(X) VX eX

Proposition 1.7 [16] For any neutrosophic set A the
following are holds :
(1) Onc A, Onc Oy
(2) A c 1N y 1N glN

Definition 1.8 [16] Let X be a non-empty set, and A
= (X, pa(X), oaX), ya(X) ), B = (X, pa(x), os(X),
ve(X) ) are neutrosophic set. Then

(1) A n B may be defined as:

(1) AN B = (X palX) A pe(x), oa(x) A os(x) and
Ya(X) V ve(x) )

(1) AN B = (X paX) A pg(x), oa(x) Vog(x) and
Ya(X) V 18(X) )

(2) A U B may be defined as:

(U1) A U B =(X, pa(X) V ps(X), oa(X) V os(x) and
Ya(X) A ye(X) )

(Uz) A U B =(X, pa(X) V ps(X), oa(x) A os(x) and
Ya(X) A ye(X) )

We can easily generalize the operations of
intersection and union in Definition 1.8 to arbitrary
family of neutrosophic set as follows:

Definition 1.9 [16] Let { A;: j € J }be a arbitrary
family of neutrosophic set in X. Then
(1) N Aj may be defined as:

(I) M Aj: (X, -"Illlll-]cj I‘-l;“(x)! "ﬁl'-ej EF;‘J(X), V]e_l .;“(X) )
(i) N A= (X, Ay H;L](X)a Vie o4, ), Vi '.-';_,_I(X) )
(2) v Aj may be defined as:

() UA= (X, V,V,A)
(i) UA= (X, V. A A)

Proposition 1.10 [16] For all A and B are two
neutrosophic sets then the following conditions are
true :

1) CAnB)=C((A)uC(B)

2 C(AuB)=C(A)nC (B).

Here we extend the concepts of fuzzy topological
space [5] and Intuitionistic fuzzy topological space
[6,7] to the case of neutrosophic sets.

Definition 1.11 [16] A neutrosophic topology ( NT
for short) is a non-empty set X is a family t of
neutrosophic subsets in X satisfying the following
axioms :

(NTy) On, Iner,

(NT;) GinG,etforany G, G, e 1,

(NT3) uGjetforevery{G;:iel}cr.

In this case the pair ( X, 1) is called a neutrosophic
topological space ( NTS for short). The elements of
7 are called neutrosophic open sets ( NOS for short ).
A neutrosophic set F is closed if and only if it C (F)
is neutrosophic open.

Example 1.12 [16] Any fuzzy topological space (
X, 1o ) in the sense of Chang is obviously a NTS in
the form © = { A : paeto } wherever we identify a
fuzzy set in X whose membership function is pa
with its counterpart.

Remark 1.13 [16] Neutrosophic topological spaces
are very natural generalizations of fuzzy topological
spaces allow more general functions to be members
of fuzzy topology.

Example 1.14 [16] Let X ={ x } and
A={(x050504):xe X}
B={(x,04,06,08):xe X}
D={(x05,06,04):xe X}
C={(x,04,0508):xe X}

Then the family © = { Oy, A, B, C, D, 1y }of
neutrosophic sets in X is neutrosophic topology on
X.

Definition 1.15 [16] The complement of a
neutrosophic open set A(C (A) for short) is called a
neutrosophic closed set ( NCS for short) in X.
Now, we define neutrosophic closure and interior
operations in neutrosophic topological spaces.

Definition 1.16 [17] Let ( X, 1) be NTS and A =¢
X, na(X), oa(X), ya(xX) ) be a NF in X. Then the
neutrosophic closure and neutrosophic interior of A
are defined by
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NCI(A)=n{K:KisaNCSinXandAcK}
NInt (A)=u{G:GisaNOSinXandGcA}.

It can be also shown that NCI (A) is NCS and Nint
(A)isaNOS in X. That is,

a) Ais NCS in X if and only if A = NCI (A).

b) A is NOSin X if and only if A = NInt(A).

Proposition 1.17 [17] For any neutrosophic set A in
( X, t) we have

(@) NCI (C (A))= C (NInt (A),

(b) NInt (C (A)) = C (NCI (A)).

Proposition 1.18 [17] Let ( X, t) be aNTS and A,B
be two neutrosophic sets in X. Then the following
properties holds :

(@) NiInt (A) c A,

(b) A= NCI(A),

(c) A< B = Nint (A) c Nint (B),

(d) A< B = NCI (A) = NCI (B),

(e) NInt (A m B)) = Nint (A) A Nint (B),

(f) NCI (A2 B) = NCI (A) V NCI (B),

(9) Nint (1y) = 1y,

(h) NCI (On) = On,

HAcB=C(B)cC(A),

(i) NCI (A n B) = NCI (A) n NCI (B),

(k) NInt (A B) = Nint (A) U NInt (B),

Definition 1.19 [5] A Neutrosophic subset A is
Neutrosophic semi open if A < NCINInt A.
Definition 1.20 [5] A Neutrosophic topological
space (X 1) is product related to another
Neutrosophic topological space (Y, o) if for any
Neutrosophic subset v of X and ¢ of Y, whenever
AC2vand pC2Cimply A Sx 1 v 1 xp€>vxg,
where Aetand peo, there exist A; etandp;ecsuch
that ., > v or ulcz ¢ and MEx1vil ><p1C= ACx 1
v1xpC.

Definition 1.21 [5] Let X and Y be two nonempty
neutrosophic sets and f : X — Y be a function.

() 1f B = {(y, us(y), oe(y), ve(y)):y € Y }isa
Neutrosophic set in Y , then the pre image of B
under f is denoted and defined by f (B) = { ( x, f (
us)(), f (os)(¥), f (ve)(X) ) : x € X }.

(i) If A = { <X, aa(X), da(X), Aa(X)) : x € X }isa
NS in X, then the image of A under f is denoted and
defined by f (A) = {(y, f (aa)(y), T (5A)(Y), f_(Ra)(Y)
):y € Y }wheref_(Aa) =C (f(C (A))).

In (i), (ii), since pg, og, Y8, Ola, Oa, Aa are neutrosophic
sets, we explain that f “(ug)(x) = p g (f (X)),

and f (o)(y) =
_ supA[)aA(x):x ef _1(y)} itf “Ly)=o
0 otherwise

Definition 1.22 [5] Letf,: X;—> Yyand f,: X, >
Y,. The neutrosophic product f ; x f, : X;xX; —

Y1xY, s defined by ( f 1xf 5) (X, %2) = (f 1(x0), f 2(%2) )
for all (x4, X2) € X1 x X,

Definition 1.23 [5] Let A, A; (i € J) be NSs in X and
B,Bj(j €« K )beNSsinYandf: X —> Y bea
function. Then

(i) (B =Uf(B),

(i) T (N B) =f-'(B)),

(i) f1(1n ) = 1y, F-100) = On,

(iv) f1(C(B)) =C (f(B)),

(V) f(UA) = U T (A).

Definition 1.24 [5]Let f : X — Y be a function. The
neutrosophic graph g : X - X xY of f is defined
by g(x) = (x, f (x)) for all x € X.

Lemma 1.25 [5]Let fi : X; -Y; (i =1, 2) be
functions and A, B be Neutrosophic subsets of Yy, Y>
respectively. Then (fxf, ) =, %(A) x£(B).

Lemma 1.26 [5] Let g : X— X x Y be the graph of a
function f: X > Y . If A'is the NS of X and B is the
NS of Y, then g (A xB) (x) = (A N f(B)) (x).

I1. NEUTROSOPHIC FEEBLY OPEN SET

In this section, the concept of Neutrosophic feebly
open set is introduced.

Definition 2.1 Let a, B,y € [0, 1] and a+p+y< 1. A
Neutrosophic point with support X (, g, €X is a
neutrosophic set of X is defined by X (, ¢ y =
Iim poyly=x

(0.01), y #x

In this case, x is called the support of X (g yand a,
B and vy are called the value, intermediate value and
the non — value of x (, p , respectively. A
Neutrosophic point X (, g, IS said to belong to a
neutrosophic set A = { { X, pa(x), oa(X), ya(x) ) :
xeX } is denoted by two ways

(1) X (o, p,p €A If a< pa(X), B< oa(X) and y= ya(X).
(1) X (@, p,y) €A If o< pa(x), Bz oa(X) and y2 ya(x).

Clearly a Neutrosophic point can be represented by
an ordered triple of Neutrosophic set as follows : x
(@ B 9 = Xa, X p.C(Xe)). A class of all neutrosophic
points in X is denoted as NP(X).

Definition 2.2 For any two Neutrosophic subsets A
and B, we shall write AgB to mean that A is quasi-
coincident (g- coincident, for short) with B if there
exists xe X such that A(x) + B(x) > 1. Thatis { (X,
Ha(X)+ pe(X) , oa(X)+ os(X), Ya(X)+ ve(X) ) :xeX}
> 1.

Definition 2.3 Let A and p be any two Neutrosophic
subsets of a Neutrosophic topological space. Then
A is g-neighbourhood with B (g-nbd, for short) if
there exists a Neutrosophic open set O with AqO<B.
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Proposition 2.4 Let (X, 1) be a Neutrosophic
topological space. Then for a Neutrosophic set A of
a Neutrosophic topological space X, NSCIA is the
union of all Neutrosophic points X , g, ;) such that
every Neutrosophic semi open set O with X (, 5 ;) 4O
is Neutrosophic g—coincident with A.

Proof : Let xeNSCIA. Suppose there is a
Neutrosophic semi open set O such that X (, g, 9O
and 0@ A. That implies that O“> A, where O° is

Neutrosophic semi closed. O © > NSCI A. By using
Definition 2.6, X (, p. 2O © implies that X , p,
»&NSCIA. This is a contradiction to our assumption.
Therefore for every semi open O with X (4,5 qO is
g-coincident with A.

Conversely, for every semi open O with X (4, 3, )0cO
is g-coincident with A. Suppose x,NSCI A. Then
there is a neutrosophic semi closed set G>A with x
@ p.€G. G is neutrosophic semi open set with X (,
5, 90(G ©) and AQ (G ©). That is A(x) >(G ©) °=G.
This is a contradiction to the assumption. Therefore
X (a, B,Y)ENSC|A.

Proposition 2.5 Let (X, 1) be a Neutrosophic
topological space. Let A and B be Neutrosophic
subsets of a Neutrosophic topological space X. Then
IfFAAB=0then A(] B

A<B&X(q, 5,4 OB for each X (, 5.5 GA
AQBo A<BC

X (@ g7) 4 (Vc0eaPs) < there is ocoe A such that x
8.7) GA<0

Proof: Let (AAB) (x) = 0. Then min { A(x),
B(x)} = 0. This implies that A(x) = 0 and B(x)<1
(or) B(x) =0 and A(X)<1. B> 1%=A (or) A®> 1 =
B. That implies A<B ©. That shows A @] B. This
proves (i).

Let A<p. Then X, p.,) A implies that A “(x)< (au(x),
B(x), v(x)) and A<B implies that A°>B° that gives
B“<(a,, B, 7). Therefore X ,y)0B. Now x gA implies
that X, p, ydB- S0, B®<(a., B, v). Suppose A(x) >B
(x). Then A%< (o, B, y) does not implies B°<(a., B,
v). This is a contradiction. Therefore A(X) <B(X).
This proves (ii).

By using Definition 2.2,A (] B if and only if for each

xe X, A(X)<B(x). That is A<B®. This proves (iii).
NOW X, g )c (VaceaAs)if and only if (V. caA,)¢ (X)
< (a, B, 7), for some oeA. ArcaAL< (a, B, ), for
every ocoeA. By using Definition 2.1, X, g,y 0A«o.

Proposition 2.6Let (X, 1) be a Neutrosophic
topological space. Let A be a Neutrosophic subset of
a Neutrosophic topological space X. Then
NIntNCINIntNCIA = NIntNCIA and
NCINIntNCINIntA = NCINIntA

(NINtNCIA)® = NCINIntA® and (NCINIntA) =
NIntNCIA®

Proof : We know that NINtNCIA<NCIA. By using
Definition 2.6, NCINIntNCIA< NCI(NCIA)=NCIA.
This implies that NInt(NCINIntCIA) <NInt(NCIA).
Since  NIntNCIAis  Neutrosophic open and
NINntNCIA<NCINIntNCIA, NIntNCIA =
NInt(NIntCIA) <NInt(NCINIntNCIA). From the
above NInt(NCINIntNCIA) = NIntNCIA. This
proves (i).

(i) follows from Proposition 1.17 [2].

Proposition 2.7Let (X, 1) be a Neutrosophic
topological space.

(&) Let x, and A be a Neutrosophic point, a
Neutrosophic subset, resp., of a Neutrosophic
topological space X. Then X, €A, if and only if
X(a, . 1S NOt q -coincident with A°.

(b) Let A and B be any two Neutrosophic open
subsets of a Neutrosophic topological space X with
A(Q B. Then AQI NCIB and NCIA (] B.

Proof :Let X, 5 y€A. Then X, 5 y€A if and only if
AX) 2 (@(x), BX), 7(¥)).(A°X))> (a(x), B(X), 7(X))-
By using Definition 2.1, X, 5, @ A°. This proves
(a).

Suppose A @] B. This implies that A(x) < BY(x) for
all x. Let X, g, yeA(x) implies A(x) = (a, B, V).
Taking complement on both sides implies A(x)
<(a, B, y)°. Since ACis Neutrosophic closed,
NCIAS(x) < (o, B, y)°. That implies (NCIB(x)®) >
(o, B, ). This implies that X, 5 ,e (NCIB)®. That
shows A(x) < (NCIB(x))". From the above
conclusion, AQ NCIB. Let X, 5 »€NCIA. Then by

using Definition 2.1, NCIA(x) > (o, B, y). Since
AQ ¢ B, we have NCIA(x) < B (x).This implies
that B® (x) > (a, B, v). It follows that NCIA < B,
this shows NCIA (] B.

Proposition 2.8 Let (X, t) be a Neutrosophic
topological space. Let A be a Neutrosophic subset of
a Neutrosophic topological space (X, t). Then
NIntNCIA<NSCIA.

Proof : Let X, g, eNINtNCIA. Then by using
Definition 2.6, (a(x), B(X), y(X))<NIntNCIA(x). This
can be written as (o(x), B(x), y(x) )XNCIA(x). This
implies that X, s, ,»€NSCIA. This shows that X, g,
»ENSCIA.

Theorem 2.9 Let (X, t) be a Neutrosophic
topological space. If a Neutrosophic subset A
is Neutrosophic open, then NIntNCIA = NSCIA.

Proof: By using Proposition 2.8, it suffices to show
that NSCIA<NINtNCIA. Let X, g »eNINtNCIA.
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Then X, g, ) 0 (NIntNCIA)C. By using Proposition
2.4, X, .78 (NCININtAC). By using Proposition
2.5, NCI Nint A°=NCI NInt NCI NInt A €. This can
be written as NCI NInt A®< NCI Nint (NCI NInt A
). By using Definition 1. 19, NCI Nint A® is
Neutrosophic semi open. By using Proposition 2.6,

A NCINIntAS, that implies X, 5, 2NSCIA. That

shows NSCIA<NIntNCIA. Therefore NIntNCIA =
NSCIA.

Definition 2.10 A Neutrosophic subset A of a
Neutrosophic  topological Space (X , 1) is
Neutrosophic feebly open if there is a Neutrosophic
open set Uin X such that U< A<NSCIU .

Proposition 2.11 A Neutrosophic subset A is
Neutrosophic feebly open iffA< NIntNCINInt A.

Proof: Necessity: If A is Neutrosophic feebly open,
then by Definition 2.10, there is a Neutrosophic
open set U such that U <A <NSCI1 U. Now U< A<
NIntNCI U. Since U is Neutrosophic open, U =
NIntU < Nint A, it follows that NCI U < NCINInt
A. This implies that NIntNCI U< NIntNCINInt A.
Thus A < NIntNCI] U< NIntNCINInt A.

Sufficiency: Assume that A< NInt NCI NiInt A.
Now NInt A < A. That implies NInt A < Nint NCI
Nint A. Take U = Nint A. Then U is a Neutrosophic
open set in X such that U <A < NIntNCIU. By
Proposition 2.8, U <A < NSCIU. Therefore A is
Neutrosophic feebly open.

Example 2.12 The following example is one of the
Neutrosophic feebly-open set.

Let X = &dand 1 = {{x0.0.1}, (x1.L.0) ,
{(x 0.5, 0.2, 0.6), (x0.7,04,0.8),(x,0.7,0.4,0.6 ),
{x0.2.0.2,0.8)}. Then ( X, 1) is a Neutrosophic
topological space.

Let A= ({x0.7,0608) .ThenNInt A =
{x 0.7,0.4,0.8) .The corresponding Neutrosophic
closed sets T ={{x,1,0,0} , {x,0,1,1) , {x,0.6,0.2,0.5}
, (% ,080407 % , {x ,060407 } |,
{(x ,080205 } }NowNCINInt A =
(% 0.8,0.4,0.7 ) ,NIntNCINInt
A=(x 0.7.0.4.0.8}.{x,0.7,0.6,0.8)< {1,0.7,0.4,0.8}, A
<NIntNCINInt A.Hence A = {x,0.7,0.6,0.8 } is
Neutrosophic feebly-open set.

Proposition 2.13 Every Neutrosophic open set is
Neutrosophic feebly- open set.

Proof: Let A be a Neutrosophic open set in X. Then
A =NInt A.Since A<NCl A,A<NCINInt A.
SinceNInt A <NIntNCINInt A, A<NIntNCINInt A.
Hence A is Neutrosophic feebly open set.

Example 2.14 The following example shows that
the reverse implication is not true .That is ,A is

Neutrosophic feebly open set but A is not a
Neutrosophic open set.Let X = {x}and ©={({x,0,0,1)
,4x,1,10 ), {x,050.206 } , (%,0.7,04,08 } ,
{x,0.7,0.4,0.6 }, {x,0.5,0.2,0.8 ) }. Then ( X, 1) is a
Neutrosophic  topological space. Let A =
{x,0.7,0.6,0.8} is not a Neutrosophic open set
.ThenNInt A = {x,0.7,0.4,0.8).The corresponding
Neutrosophic closed sets 7 ={{=,1,0,0 ) ,{x,0,1,1} ,
{x,0.6,0.2,05 } , {x,0.8,04,0.7 } ,{x,0.6,04,0.7 } ,
{x,0.8,0.2,0.5}) }. Now NCINIntA ={,0.8,0.2,0.7}
NIntNCINInt A= {x0.7.0.4,0.8). This implies
thatA< NIntNCINIntA. Hence A is Neutrosophic
feebly open set .

Proposition 2.15 If A and B be two Neutrosophic
feebly open set then AUB is Neutrosophic feebly
open set.

Proof: If A and B be two Neutrosophic feebly open
set .Then by Proposition 2.11,

A < NIntNCINInt A and B < NIntNCINInt B. Now
AUB < (NIntNCINIntA )U(NIntNCINInt B). Since
Nint A UNInt B <NInt (AUB), AUB < Nint
(NCINInt AUNCININntB). Again by Proposition
1.18, AUB < Nint (NCI(NIntAUNIntB)). By using
Proposition 1.18, AUB < NInt NCI NiInt (AUB).
Hence AUB is Neutrosophic feebly open set.

Proposition 2.16 Arbitrary union of Neutrosophic
feebly open sets is a Neutrosophic feebly open set.

Proof: Let {A,} be a collection of Neutrosophic
feebly open sets of a Neutrosophic topological space
X. Then by Definition 2.10, There exists a
Neutrosophic open set V, such that V, <A, < NSCI
V, for each a. Now, U V,<UA, < UNSCIV, . By
Proposition 6.5 in [6] , U V,<UA, < NSCI(U V,).
Hence UA,is a Neutrosophic feebly open set.

Example 2.17 Intersection of any two Neutrosophic
feebly open sets need not be a Neutrosophic feebly
open set as shown by the following example.

Let X = {and © = { {(x0.0.1}{x 110},
{(x0.5.05.04) , (x0.406038) , (x0.50604) ,
(% 0.4.0.5,0.8)} .Then ( X, 1) is a Neutrosophic
topological space. Let A ={x, 0.5,0.5.0.4}. Then Nint
A =({x 0.5.0.5.0.4}. The corresponding Neutrosophic
closed sets v = { (x1.0,0) , {x0,1.1)
: (x0.4.05,05) ,
(x0.8,0.6,0.4 ),(x 040605 ),(x,080504)}
Now NCINIntA = {x0.8.0.5.0.4 }. NIntNCINInt
A= (x0.5,0.6,0.4) This implies that A <
NIntNCINIntA.  Hence A = {x0.5.0.5.0.4) is
Neutrosophic feebly open set. Let B =
(% 0.6,0.5,0.6) .NIntB= (x 0.4.0.6,0.8) . NCINIntB
= {x0.8,0.5,04) NIntNCINInt
B= (x 0.5,0.6,0.4) B< NIntNCINInt B. Henc B
= (x0.6,0.50.6) is Neutrosophic feeblyopen
{x 0.5,0.5.0.6)

set.ANB = NInt(ANB)=
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{x0.4,0.5,0.8) NCINInt(ANB)=
(% 0.4.0.5,0.5) ANBZNCINInt(ANB). Hence ANB
=(x 0.5.0.5.0.8) is not a Neutrosophic feebly open
set.

Example 2.18 The following example shows that
Intersection of a Neutrosophic feebly open set with a
Neutrosophic open set may fail to be a Neutrosophic
feebly open set.

Let X = {xfand v ={(x,001 ) ,(x,1,1,0 ),
(x,0.2,04,03 ), {x,07,050.6} , (x,0.7,050.3 }
,4%,0.2,0.4,06 ) } . Then (X, 1) is a Neutrosophic
topological space. Let A = {x,0.8,0.6,0.5}. Then
NIntA = (x ,0.7,050.6 ) . The corresponding
Neutrosophic closed sets v ={{ x,1,0,0 } ,{x,0,1,1 } ,
{x,0.3,04,0.2} , {x,0.6,050.7}) , {x,0.3,0.50.7 } ,
{x,0.6,0.4,0.2)}. Now NCINIntA = {x,1,0,0 }. This
implies that A <NCINIntA .Hence A =
{x,0.8,0.6,0.5)is aNeutrosophic feebly open set .Let
B = {x,0.7,0.5,0.6} be aNeutrosophic open set. ANB=
{ x0.7,0506 ). ThenNInt( ANB ) =
{x,0.7,0.5,0.6 ) NCINInt(ANB )= {x,0.1,0,0 }. This
implies that ANBcNCINInt(ANB ). HenceANB=
{x,0.7,0.5,0.6}is not a Neutrosophic feebly open set.

Proposition 2.19 The Neutrosophic closure of a
Neutrosophic open set is a Neutrosophic feebly open
set.

Proof: Let A be a Neutrosophic open set in X.
Then A =NIntA .NCI A =NCINInt A. Since A <NClI
A, NInt A < NIntNCI A. Hence A <NIntNCINInt A
. Hence A is Neutrosophic feebly open set.

Proposition 2.20 Let A be Neutrosophic feebly open
in the Neutrosophic topological space ( X, t) and
suppose A<B<NSCI A , then B is Neutrosophic
feebly open.

Proof: Let A be Neutrosophic feebly open set in
the Neutrosophic topological space

(X,1). Then there exist a Neutrosophic open set U
such that USA<NSCIU. Since U<B, NSCIA<NSCI
B and thus B<NSCI1 U. Hence U <B<NSCI U. Hence
B is Neutrosophic feebly open.

Theorem 2.21 Let (X, 1) and (Y, o) be any two
Neutrosophic topological spaces such that X is
product related to Y. Then the product A;xA, of a
Neutrosophic feebly open set A; of X and a
Neutrosophic feebly open set A, of Y is a
Neutrosophic feebly open set of the Neutrosophic
product space X x Y.

Proof: Let A; be a Neutrosophic feebly open subset
of X and A, be a Neutrosophic feebly open subset of
Y. Then by using Proposition 2.11, we have A;
<NIntNCINIntA; and A, <NIntNCINIntA,. By using
Theorem 2.17 in [6], implies that A; xA;
<NIntNCINInt(A; xA,). By using Proposition 2.11,

A; xA, is a Neutrosophic feebly open set of the
Neutrosophic product space X x Y.

I11. NEUTROSOPHIC FEEBLY CLOSED SET

In this section, the concept of Neutrosophic feebly
closed set is introduced.

Definition 3.1 A Neutrosophic subset A of a
Neutrosophic topological Space (X , 1) is
Neutrosophic feebly closed if there is a
Neutrosophic closed set U in X such that NSInt
U<A<U.

Proposition 3.2 A Neutrosophic subset A is
Neutrosophic feebly closed ifNCINIntNCI A< A .

Proof: Necessity: If A is Neutrosophic feebly
closed, then by Definition 3.1, there is a
Neutrosophic closed set U such that NSInt U < A <
U. Now NCINInt U < A <U. NCI A < U=NCI U.
NCINIntNC1 A<NCINInt U< A. Hence NCINIntNCl
A <A.

Sufficiency: Assume that NCINIntNCl A < A. Take
U = NCI A. Then U is a Neutrosophic closed set in
X such that NSInt U <A <U. Therefore A is
Neutrosophic feebly closed set.

Proposition 3.3 Let A be a Neutrosophic feebly
closed set if A is Neutrosophic feebly open set.
Proof: A is Neutrosophic feebly closed set,
NCINIntNCl A <A. Taking complement on both
sides, (NCININtNCI A) ©> A®. A°<NIntNCINInt A®.
Hence A is Neutrosophic feebly open set.
Conversely, A® is Neutrosophic feebly open set,
AS<NIntNCINInt A®. Taking complement on both
sides,( A% “(NIntNCINInt A% € A
= NCI NIntNCIA . Therefore sNCINIntNCI A<A
.Hence A is Neutrosophic feebly closed set.
Example3.4 The following example is one of
the Neutrosophic feebly closed set.

Let X = {xfandt ={{x001} , {x11, 0},
{x,0.5,0.5,0.4},{x,0.4,0.6,0.8},{x,0.5,0.6,0.4},{x,0.4,0
.5,0.8}}. Then ( X, 1) is a Neutrosophic topological
space. Let A ={x,0.6,0.3,0.5} .The corresponding
Neutrosophic closed sets 7 ={ { X,1,00 }
4%,0,1,1},{x,0.4,0.5,0.5},{x, 0.8, 0.6, 0.4},{x, 0.4,
0.6, 051}, {x0.80504 %3} Then NCI A =
{X,0.8,0.5,0.4} .NIntNCI A= {X,0.4,0.5,0.8}. This
implies that NIntNCIA <A. Hence A =
{x,0.6,0.3,0.5} is Neutrosophic feebly closed set.

Proposition 3.5 Every Neutrosophic closed set is a
Neutrosophic feebly closed set.

Proof: Let A be a Neutrosophic closed set in X.
Then A =NCIA. Since Nint A<A, NIntNCIA<A.
That implies NCINIntNCIA<NC1 A. Thus
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NCINIntNCI A<A. Hence A is Neutrosophic feebly
closed set.

Example 3.6 The following example shows that the
reverse implication is not true. That is, A is
Neutrosophic feebly closed set, but A is not a
Neutrosophic closed set. Let X = {x}and 1t ={
{x,0,0,14,{x,1,1,0 ¥, {x,0.6,0.6,0.5 }, {x,0.5,0.7,0.9 },
(x0.2,0.3.0.5 ), (x,0.6,0.7,0.5 ), {x,0.5,0.6,09) }.
Then ( X, 1) is a Neutrosophic topological space.
The corresponding Neutrosophic closed setst ={{
x,1,0,0 } ,{x,0,1,1}, {x,0.5,0.6,0.6 } , {x,0.9,0.7,0.5 }
, £x05,0.7,06 } , {x090605 }} Let A =
{x,0.7,0.5,0.6} is not a Neutrosophic closed set.
Then NCI A = {x,0.9,0.6,0.5}). Now NIntNCIA
={x,0.5,0.6,0.9} .This implies that NIntNCIACA.
Hence A is Neutrosophic feebly closed set .

Proposition 3.7 If A and B be two Neutrosophic
feebly closed set then ANB is Neutrosophic feebly
closed set.

Proof: If A and B be two Neutrosophic feebly
closed set. Then by Proposition3.2, NCI Nint NCI A
< A and NCI NInt NCI B < B. (NCINIntNCI A)N
(NCINIntNC1 B)<ANB. By Proposition 1.18, NCI(
NInt(NCIANNCIB))< ANB. Again by Proposition
1.18, NCINInt(NCI(ANB))<ANB. That implies
NCINIntNCI(ANB) < ANB. Hence ANB is
Neutrosophic feebly closed set.

Proposition 3.8 Finite intersection of a
Neutrosophic feebly closed sets is a Neutrosophic
feebly closed set.

Proof: Let {Aj} be a collection of Neutrosophic
feebly closed sets of a Neutrosophic topological
space X. Then by Definition 3.1, there exists a
Neutrosophic closed set V; such that NSint V;<A; <
V; for each i. Now, NNSInt V; < NA; < NV;. By
Theorem 5.3 in [6], NSInt (NV;) <N A; < NV,
Hence N A;is a Neutrosophic feebly closed set.

Example 3.9 Union of any two Neutrosophic feebly
closed sets need not be a Neutrosophic feebly closed
set as shown by the following example.

Let X = {xtand © ={(x,001 ) ,(x,1,10},
{x,0.2,050.7}) , {(x,08,04,05) , {x,0.2,04,07 } ,
{x,0.8,0.5,0.5}} } . Then ( X, 1) is a Neutrosophic
topological space. The corresponding Neutrosophic
closed setst ={{x,1,0,0} 4x,0,1,1 ), {x,0.7,0.5,0.2 }
,{{x,05,0.4,08}, {x,0.7,04,0.2 ), {x,0.5,0.5,0.8 }}.
Let A = {x ,040309 ). Then NCI A =
{x,0.5,0.4,0.8}) . Now NIntNCIA ={x,0,0,1 }.This
implies thatNIntNCIACA. Hence A is Neutrosophic
feebly closed set. Let B = {x,0.4,0.5,0.6}.Then NCI
B = {x ,07,0502 } .Now NIntNCIB =
{x ,0.2,0.5,0.7 ¥ .This implies that NIntNCIBcB.
Hence B is Neutrosophic feebly closed set. AUB

=(x,0.5,0.5,0.6}}.Then NInt(AUB)= {x,0.4,0.5,0.8}.
NowNCINInt(AUB)= {x,0.4,0.5,0.5} .This implies
that NCINInt( AUB)zAUB. Hence AUB =
{x,0.5,0.5,0.6} is not a Neutrosophic feebly closed
set.

Example 3.10 Union of a Neutrosophic feebly
closed set with a Neutrosophic open set may fail to
be a Neutrosophic feebly closed set as shown by the
following example.

Let X = &dand 1 ={{x,001},{x,1,1,0},
{x,0.2,04,03 }, (x,0.7,0506} , {x,0.7,0503 } ,
{x,0.2,04,06 } }. Then ( X, 1) is a Neutrosophic
topological space. Let A ={x,0.8,0.6,0.5} .NInt A =
{x ,0.7,0.5,0.6 } .The corresponding Neutrosophic
closed setst ={{x,1,0,0} ,{x,0,1,1}} , {x,0.3,0.4,0.2 )
,1%,0.6,0.5,0.7 } , {x,0.3,0.5,0.7 } , {x,0.6,0.4,02} }.
NCINIntA ={x,.1,0,0} . A cNCINIntA .Henc A =
{x,0.8,0.6,0.5)is a Neutrosophic feebly closed set
.Let B = (x,0.7,0.5,0.6 } be aNeutrosophic closed
setAUB = {x ,07,0506 } .NInt(AUB)=
{%,0.7,0.5,0.6}.NCINInt(AUB)= {x,.1,0,0 }NCINInt(
AUB )z AUB. Hence AUB ={x,0.7,0.5,0.6 } is not
a Neutrosophic feebly closed set .

Proposition 3.11 The neutrosophic interior of a
neutrosophic closed set is a neutrosophic feebly
closed set.

Proof: Let A be a Neutrosophic closed set in X.
Then A =NCIA .Nint A =NIntNCIA . By
Proposition 2.15, NIntA < A, NInt NCI A<A,
NCINIntNC1 A<NCI A, NCINIntNCI A<A. Hence A
is Neutrosophic feebly closed set.

IVV. NEUTROSOPHIC FEEBLY CONTINUOUS
FUNCTIONS IN NEUTROSOPHIC TOPOLOGICAL
SPACES

We shall now consider some possible definitions for
neutrosophic feebly continuous functions.

Definition 4.1 [15] Let (X,t) and (Y,c) be two NTSs.
Then amap f: (X,1) = (Y,o) is called neutrosophic
continuous ( in short N-continuous ) function if the
inverse image of every neutrosophic open set in
(Y,o) is neutrosophic open set in (X,1).

Definition 4.2 Let (X,r) and (Y,c) be two
neutrosophic topological space. Then a map f: (X,1)
— (Y,0) is called neutrosophic feebly continuous
( in short NF-continuous ) function if the inverse
image of every neutrosophic open set in (Y,oc) is
neutrosophic feebly open set in (X,7).

Theorem 4.3 Every N-continuous function is NF-
continuous function.
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Proof : Let f: (X,;1) —» (Y,05) be N-continuous
function. Let V be a neutrosophic open set in (Y,oc).
Then f*(V) is neutrosophic open set in (X,t). Since
every neutrosophic open set is neutrosophic feebly
open set, f (V) is neutrosophic feebly open set in
(X,t). Hence f is neutrosophic feebly -continuous
function.

Remark 4.4 The converse of the above theorem is
need not be true as shown by following example.

Example 45 Let X =Y ={ a, b, c }. Define the
neutrosophic sets as follows :
A=((04,05,0.2),(0.3,0.2,0.1),(0.9,0.6,0.8)
)
B=((0.2,04,05)(0.1,0.1,0.2),(0.6,05,0.8)
)
C=((05,04,0.2),(02,0.3,0.1),(0.6,0.9,0.8)
Y and
D=((04,02,05),(0.1,0.1,0.2),(0.5,0.6,0.8)
>. NOWTz{ON,A, B, 1N}and8={0N, C, b, 1N}
are neutrosophic topologies on X. Thus (X,t) and
(Y,o) are NTSs. Also we define f: (X,1) - (Y,0) as
follows : f (@) = b, f (b) = a, f (c) = c. Clearly f is
NF-continuous function. But f is not N-continuous
function. Since E=((0.5,0.6,0.1), (0.4,0.3,0.1),
(0.9,0.8,0.5) ) is a neutrosophic open in (Y,c), f
Y(E) is not neutrosophic open set in (X,1).

Definition 4.6 Let ( X, t) be NTS and A = (X,
Ba(X), oa(X), va(X) ) be a NF in X. Then the
neutrosophic  feebly-closure and neutrosophic
feebly-interior of A are defined by

NFCI (A)=n{K:KisaNFC setinXand Ac K}
NFInt (A) = U {G : Gisa NFO setin X and G
A}
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