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I. INTRODUCTION

C.L. Chang [3] was introduced and developed fuzzy topological space by using L.A. Zadeh’s[18] fuzzy sets. Coker [4] introduced
the notion of Intuitionistic fuzzy topological spaces by using Atanassov’s[1] Intuitionistic fuzzy set. Neutrality the degree of
indeterminacy, as an independent concept was introduced by Smarandache [7] in 1998. He also defined the Neutrosophic set on
three component (t,f,i) =(Truth, Falsehood, Indeterminacy),The Neutrosophic crisp set concept was converted to Neutrosophic
topological spaces by A.A.Salama [12]. I.Arokiarani.[2] et al, introduced Neutrosophic a-closed sets. Wadei and saeid[17] are
introduced Neutrosophic upper and lower pre continuous multivalued function and R.Dhavaseelan and e.tal.[6] are investigated
Neutrosophic semi continuous function. Aim of this present paper is, we introduce and investigate a new class of continuous
multivalued function is called Neutrosophic a-continuous multivalued function in Neutrosophic topological spaces and its
properties and characterization are discussed details

Il. PRELIMINARIES

In this section, we introduce the basic Definition for Neutrosophic sets and its operations.

Throughout this paper, (X,7) is called classical topological spaces on X (represent as CTSX),(Y,ty,) is called Neutrosophic
topological spaces on Y (represent as NUTSY),The family of all open set in X (a-Open inX, semi-open in X and pre-open in X
respectively ) is denoted by O(CTSX).(aO(CTSX) , SO(CTSX) and PO(CTSX) respectively). The family of all Neutrosophic
open set in Y (a-Open in Y, semi-open in Y and pre-open in Y respectively ) is denoted by O(NUTSY).( aO(NUTSY) ,
SO(NUTSY) and PO(NUTSY) respectively). The family of all closed set in X (a-closed inX , semi-closed in X and pre-Closed in
X respectively ) is denoted by C(CTSX).( a-C(CTSX) , SC(CTSX) and PS(CTSX) respectively). The family of all Neutrosophic
Closed inY (a-closed in' Y , semi-closed in Y and pre-closed in Y respectively ) is denoted by C(NUTSY).(aC(NUTSY) ,
SC(NUTSY) and PC(NUTSY) respectively)

Definition 2.1 [7]

Let X be a non-empty fixed set. A Neutrosophic set A is an object having the form A= {<x, ua(X),ca(X),ya(X)> : X € X}.Where
ua(X), oa(x) and ya(x) which represent Neutrosophic of the degree of membership function, the degree indeterminacy and the
degree of non membership function respectively of each element x € X to the set Awith 0 <pa(X)+oa(X)+ya(x) < 1.

Remark 2.2[7]

we shall use the symbol

A =<X, ta, oa, ya> for the Neutrosophic set A = {<x, ua(x), ca(X), ya(x) >:xeX}.

Example 2.3 [7]

Every Intuitionistic fuzzy set A is a non-empty set in X is obviously on Neutrosophic set having the form A = { <x, ua(x), 1-
((Ha(X) +7A(X)), Ya(X) > 1 X € X}

Definition 2.4 [7]

we must introduce the Neutrosophic setOn and 1y in X as follows:

On be defined as:

On=9{<x, 0,0, 1>: x eX}

1n be defined as :

In={<x,1,0,0>: x € X}
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Definition 2.5 [7]
Let A= {<x, pa(X), oa(X), Ya(X)>: X€X} be a Neutrosophic set on X, Then the complement of the set A (A°) defined as A=
{<x, Ya(X) , oA(X), pa(X)>: X EX}

Definition 2.6 [7]
Let X be a non-empty set and Neutrosophic sets A and B in the form

A = {<x, pa(x), oa(x), ya(x)>: xeX} and

B = {<x, up(x), op(x), y5(x) )>: xeX }.

Then we consider A subsets of B (ASB ).
defined as: ASB < ua(X)< ug(X), oa(X)< 05(X), and ya(x) > y(X) for all xeX
Definition 2.7 [7]
Let X be a non-empty set, and Take A= {<X, ua(X), oa(x), ya(X)>: XxeX} andB = {<x, ug(x), a5(x), y5(x) )>: XeX }.are
Neutrosophic sets. Then
(i) ANB defined as :ANB ={<x, p,(X)Aug(X), 64 (X)Adg(X),ya(X V y5(X)>: xeX}
(if) AUB defined as :AUB ={<x, t,(X)Vug(x), c.(X)Vag(X), ya(X)Ays(X)> : xeX}
Definition 2.8 [7]
We can easily generalize the operation of intersection and union in Definition 2.7 to arbitrary family of Neutrosophic sets as
follows:
Let { Aj: j €J } be an arbitrary family of Neutrosophic sets in X, then

(1) NAjdefined as :  NAF{<X, Ajesttaj(X), Ajesoai(X),Vieryai(X) > :x €X }

(i) UAjdefined as :UAj={Vjeiuai(X), Veioai(X),Ajeryai(X) > :x €X}
Proposition 2.9 [9]

For all A and B are two Neutrosophic sets then the following condition are true:
(1) (ANB)°=A°UB®
(2) (AUB)C=ACNBC.
Definition 2.10 [10]
A Neutrosophic topology is a non -empty set X is a family 7, of Neutrosophic subsets in X satisfying the following axioms:
(i) On, InETy
(II) G1NGqeTy for any Gy, GzETN,
(iii) UGIiEeTy for every GieTy, i€l
the pair (X, Ty ) is called a Neutrosophic topological space.
The element Neutrosophic topological spaces of t, are called Neutrosophic open sets.
A Neutrosophic set A is closed if and only if A€ is Neutrosophic open.
Definition 2.11[10]
Let (X, Tyybe Neutrosophic topological spaces andA = {<x, pa(X), ca(X), ya(x)>: Xx€X} be a Neutrosophic set in X. Then the
Neutrosophic closure and Neutrosophic interior of A are defined by
Neu-cl(A) =N{ K :K is a Neutrosophic closed set in X and ACK}
Neu-int(A) = U{G :G is a Neutrosophic open set in X and GSA}.
Definition: 2.12[8]
Let (X, ty) be Neutrosophic topological spaces andA = {<X, ua(x), oa(x), ya(x)>: xeX} be a Neutrosophic set in X Then A is
called if Neutrosophic semi-open if ASNeu-cl(Neu-int(A)).
The complement of Neutrosophic semi-open set is called Neutrosophic semi-closed.
Definition: 2.13[10]
Let (X, Ty) be Neutrosophic topological spaces and A = {<x, ua(X), oa(x), ya(x)>: xeX} be a Neutrosophic set in X Then A is
called if Neutrosophic a-open set if ASNeu-int(Neu-cl(Neu-int(A))).
The complement of Neutrosophic a-open set is called Neutrosophic a-closed.
Definition: 2.14[10]
Let (X, 7y) be Neutrosophic topological spaces andA = {<x, ua(x), oca(X), ya(x)>: XX} be a Neutrosophic set in X then A is
called if Neutrosophic pre open set if ASNeu-int(Neu-clA)).
The complement of Neutrosophic pre-open set is called Neutrosophic pre-closed
Remark:2.15[11]
Let A be an Neutrosophic topological space (X, ty) .Then
(i) Neu a-cl(A) = AUNeu-cl(Neu-int(Neu-cl(A))).
(ii) Neu a-int(A) = ANNeu-int(Neu-cl(Neu-int(A))).
Definition 2.16[9]
Take r,s,t are belongs to real numbers 0 to 1 such that 0<r+s+t<1 .An Neutrosophic point s
is Neutrosophic set defined by

(r,s,t)ifx=p

Pees :{(0,0,1) ifx # p
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Take P(r,s,t) =<,p, ps. pr>Where p,., p. p.are represent Neutrosophic topological spaces 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
Definition:2.17

A Neutrosophic set A in Y is said to be quasi-coincident (g-coincident) with a Neutrosophic set B denoted by AgB, if and only if
there exists yeY such that A(y) + B(y) >1.
A Neutrosophic set I" of Y is called a Neutrosophic neighborhood of a fuzzy point y,, in Y if there exists a Neutrosophic open set
pinY suchthaty, e u <T
Remark: 2.18

AgB= AgZ B¢

Definition 2.19[9]
let X and Y be two finite sets. Define f:X—Y.If
A={<y, ua(y), oa(y), ya(y)>y€y} is an NS in Y, then the inverse image( pre image) A under f is an NS defined by f 1(A)=<x, f -
ua(x), f oa(x), f Lya(x) :xeX>. Also define image NS U=<x, uy(X), oy (X), Yy (X) :Xe€X:> under f is an NS defined by
f(U)=<y, f ua(y), foa (¥), fva ():yey>.where
fua(y)= {supua(x) if f* (y) #¢, x€f*(y)
0  otherwise
foa (y)= {supca(x) if f* (y) #, xef(y)
0 Otherwise
fra (y)= {infya (x) if F* (y) #¢, x€f*(y)
0 Otherwise
Definition 2.20[2]
A mapping f:(X, 7y, )—(Y, oy, ) is called a
(i)Neutrosophiccontinuous(Neu-continuous in short) if the pre image (inverse image) of Neutrosophic closed (Neu- closed in
short) set in ay,, is Neutrosophic closed sets (Neu- closed in short) in 7y,
(if)Neutrosophic a-continuous(Neu a - continuous in short) if the pre image (inverse image) of Neutrosophic closed (Neu- closed
in short) set in gy, is Neutrosophic o -closed sets (Neu a - closed in short) in 7,
(iii)Neutrosophic semi-continuous(Neu semi - continuous in short) if the pre image (inverse image) of Neutrosophic closed (Neu-
closed in short) set in oy, is Neutrosophic semi -closed sets (Neu semi- closed in short) in 7,
Definition 2.21.
Let (X,7) be a topological space in the classical sense and (Y,7y,) be an Neutrosophic topological space. F : (X,7) — (Y,7y,) IS
called a Neutrosophic multifunction if and only if for each x €X, F (x) is a Neutrosophic setin Y
Definition 2.22.
For a Neutrosophic multifunction F : (X,t) — (Y,zy, ), the upper inverse
F *(I') and lower inverse F~ (I') of a Neutrosophic set I' in Y are defined as follows:
F () ={x € X\F (x) <T'}and
F~ (1) = {x eX\F(x)ql'}.
Lemma 2.23.
For a Neutrosophic multifunction F : (X,1) — (Y,7y,),
we have F~ (1-T') =X - F *(I), for any Neutrosophic set T"in'Y
Definition 2.24[6]
A Neutrosophic multifunction F : (X,t) — (Y,zy,) is said to be
1.Neutrosophic upper semi continuous at a point xeX if for any I' e O(NUTSY), I' containing F(x) (that is , F (x) <T), there
exist xe U € O(CTSX) such that F (U) <T. (thatisU < F*(I')).
2.Neutrosophic lower semi continuous at a point x €X if for any I' € O(NUTSY), with F (x)gI" , there exist x € U € O(CTSX)
such that U cF~ (I).
3.Neutrosophic upper semi continuous (Neutrosophic lower semi continuous) if it is Neutrosophic upper semi continuous
(Neutrosophic lower semi continuous) at each point x €X.
Definition 2.25[17]
A Neutrosophic multifunction F : (X,t) — (Y,zy, ) is said to be
1.Neutrosophic upper pre -continuous at a point xeX if for any I' € O(NUTSY), I' containing F(x) (that is , F (X) <T), there
exist x€ U € PO(CTSX) such that F (U) <T. (thatis U < F*(I)).
2.Neutrosophic lower pre- continuous at a point x €X if for any I' € O(NUTSY), with F (X)qI" , there exist x € U € PO(CTSX)
such that U cF~ ().
3.Neutrosophic upper pre-continuous (Neutrosophic lower pre-continuous) if it is Neutrosophic  upper pre-continuous
(Neutrosophic lower pre-continuous) at each point x €X.
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Definition 2.26.

A Neutrosophic multifunction F :(X,t) — (Y,zy, ) is said to be

(i).Neutrosophic upper quasi -continuous at a point X for any I' € O(NUTSY), I' containing F(x) (that is, F (x) <T), there exist
X€ U € SO(CTSX) such that F (U) <T. (thatis U c F*(I"))

(if).Neutrosophic lower quasi- continuous at a point x €X if for any I' € O(NUTSY), with F (X)qI", there existx € U €
SO(CTSX) such that U cF~ (T).

(iif).Neutrosophic upper quasi-continuous (Neutrosophic lower quasi-continuous) if it is Neutrosophic upper quasi-continuous
(Neutrosophic lower quasi-continuous) at each point xeX.

Definition:2.27

Let A be an Neutrosophic set in Neutrosophic fuzzy topology space(Y,zy,).Then V is said to be a neighburood of A in Y if there

exist an Neutrosophic open set U of Y such that ACUCV.

IILNEUTROSOPHIC LOWER A- CONTINUOUS MULTIFUNCTION

In this section, we introduce the Definition for Neutrosophic Lower - continuous multifunction and its properties

Definition 3.1.

A Neutrosophic multifunction F : (X,t) — (Y,zy, ) is said to be

(i).Neutrosophic lower a- continuous at a point x €X if if for any I' eO(NUTSY), with F (x)qI", there exist x € U € aO(CTSX)

such that U cF~ ().

(ii).Neutrosophic lower a-continuous) if it is Neutrosophic lower a-continuous at each point xeX.

Theorem:3.2

Every Neutrosophic lower semi continuous multifunction is Neutrosophic lower a continuous multifunction.

Proof:

Take for any I € O(NUTSY), with F (xX)gI" , By our assumption ,there exist x € U € O(CTSX) such that U €F~ (I').This implies
there exist x € U € aO(CTSX) such that U €F~ (I').since open sets are a- open set in X.

Remark:3.3

Converse of the above theorem need not be true.

Example:3.4Consider X={a,b,c}, Y=[0,1] and take t ={@,{a },X} and 7y, ={0y, 1y, p(0.25,0.25,0.5),(0.3,0.3,0.4)} are
topology and Neutrosophic topology on X and Y respectively. We using the notion Neutrosophic point (constant) p(r,s,t)
=<(y,p-bs- br), Vy>.Define the Neutrosophic multifunction F : (X,1) — (Y,7y,) by F(a)=p(0.7,0.2,0.1) ,F(b)= p(0.4,0.3,0.3),
F(c)= p(0.75,0.10,0.15) ,F is Neutrosophic lower a continuous multifunction but not Neutrosophic lower semi continuous
multifunction. Since F~(p(0.25,0.25,0.5)) ={a,c} and F~($((0.3,0.3,0.4))) ={a, c}are a- open set in X but not open set in X.

Theorem:3.5

Every Neutrosophic lower acontinuous multifunction is Neutrosophic lower quasi semi continuous multifunction

Proof:

For any I' eO(NUTSY), with F (xX)gI" . By our assumption , there exist x € U € aO(CTSX) such that U =F~ (I').This implies ,
there exist x € U € SO(CTSX) such that U €F~ (I')..since a- open sets are semi open set in X.

Remark:3.6

Converse of the above theorem need not be true.

Example:3.7

Consider X={a, b, c}, Y=[0,1] and take =={@, {a Hc}a,c},X } and 7y, ={0y, 1y, p(0.25,0.25,0.5), $(0.3,0.3,0.4)} are topology

and Neutrosophic topology on X and Y respectively. We using the notion Neutrosophic point (constant)  p(r,s,t)
=<(y,b,Ps- b¢), Vy>.Define the Neutrosophic multifunction F : (X,7)—(Y,zy,) by F(a)=p(0.7,0.2,0.1) ,F(b)= $(0.4,0.3,0.3),
F(c)= p(0.75,0.10,0.15) ,F is Neutrosophic lower quasi semi continuous multifunction but not Neutrosophic lower a semi
continuous multifunction. Since F~(((0.25,0.25,0.5))) = {a, c} and F~(((0.3,0.3,0.4))) ={a,clare semi-open set in X but
not a- open set in X.

Theorem:3.8

Every Neutrosophic lower a continuous multifunction is Neutrosophic lower pre continuous multifunction.

Proof: :

For any I' € O(NUTSY), with F (x)qI" ,By our assumption , there exist x € U € aO(CTSX) such that U cF~ (I').This implies ,
there exist X € U € PO(CTSX) such that U €F~ (I').since a- open sets are an pre open set in X.

Remark:3.9

Converse of the above theorem need not be true.

Volume XI, Issue IX, September/2019 Page N0:1363



The International journal of analytical and experimental modal analysis ISSN NO: 0886-9367

Example:3.10

Consider X={a,b,c,d },, Y=[0,1] and take =={®,{a HcHa,c},X}and t :{0 1 [:‘)(l : 1) p(l 1 3)} are topology and
»yYU, Ly I} 1) ’ ) ) NY N» AN 4;4)2 ) 3)3;3 y

Neutrosophic topology on X and Y respectively. We using the notion Neutrosophic point (constant)  p(r,s,t)

=<(y, b.bs.P:), ¥y >Define the Neutrosophic multifunction F:(X,1)—(Y, 7s, ) by F@=p(3,=,2) Fb)= p(5,2.3),

F(c)= p(;,%,é) and F(d)= p(giz)F is Neutrosophic lower pre continuous multifunction but not Neutrosophic lower «a

continuous multifunction. Since F~p (l 2 1)) ={a,b,c}and F~(p (1 2 l)) ={a,b,c}are pre-open set in X but not a- vopen

2’474 3’3’3
set in X.
Remark 3.11. We obtain the following diagram from the results we discussed above.
Diagram-1

Neutrosophic multifunction Neutrosophic multifunction

AS %

Lower a continuous
Neutrosophic multifunction

]

Lower semi continuous
Neutrosophic multifunction

Lower quasi semi continuous l t lower pre continuous J

Where A —» B represents A implies B

IV. NEUTROSOPHIC UPPER A- CONTINUOUS MULTIFUNCTION.
In this section, we introduce the definition for Neutrosophic upper «- continuous multifunction and its properties
Definition 4.1.
A Neutrosophic multifunction F : (X,t) — (Y,zy,) is said to be
(). Neutrosophic upper a -continuous at a point xeX if for any I'e O(NUTSY), I containing F(x) (that is , F (x) <T), there
existsx € U € aO(CTSX) such that F (U) <T (that is,UcF*(I)).
(ii). Neutrosophic upper a-continuous) if it is Neutrosophic upper a-continuous at each pointxeX.
Theorem:4.2
Every Neutrosophicupper semi continuous multifunction is Neutrosophicuppera continuous multifunction.
Proof:
For any T'e O(NUTSY), I containing F(x) .By our assumption , there exists x € U €O(CTSX) such that F (U) <T'. This implies
there exists x € U € aO(CTSX) such that F (U) <T" .since open sets are an a- open set in X.
Remark:4.3:
Converse of the above theorem need not be true.
Example:4.4
Consider X={a,b,c} , Y=[0,1] and take t={@,{b},X} and 7y, ={0y, 15,p(0.7,0.1,0.2),(0.3,0.4,0.3)} are topology and

Neutrosophic topology on X and Y respectively. We using the notion Neutrosophic point (constant)  p(r,s,t)
=<(y,p,bs. pr), Vy>.Define the Neutrosophic multifunction F : (X,1) — (Y,7y,) by F(a)=p(0.3,0.1,0.6) ,F(b)=p(0.5,0.2,0.3),
F(c)= p(0.8,0.1,0.1) ,F is Neutrosophic upper «a continuous Neutrosophic multifunction but not Neutrosophic upper semi
continuous Neutrosophic multifunction. Since F*(p(0.7,0.1,0.2)) ={a, b} and F*(p(0.3,0.4,0.3)) ={a, b} are a- open set in X
but not open set in X.

Theorem:4.5

Every Neutrosophic upper a- continuous multifunction is Neutrosophic upper quasi semi continuous multifunction.

Proof:

For any T'e O(NUTSY), I' containing F(x) .By our assumption , there exists x € U € aO(CTSX) such that F (U) <T. This
implies there exists x € U € SO(CTSX) such that F (U) <T.sincea- open sets are semi open set in X.
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Remark:4.6

Converse of the above theorem need not be true.

Example:4.7

let X={a,b,c}, Y=[0,1] and take ={@,{a},{c},{a,c},X} and 7y, = {ON, 1y,p (géé)b G;g)} are topology and

Neutrosophic topology on X and Y respectively. We using the notion Neutrosophic point (constant)
p(rst) =<(y, p,Bs.p,), Vy>.Define the Neutrosophic multifunction F:(X,1)—(Y,7y,) by F(a):f)(4 L 1) F(b)= f)(l 1 l)‘

6’6’6

27474
F(c)=p (311—411—4) is Neutrosophic upper a continuous Neutrosophic multifunction but not Neutrosophic upper semi continuous
Neutrosophic multifunction. Since F*(p G,%,%)) ={a,b}and F*(p (%%%)) ={a,b} are semi-open set in X but not a- open set
in X.
Theorem: 4.8

Every Neutrosophic upper a continuous multifunction is Neutrosophic upper pre continuous multifunction.

Proof:

For any I'e O(NUTSY), I' containing F(x) .By our assumption , there exists x € U € aO(CTSX) such that F (U) <T. This
implies there exists x € U € PO(CTSX) such that F (U) <T" since a- open sets are pre open set in X.

Remark:4.9 Converse of the above theorem need not be true.

Example:4.91 Consider X= {a,b,cd}, Y= [0,1] and take = {0,{a}{cHa,c}, X} and
Ty, ={0n, 1y, £(0.5,0.25,0.25), £(0.3,0.3,0.4) } are topology and Neutrosophic topology on X and Y respectively. We using the
notion Neutrosophic point (constant) p(r,s,t) =<(y,p,-ps. p,), Vy>.Define the Neutrosophic multifunction F : (X,7) — (Y,zy,) by
F(a)=p(0.4,0.2,0.4) ,F(b)= p(0.4,0.35,0.15), F(c)= p(0.5,0.25,0.25) and F(d)= p(0.4,0.3,0.3) ,F is Neutrosophic upper pre
continuous Neutrosophic multifunction but not Neutrosophic upper a continuous Neutrosophic multifunction. Since
F*(p(0.5,0.25,0.25)) ={a,b,c}and F*p(0.3,0.3,0.4)) ={a,b,c} are pre-open setin X but not a- vopen set in X.

Remark 4.92

We obtain the following diagram from the results we discussed above.

Diagram-11

Upper pre continuous

Upper quasi semi continuous
Neutrosophic multifunction

Neutrosophic multifunction

Al %

Upper a continuous
Neutrosophic multifunction

]

Upper semi continuous
Neutrosophic multifunction

Where A—»B represents A implies B
V. PROPERTIES ABOUT LOWER AND UPPER a CONTINUOUS MULTIFUNCTION

In this section, we derive some application about Lower and Upper @ Continuous Multifunction.

Theorem 5.1.

Let F: (X,7) — (Y, 7y,) be an Neutrosophic multifunction and let x eX. Then the following statements are equivalent:
(a) F is Neutrosophic lower a-continuous at x.

(b) Every {i € O(NUTSY) with F(x)q{i, implies x € sCl (zntF-('Q')).

(c) For any x € U € SO(CTSX)and for any ) € O(NUTSY) with F(x)q{}, there exists a non empty open set B c W such that
F(v)qQ, forallv € B.
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Proof.

(@)= (b). Assume that F is Neutrosophic lower a-continuous at xand x e Xand { € O(NUTSY) with F(x)q{.By our
assumption . there exist W € a0 (CTSX) such that x € W and F(W)q{.Thus x € W < F~({). Then, W € a0(CTSX) implies
W c sCl(Int(W)).we get x € sCl(IntF~{).(b)=>(c).Take,{l € O(NUTSY) with F(x)q{ then x € sCl(IntF~({)). Let x eUe
SO(CTSX).Then W n Int(F~(9)) # @ .Let us consider, B = W nInt(F~({)) #® . Then V € SO(CTSX). B ¢ W,B #
@andF (v)q&for all v € B (c) =(a). Let {W,} €SO(CTSX) be the system of the semi-open sets in X containing x. For any semi-
open set W < Xsuch that x € W and any Neutrosophic open set { of Ysuch that F(x)q(, there exists a non empty open set
By © W.such that F(v)q{).Forall v € By, .LetV =Uycy, By, Then W is open in X, x € sCI(W) and F(v)qQ, forall v €
WPUA = Vu{x}thenA c S csCL(A).Thus S € a0(X),x € Sand F(v)q{l, for all v € S.Hence F is Neutrosophic lower
a-continuous at X .Hence F is Neutrosophic lower a-continuous at x.

Theorem 5.2.

For an Neutrosophic multifunction F: (X,7) — (Y, 7y,) and let x € X, the following statements are equivalent:

(1) F is Neutrosophic lower a-continuous.

(2) F~(G) € a0(CTSX),for every G € O(NUTSY).

(B)F* (V) € aC(CTSX)foreach V € C(NUTSY).

(4) sint(CL(F*(B))) c F*(Cl(B))for any Neutrosophic set Bof Y.

(5) .F(sInt(CI(A) =CI(F(A) for each subset A of X.

(6)F(aCl(A))=CI(F(A)) for each subset A of X.

(7) aCl(F*(B)) < F*(CI(B)) for each Neutrosophic set Bof Y.

(8)F(CI(Int(CI(A)))) c CI(F(A) for any A of X.

Proof.

(1)=2(2). Let G be any Neutrosophic open set of Y and x € F~(G). So F(x) q G , since F is Neutrosophic lower a - continuous
multi function, it follows that x € sCl(IntF~(G)). we obtain F~(G) < sCl(IntF*(G))).Hence ,F~(G) € a0(X).(2) = (1). Let
X be arbitrarily chosen in X and G be any Neutrosophic open set of Y such that F(x)qG, so x € F~(G). By hypothesis F~(G) €
a0(CTSX), we have x € F~(G) c sCl (Int(F‘(é)))and thus F is Neutrosophic lowera — continuous at x ,As X is arbitrarily
chosen, F Neutrosophic lower a-continuous.(2) = (3). It follows from the fact that [F~(4)]¢ = F*(A°) for every Neutrosophic
set A of Y and compliment of every open set is always closed.(3) = (4). LetBbe any Neutrosophic open set of Y .since CI(B) is
Neutrosophic closed set in Y .Then by (c),F*(Cl(E)) is an a — closed set in X. Thus we have F+(Cl(§)) )
sint (cz (F+(CI(E)))) 5 sint (cz(F+(1§)))

(4) = (5). Let A be an arbitrary subset of X.Let us put F(A)= BThen A =F*((B)).Therefore , sIntCL(A) =sIntCI(F*(B)))=
F*(cl(B)). Therefore F(sIntCI(A)) = F(sIntCI( F*(B))) < F(F*(cl(B)) < cl(B) = cl(F(A)). (5) = (3) . Let B be any
Neutrosophic closed set of Y .

Put A= F*(B). Then F(A) c (B). Therefore , we have F(sInt(CI(A)) c cl(B) = (B)and F* (F(sInt(CI(A)) c¢ F*cl(B) = F*(B)
but we know that F*(F(sInt(CI(A)) =sIntCI(A).Hence sIntCI(A) c¢ F*(B) .F*(B)is closed set inX. (3) = (6) Since Ac
F*(F(A)), We have Ac F*(CIF(A)) . Now CIF(A) is Neutrosophic closed set in Y and by hypothesis F*(CIF(A)) is a —
closed set in X.Thus aCl(A) ¢ F*(CIF(A)) .We get F(aCl(A)) c F(F*(CIF(A)) c (CIF(A). (6) = (3) Let Bbe any
Neutrosophic closed set of Y.Put A= F*(B).We get F(aCl(F*(B)) c¢ F(F*(CIF(F*(B)) c (CIF(F*(B)=B.

Consequently aCl(F*(B) ¢ F*(B but aCl(F*(B) > F*(B).Thus F*(B) is a-closed set in X. (6) = (7) Let B be any
Neutrosophic closed set of Y and F(aCL(F*(B)) c CIF(F*(B) c CI(B). Thus aCl(F*(B) c F*CI(B). (7) = (8) replacing
(B)by F(A).where A is a sub set of X. aCl(A) < aCL(F*(F(A)) < F*CL(F(A)). This implies F(aCl(A)) < F(aCL(F*(F(A))

c F*CI(F(A)) = CI(F(A)). (5) = (8). It is clearly true. (8) = (1). Letx € X and V be an Neutrosophic set in such that
F(x)qV . Thus x € F~(V). We have to prove that F~(V)is a — open set in X. We have F(CI(Int(CI( F*CI(V))) <
CL(F(F*(V¢)) < V¢ Which implies CI(Int(CI(F*CL(V°))) € F*(V)=F~ (V). Therefore F~(V) < Int (CI(Int F~(V))). Hence
F~(V) is an a-open set in X.we get U € a0 (CTSX) such that x € Uand F(u)qV, for all u € U.Hence F is Neutrosophic lower a-
continuous
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Theorem 5.3.

For an Neutrosophic multifunction F : (X,7) — (Y, 7y,) and let x € X, the following statements are equivalent:

(@) F is Neutrosophic upper a-continuous at x.

(b) For each Neutrosophic open set G of Y with F(x) < G, there results the relation x € sCl(Int(F*(G).

(c) For any semi-open set U c X containing x and for any Neutrosophic open set Gof Y ,F(x) c G, there exists a non empty
opensetV € U.suchthat F(V) c G.

Proof.

(@=(b). Letx € X and G be any Neutrosophic open set of Y such that F(x) c G, there is aU € a0O(CTSX).such thatx € U
and F(u) € G, forallu€e U .Thus x € U c F*(G). Since U € a0(X),U c sCl(Int(U)) c sCl(Int(F*(G) ).Hence ,x €

sCl (Int(F‘“(G_))).(b):)(c). LetGbe any Neutrosophic open set of Y such that F(x) c G, then x € sCl (Int(F*(G))).Let Uc

X be any semi-open set such that x € U.Then UN Int(F*(G))) # @.PutV = Un Int(F*(G_)).Then V is an semi-open set in
X,V cU,V#@and F(V) c G.(c)=(a). Let {U, }be the system of the semi-open sets in X containing x. For any semi-open set
U < X such that x € U and Gbe any Neutrosophic open set of Y such that F(x) c G, there exists a non empty open set G,
U.suchthat F(Gy) € G

Let W = Uyey, Gy, Then W is open , x € sCI(W) and F(w) G. for allve W Put S = Wu{x}, then W cSc
sCI(W).Thus S € aO(CTSX),x € Sand F(w) c G,.for all w € SHence F is Neutrosophic upper a —continuous at x.

Theorem 5.4.

For an Neutrosophic multifunction F : (X,t) — (Y,I) and let x € X, the following statements are equivalent:

(@) F is Neutrosophic upper a-continuous.

(b) F*(G) € a0(CTSX),for every Neutrosophic open setG of Y .

(c)F~(B) € aC(CTSX)for each Neutrosophic closed set Bof Y.

(d) For each point x € X and for each neighborhood Vof F(x) in Y, F*(V) is a a- neighborhood of x.

(e) For each point x € X and for each neighborhood V of F(x) in Y , there is an a - neighborhood U of x such that F(U) c V.

(f) aClL(F~(B)) c F~(Cl(B)) for each Neutrosophic set Bof Y.

(9) sInt(CL(F~(B))) < F~(Cl(B))for any Neutrosophic set Bof Y.

Proof.

(2)=(b). Let ¥ be any Neutrosophic open set of Y and x € F*(V7). We getx € sCI(IntF*(V)). Therefore, we obtain F* (V) c
sCl(IntF*(V))).Hence ,F*(V) € a0(CTSX).(b) = (a). Let x be in X and G be any Neutrosophic open set of Y such that F(x) c

G, so x € F*(G). By assumption F*(G) € a0(CTSX), we have x € F*(G) c sCl (lnt(F"(G_))) and Thus F is Neutrosophic

upper a — continuous at x .Hence F is Neutrosophic upper a-continuous.(b) = (c). It follows from the fact that [F~(4)]¢ =
F*(A°) for every Neutrosophic set 4 of Y and compliment of every open set is always closed.(c) = (f). LetBbe any Neutrosophic
open set of Y .Then by (c), F~(CI(B))is an a-closed set in X.

Thus we have F~(CL(B)) o sint (Cl (F‘(Cl(t_?)))) > sint(CL(F~(B))) 2.F~(B)[sInt(CI(F~(B))) o aCl(F~(B)).(f) =

(9). Let Bbe any Neutrosophic open set of Y .we have aCI(F~(B)) = F~(B) (sint(CI(F~(B))) € F~(CL(B))(g) = (c). Let

Bbe any Neutrosophic closed set of Y . Then we have, sint(CIL(F~(B))) € F~(B)(sInt(CL(F~(B))) c F~(Cl(B):Hence

F~(B) € aC(CTSX).(b) = (d). Letx € X and V be a neighborhood of F(x) in Y . Then there is an Neutrosophic open set Gof

Y.such that (x) € G ¢ V. Hence, x € F*(G) c F*(V).Now by hypothesis F*(G) € a0(CTSX), and Thus F*(V) is an a-

neighborhood of x.(d) =(e). Let x € X and V be a neighborhood of F(x) in Y . Put U = F*(V).Then U is an a-neighborhood of

xand F(U) c V. () = (a). Letx € X and 7 be an Neutrosophic set in Y.such that F(x) < V., Being an Neutrosophic open set in

Y , is a neighborhood of F(x) and according to the hypothesis there is a a-neighborhood U of x such that F(U) c V.Therefore

there is A € a0(CTSX) such that x € A c U and hence F(A) ¢ F(U) c V.

Corollary 3.10

For a multifunction F: X — Y and point xeX the following statements are equivalent :

(@) F is lower a-continuous at x.

(b) For each non-empty open set B of Y with F(x) N B # @, impliesx € sCl(Int(F~(B)).

(c) For any semi-open set U of X containing x and for any non-empty open set B of YwithF(x) N B # @,, there exists a non
empty open set V c Usuchthat F(x) N B # @, forallve V
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