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1. INTRODUCTION

The idea of “Neutrosophic set” was initiated by F. Smarandache [11] which is based on
K.Atanassov’s Intuitionistic fuzzy sets. A.A.Salama introduced neutrosophic topological spaces 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
2007, S.S. Benchalli and R.S. Wali[4]introduced RW-Closed sets in topological Spaces. The authors D.
Savithiri and C. Janaki [12] introduced Neutrosophic RW-Closed sets in neutrosophic topological
spaces.

In this article, we introduce Neutrosophic RW- continuous and irresolute maps, neutrosophic
RW-open and closed maps and also we discuss some of its properties.

2. TERMINOLOGIES

We recall some important basic preliminaries, and in particular, the work of Smarandache [5]
and Salama[10].
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Definition 2.1:[5] Let X be a non-empty fixed set a Neutrosophic set (NS for short) A is an object
having the form A = < x, pa(x),oa(x),ya(X)> , xeX where pa(x), oa(x), ya(x) which represents the degree
of membership function, the degree of indeterminacy and the degree of non-membership function
respectively of each element xeX to the set A.

Remark 2.2: [7] For the sake of simplicity A neutrosophic set A = {x, na(x),oa(x),ya(x)> ; xeX} can be
identified to be an ordered triple < pa,0a, 74> .

Definition 2.3:[10] The neutrosophic subsets Oy and Iy in X are defined as follows:
On may be defined as:

(01) ON={<x,0,0,1>; x X}

(02) ON={<x,0,1,1>; x eX}

(03) ON={<x,0,1,0>; x eX}

(04) ON={<x,0,0,0>; x X}
In may be defined as :

(1) Wn={<x,1,0,0>;x eX}

(12) W={<x1,0,1>;x eX}

(13) Wn={<x,1,1,0>;x eX}

(la)) INn={<x,1,1,1>;x eX}

Definition 2.4: [10] Let A = < pa,0a, 74> be a NS on X, then the complement of the set A [C(A) for
short] may be defined as three kinds of complements :

(C1) C(A) ={ <x, 1- pa(x), 1-oa(x), 1-ya(x)>; xe X}
(C2) C(A) ={<x, ya(x), oalx), pal(x) > ; xe X}
(G3) C(A) ={ <x, va(x), 1-0a(x), pa(x) >; xe X}

Definition 2.5: [10] Let X be a nonempty set and neutrosophic sets A and B in the form A = {< x,
UA(X);GA(X);YA(X)> , XGX} and B = {< X, HB(X)IGB(X);YB(X)> , XEX}.

Then we may consider two possible definitions for subsets (A < B).
A c B may be defined as :

Q) A cC B < pa(x) < ps(x), oalx) £ os(x), and ya(x) 2 ys(x) ¥ x € X

2 A C B < palx) < ps(x), oa(x) = os(x), and ya(x) = ys(x) V x € X

Proposition 2.6: [10] For any neutrosophic set A, the following conditions are holds :
(1) OncA,OnC Iy
(2) AcIn, Inc In

Definition 2.7: [10] Let X be a nonempty set. Let A = {< X, Ha(x),0a(x),ya(x)> , xeX} and B = {< x,
ps(x),08(x),ys(x)>, xeX} are NS sets. Then

(1) AN B may be defined as :

(11) A n B = < x, min(ua(x),1s(x)), min(ca(x),os(x)) , max(ya(x), va(x)) >
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(12) AN B = <x, min(pa(x),Hs(x)), max(ca(x),os(x)) , max(ya(x), ys(x)) >
(2) A U B may be defined as :

(l) AL B = <x, max(pa(x),He(x)), max (ca(x),c8(x)) , min (ya(x), ys(x)) >
(l2) AU B =< x, max (ua(x),Hs(x)), min(ca(x),ce(x)) , min (ya(x), ys(x)) >

We can easily generalize the operations of intersection and union in definition 2.7 to the arbitrary
family of NSs as follows:

Definition 2.8: [11] Let {A; : je] } be a arbitrary family of NS sets in X, then

(1) N Aj may be defined as

() A =<x Ajer g (), Ajes Op (X), Vies 7 (X)

(ii) N A = <X, Ajas Ha, (x), Vies Op (x), Ve Y, (x)

(2) U Aj may be defined as

() A =<x Vies fp (X)), Vier T p (X), Ajes 7, (X)

(i) O A =<x, Vies pp (X}, Ajes T p (X)), Ajes 7 (X)

Proposition 2.9: [10] For two NS sets A and B the following conditions are true:
(1)C(AnB)=C(A)uwC(B)

(2)C(AuUB)=C(A)nC(B)

Definition 2.10: [10] 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:

(l)ON,|NE‘C,
(2) Gin Gy, e tforany Gy, G, € 1,
(3)uGietforevery{G:iel}lcr

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

Definition 2.11: [10] The complement of A [C(A) for short] of NOS is called a neutrosophic closed set
[ NCS for short] in X.

Now, we define neutrosophic closure and neutrosophic interior operations in neutrosophic
topological spaces:

Definition 2.12: [10] Let (X,t) be NTS and A = < x, Ha(x),0a(x),ya(x)> be a NS in X. Then the
neutrosophic closure and neutrosophic interior of A are defined by

NCI (A)=n{K:KisaNCSinXand Ac K}
Nint (A)=uU{G:GisaNOSinXandGcA}

Proposition 2.13: [10] For any neutrosophic set A in (X,t) we have
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(a) NCI (C(A)) = C( NInt(A) )

(b) NiInt (C(A)) = C( NCI(A) )

Proposition 2.14: [11] Let (X,t) be a NTS and A,B be two neutrosophic sets in X. Then the following

properties are holds :

a)
b)

c)

Nint (A) c A

A < NCI (A).

A < B = Nint (A) = Nint (B)

A < B = NCI(A) = NCI(B)

Nint (NInt (A) ) = Nint (A).

NCI (NCI (A) ) = NCI (A).

NInt (AnB) = Nint (A) N Nint (B)

NCI (AUB) = NCI (A) U NCI (B)

NInt (On) = Oy
Nint (I) = Ix
NCI (On) = Oy
NCI (In) = Iy

AcB= C(B)cC(A)
(n) NCI (AmB) < NCI(A) ~ NCI (B)

Nint (AUB) < Nint (A) U Nint (B)

Definition 2.15: [4] Let A be a neutrosophic set of a NTS X. Then A is said to be a

vi)

vii)

viii)

neutrosophic regular open set (shortly N, — open set) if A = NInt(NCI(A)).
neutrosophic regular closed set (shortly N, - closed set) if A = NCI(NInt(A)).

neutrosophic rg- Closed set [4] (shortly N,; — closed set) of X if there exists a neutrosophic
regular open set U such that NCI(A) — U whenever A c U.

neutrosophic rwg- closed set [6] (shortly N..; — closed set) of X if there exists a
neutrosophic regular open set U such that NCI(NInt(A)) < U whenever A — U.

neutrosophic w-closed set [6] (shortly N, — closed set) of X if there exists a neutrosophic
semi-open set U such that NCI(A) — U whenever A — U.

neutrosophic g-closed set [6] (shortly Ng — closed set) of X if there exists a neutrosophic
open set U such that NCI(A) < U whenever A — U.

neutrosophic m-open set [6] (shortly Nt — open set) of X if there exists a finite union of
neutrosophic regular open sets.

The complement of N-open set is called N -closed set.

neutrosophic gpr- Closed set [4] (shortly N, — closed set) of X if there exists a neutrosophic
regular open set U such that NCI(A) < U whenever A c U.
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Definition 2.16: [12] Let (X,t) and (Y,o) be any two Neutrosophic topological spaces

i)

vi)

vii)

A map f: (X,1) = (Y,0) is neutrosophic continuous if the inverse image of every neutrosophic
closed set in (Y,o) is neutrosophic closed set in (X,1).

A map f: (X,t) = (Y,0) is neutrosophic rg-continuous (shortly N - continuous) if the inverse
image of every neutrosophic closed set in (Y,5) is neutrosophic rg closed set in (X,1).

A map f: (X,1) — (Y,0) is neutrosophic rwg-continuous (shortly N..; - continuous) if the
inverse image of every neutrosophic closed set in (Y,5) is neutrosophic rwg closed set in
(X7).

A map f: (X,7) — (Y,0) is neutrosophic w-continuous (shortly Ny, - continuous)if the inverse
image of every neutrosophic closed set in (Y,5) is neutrosophic wclosed set in (X,7).

A map f: (X,1) = (Y,0) is neutrosophic gpr-continuous (shortly Ng, - continuous)if the
inverse image of every neutrosophic closed set in (Y,o) is neutrosophic gpr closed set in
(X,7).

A map f: (X,1) — (Y,0) is neutrosophic m-continuous (shortly N.- continuous) if the inverse

image of every neutrosophic closed set in (Y,5) is neutrosophic ntclosed set in (X,1).

A map f: (X,t) = (Y,0) is neutrosophic regular continuous (shortly N, - continuous) if the
inverse image of every neutrosophic closed set in (Y,5) is neutrosophic regular closed set in
(X,7).

Definition 2.17: [13] Let A be a neutrosophic set of a NTS X. Then A is said to be Neutrosophic RW-
Closed set (shortly N, — closed set) of X if there exist a neutrosophic regular semi-open set U such
that NCI(A) < U whenever A c U.

The complement of N — closed set is known as Ny — open set.

Definition 2.18:[12] (i) If B = (us,08,7s) is a

NS in Y, then the preimage of B under f denoted by f*(B) = ( f*(us), f*(cs), f(ys) ).

(ii) If A= (pa,0a,7a) is @ NS in X, the image of A under f denoted by f(A), is a NS in Y defined by f(A) = (
f(1a), f(on),f(va) )-

Corollary 2.18:[12] Let A, {Ai : i €J}, be NSsiin X and B, {B;: j €K} NS in Y, and f: X =Y be a function.
Then

a)
b)
c)
d)
e)
f)
g)
h)

Arc A < f(AL) = f(A),

B; = B, & f1(B1) = f1(B,).

A c fY(f(A)) and if f is injective, then A = f(f(A)).

f1(f(B)) = B and if fis surjective, then f(f(B)) = B.

F1(UB) = UFY(B)), FY(B) = ~F1(B)).

f(UA) = Uf(A), f(mA) < nf(A); and if f is injective, then f(NA)) = Nf(A)
£1(1n) = In , F1(On) = On.

f(In) = In, f(On) = On if fis surjective.
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3. NEUTROSOPHIC RW CONTINUOUS AND IRRESOLUTE MAPS

Definition 3.1: A map f: (X,t) — (Y,0) is neutrosophic rw-continuous (shortly N, - continuous) if the
inverse image of every neutrosophic closed set in (Y,o) is neutrosophic rw closed set in (X, 7).

Example 3.2: Let X = {a,b}, Y = {x,y}. The NSs U = {(0.5,0.5, 0.6), (0.7,0.5,0.6)), V =({(0.3,0.5,0.9), (0.5,
0.5,0.7)). Then 1 = {On,U, In}, o = {On,V,In}. Clearly (X,t) and (Y,o) are Neutrosophic topological spaces.
Define a map f :(X,1) — (Y,0) by f(a) = x, f(b) =y. Then f is neutrosophic rw-continuous map.

Theorem 3.3: Every neutrosophic continuous map is Nn, — continuous.
Proof: Straight forward.
Remark 3.4: The converse of the above theorem is not true as shown in the following example.

Example 3.5: In the example 3.2, f is a Nw- continuous map but it is not neutrosophic continuous
since A= {(0.9, 0.5,0.3), (0.7,0.5,0.5)) is NC set in (Y,o) but f1(A) is Nm- closed but it is not a
neutrosophic closed set in (X,1).

Theorem 3.6: A mapping f: (X,1) — (Y,0) is N~ continuous if and only if the inverse image of every
neutrosophic open set of Y is neutrosophic rw- open in X.

Proof: Obvious because f1(U) = [f1(U)]° for every neutrosophic set U of Y.

Theorem 3.7: If a function f: (X,7) — (Y,o) is Nww-continuous, then f(N..Cl(A)) < NCIf(A) for every
subset A of X.

Proof: Let A be a subset of (X,t). Then NCI(f(A)) is N~ closed in (Y,c) and A = f1(NCIf(A))), i.e., f
1(NCIf(A))) is Nrw-closed subset of X containing A. Hence NwCI(A) < fY(NCIf(A))), implies f(NWwCI(A)) <
NCIf(A).

Theorem 3.8: Every N, — continuous map is (i) Nz — continuous (ii) Nrwg — continuous (iii) Ngpr —
continuous.
Proof: Obvious.

Remark 3.9: The converse of the above theorem need not be true as seen in the following example.

Example 3.10: *Let X = {a,b}, Y = {x,y}. Neutrosophic open sets are U = ((0.1,0.5,0.9), (0.2,0.5,0.3)),V
={(0.8,0.3,0.1), (0.7,0.3,0.2)) Let T = {On,U,In} and o = {On,V,In} be neutrosophic topologies on X and Y
respectively. Define f: (X,t) = (Y,0) by f(a) = x, f(b) =y then fis both Nz — and Nnwe- continuous map
but it is not Nrw-continuous.

* Let X = {a,b}, Y = {x,y}. Neutrosophic open sets are U = {(0.3,0.5,0.7), (0.1,0.5,0.9)) , V =
((0.8,0.4.0.1), (0.9,0.4,0.1)). Let T = {On,U,In} and o = {On,V,In} be neutrosophic topologies on X and Y
respectively. Define f: (X,t) — (Y,o) by f(a) = x, f(b) = y. Then f is Ngp- continuous but it is not N~
continuous.

Theorem 3.11: Every (i) Nw — continuous (ii) Nz~ continuous (iii) N; — continuous function is Ny —
continuous.

Proof: Straight forward.

Remark 3.12: The converse of the above theorem is not true as shown in the following example.
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Example 3.13: * Let X = {a}, Y = {x}. The neutrosophic open sets are A; = {(0.6,0.6, 0.5)),A; =
{(0.5,0.7,0.9)), As = ((0.6,0.7,0.5)), As = ((0.5,0.6,0.9)), B1 = ((0.9,0.4,0.5)). Then T = {On, A1, Az, As,
A4, In}, o = {On,By,In} are neutrosophic topologies for X and Y respectively. Define f: (X,t) — (Y,0) by f
(a) = x. Then fis Nnw — continuous but it is not Ny — continuous.

* Let X = {a,b}, Y = {x,y}. Neutrosophic open sets are U={(0.7,0.5,0.8), (0.5,0.5,0.4)), V ={(0.5,0.5,0.4),
(0.7,0.5,0.8)). Let t = {On,U,In} and o = {On,V,In} be neutrosophic topologies on X and Y respectively.
Define f: (X,t) — (Y,o) by f(a) =y, f(b) = x then f is N.w — continuous but it is not N - continuous and
N, — continuous since A={((0.4,0.5,0.5), (0.8,0.5,0.7)) is NC set in (Y,c) but f1(A) is N~ closed but it is
not a neutrosophic mclosed and regular closed set in (X,1).

Remark 3.14: The composition of two neutrosophic rw-continuous map need not be a neutrosophic
rw-continuous map which is shown below by an example.

Example 3.15: Let X = {a}, Y = {x}, Z = {c}. The neutrosophic open sets are A; = {(0.6,0.6, 0.5)),A; =
((0.5,0.7,0.9)), A3 ={(0.6,0.7,0.5)), A4 = {(0.5,0.6,0.9)), B, = {(0.9,0.4,0.5)), C1=¢(0.9,0.4,0.4)). Let t =
{On, A1, Az, As, AgIn}, © = {On,B1,In}, M = {On,Cy,In}. Define maps f and g as f(a) = b, g(b) =c. Thenfand g
are N, — continuous but g°f : (X,t) — (Z,m) defined by g °f(a) = c is not N — continuous.

Theorem 3.16: If f: (X,T) — (Y,5) is neutrosophic rw continuous and g: (Y,6) — (Z,m) is neutrosophic
continuous then g°f: (X,t) > (Z,n) is Nw — continuous.

Proof: Let A be a NC set in (Z,n), then gY(A) is NC set by hypothesis. Since fis N, - continuous,
g°f}(A) = f(g(A)) is Nrw- closed in X, Hence g°f is Nn, — continuous. Theorem 3.17: If f: (X,1) = (Y,0)
is neutrosophic rw continuous and g: (Y,c) — (Z,m) is neutrosophic g-continuous and (Y,o) is
neutrosophic T1, then g°f: (X,1) > (Z,1) is Nrw — continuous.

Proof: Let A be a neutrosophic closed set in (Z,1), then by hypothesis, g*(A) is Ng — closed in Y. Since
Y is neutrosophic T/, g(A) is NC set in Y. Hence g°f}(A) = f1(g(A)) is Nrw — closed in X. Hence g°f is
Nww- continuous.

Definition 3.18: A map f: (X,t) — (Y,0) is neutrosophic rw-irresolute (shortly N, - irresolute) if the
inverse image of every neutrosophic rw closed set in (Y,o) is neutrosophic rw closed set in (X,t).

Theorem 3.19: If a map f: (X,t) — (Y,0) is neutrosophic rw-irresolute, then it is neutrosophic rw
continuous.

Proof: Obvious from the definitions.
Remark 3.20: The converse of the above theorem need not be true as seen in the following example.

Example 3.21: Let X = {a,b}, Y = {x,y}. Neutrosophic open sets are U = {(0.4,0.4,0.4), (0.3,0.3,0.3)),V1=
((0.4,0.6,0.5), (0.7,0.3,0.6)) , V2= ((0.3,0.6,0.8), (0.6,0.3,0.6)) Let T = {On,U,In} and & = {On,V1, V2, In} be
neutrosophic topologies on X and Y respectively. Define f: (X,t) — (Y,o) by f(a) = x, f(b) =y, then fis
Nrw — continuous but it is not Ny — irresolute.

Theorem 3.22: If f: (X,t) — (Y,0) and g: (Y,c) — (Z,1) are both neutrosophic irresolute maps then g°f:
(X,¥) = (Z,1) is Nw — irresolute.

Proof: Obvious.

Theorem 3.23: If f: (X,t) — (Y,0) is neutrosophic rw irresolute and g: (Y,c) — (Z,m) is neutrosophic
continuous map then their composition g°f: (X,t) = (Z,m) is Nrw — continuous.
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Proof: Straight forward.

The above discussions are implicated in the following diagram.

[ Neutro. cont. ]

g

[ N -irresolute ]
rw

4. NEUTROSOPHIC RW OPEN MAPS AND CLOSED MAPS

Definition 4.1: A mapping f: (X,t) — (Y,0) is neutrosophic rw-open (shortly N.,-open) map if the
image of every neutrosophic open set of X is neutrosophic rw-open setin Y.

Theorem 4.2: A mapping f: (X,t) — (Y,0) is neutrosophic rw-open if and only if for every
neutrosophic open set U of X, f(NInt(U)) < NwInt(f(U)).

Proof: Necessity: Let f be a N.w — open mapping and U is a NO set in X. Now NInt(U) < U which
implies that f(NInt(U)) < f(U). Since f is N.w — open map, f(NInt(U)) is neutrosophic rw open set in
Ysuch that f(NInt(U)) < f(U). Therefore f(NInt(U)) < N.wInt(f(U)).

Sufficiency: Suppose that U is a NO set of X. Then f(U) = f(NInt(U)) < NwInt(f(U)). But NnwInt(f(U)) <
f(U). Consequently f(U) = NnInt(U) which implies that f(U) is a N — open set of Y. Thus f is
neutrosophic rw-open.

Theorem 4.3: A mapping f: (X,1) — (Y,0) is neutrosophic rw-open if and only if for every
neutrosophic set S of Y and for each NC set U of X containing f(S) there is a Ny-closed set V of Y
suchthatScVand f}(V)cU.

Proof: Necessity: Suppose that f is N.w-open map. Let S be a NC set of Y and U be a NC set of X such
that f1(S) c U. Then V = f}(U°)° is a N,w closed set of Y such that f1(V) c U.

Sufficiency: Let F be a NO set of X. Then f(f(F))° = F® and F®is a NC set in X. By hypothesis there is a
Nrw- closed set V of Y such that (f(F))* = V and f1(V) c F. Therefore F < (f(V))<. Hence V¢ c f(F)  f((f
YV))9) < Vei.e., f(F) = V¢ which is N;w-open in Y and thus f is N,w-open map.

Theorem 4.4: If a mapping f: (X,T) = (Y,0) is neutrosophic rw-open then Nint(f1(G)) < f}(NwwInt(G))
for every neutrosophic set G of V.

Proof: Let G be neutrosophic set of Y. Then NIntf(G) is a NO set in X. Since f is N.w — open f(NIntf
YG)) < NrInt(f(f1(G)) < NrwInt(G)). Thus NInt(f1(G)) = f1(NmwInt(G)).

Definition 4.5: A mapping f: (X,t) — (Y,0) is neutrosophic rw-closed (shortly N,.-closed) map if the
image of every neutrosophic closed set of X is neutrosophic rw-closed set in Y.
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Theorem 4.6: A mapping f: (X,1) — (Y,0) is neutrosophic rw-closed if and only if for every
neutrosophic set S of Y and for each NO set U of X containing f*(S) there is a Nrw-open set V of Y such
thatScVand f1(V)cU.

Proof: Necessity: Suppose that f is Nnw-closed map. Let S be a NC set of Y and U be a NO set of X such
that f1(S) c U. Then V = f1(U)¢ is a N.w closed set of Y such that fY{V) c U. Then V = f}{U%is a Nyw-
open set of Y such that f}(V) < U.

Sufficiency: Let F be a NC set of X. Then f(f(F)) < F¢ and F¢is a NO set in X. By hypothesis there is
a Nn- open set V of Y such that (f(F))¢ < V and f1{(V) < F. Therefore F < (f(V))<. Hence V¢ < f(F) <
f((FY(V))°) < Ve i.e., f(F) = V¢ which is Nrw-closed in Y and thus f is Nyw-closed map.

Theorem 4.7: If f: (X,t) — (Y,0) is neutrosophic closed map and g: (Y,6) — (Z,n) is neutrosophic rw-
closed map then their composition g°f: (X,t) = (Z,n) is Nrw — closed map.

Proof: Let F be a NC set in X. Then by hypothesis, f(F) is NC set in Y. Since g is Nw-closed map, g°f(F) =
g(f(F)) is Nrw-closed set in Z. Thus g°f: (X,t) — (Z,1) is Nrw — closed map.

Conclusion

In this paper using neutrosophic rw closed sets, we have defined neutrosophic rw continuous maps
and some of its characteristics have been discussed. Further we have introduced neutrosophic rw
open and closed maps. This concept can be extended further in future.
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