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1. INTRODUCTION

L. A. Zadeh’s [12] Fuzzy set laid the foundation of many theories such as intuitionistic fuzzy
set and neutrosophic set, rough sets etc. Later, researchers developed K. T. Atanassov’s [4]
intuitionistic fuzzy set theory in many fields such as differential equations, topology, computer
science and so on. F. Smarandache [10, 11] found that some objects have indeterminacy or
neutral other than membership and non-membership. So he coined the notion of neutrosophy.
The theories of neutrosophic set have achieved greater success in various areas such as medi-
cal diagnosis, database, topology, image processing and decision making problem. While the
neutrosophic set is a powerful tool to deal with indeterminate and inconsistent data, the the-
ory of rough set is a powerful mathematical tool to deal with incompleteness. Neutrosophic
sets and rough sets are two different topics, none conflicts the other. Valeiru Popa and Noiri
[8] introduced the notion of of minimal structure which is a generalization of a topology on a
given nonempty set. And they introduced the notion of M-continuous functions as functions
defined between minimal structures. M. Karthika et al [7] introduced and studied neutrosophic
minimal structure spaces. S. Ganesan [6] introduced and studied N,,-semi open sets. The main
objective of this study is to introduce a new hybrid intelligent structure called N,,-a-open sets
in neutrosophic minimal structure spaces. The significance of introducing hybrid structures is
that the computational techniques, based on any one of these structures alone, will not always
yield the best results but a fusion of two or more of them can often give better results. The rest
of this paper is organized as follows. Some preliminary concepts required in our work are briefly
recalled in section 2. In section 3, the concepts of N,,-a-open, N,,-a-closure, N,,-a-interior,
N,,-a-continuous is investigated.
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2. PRELIMINARIES

Definition 2.1. [8] A subfamily m, of the power set p(X) of a nonempty set X is called a
minimal structure (briefly, m-structure) on X if § in my and X € m,. By (X, m,), we denote
a nonempty set X with a minimal structure m, on X and call it an m-space. Each member of
my is said to be my-open (or briefly, m-open) and the complement of an my-open set is said to
be my-closed (or briefly, m-closed).

Definition 2.2. [10, 11] A neutrosophic set (in short ns) K on a set X # 0 is defined by K =
{< a, Px(a), Qk(a), Rk (a) = : a € X} where P : X — [0,1], Qx : X — [0,1] and Rg : X
— [0,1] denotes the membership of an object, indeterminacy and non-membership of an object,
for each a € X to K, respectively and 0 < Pk (a) + Q (a) + Rx(a) < 3 for each a € X.

Definition 2.3. [9] Let K = {< a, Px(a), Qk(a), Rix(a) = : a € X} be a ns. We must
introduce the ns O~ and 1. in X as follows:
O~ may be defined as:

(1) 0~ ={< 20,0, 1> :z€ X}

(2) 0 ={<2, 01,1 :2z€ X}

(8) O ={< 2,0, 1,0 : z€ X}

(4) O ={<2,0,0,0 : z€ X}

1. may be defined as:

(1) 1. ={<=z,1,0,0> : z€ X}

(2) 1. ={<=x1,0,1>:z€ X}
(8) 1. ={<=z,1,1,0> : z€ X}
(4) 1~ ={<=z,1,1,1> :2z€ X}
Proposition 2.4. [9] For any ns S, then the following conditions are holds:
(1) 0~ < S, 0~ < O~.
(2) S< 1., 1. < 1.

Definition 2.5. [9] Let K = {< a, Px(a), Qx(a), Rx(a) = : a € X} be a ns.

(1) A ns K is an empty set i.e., K = 0~ if 0 is membership of an object and 0 is an
indeterminacy and 1 is an non-membership of an object respectively. i.e., 0., = {z, (0,
0,1) : z e X}

(2) A ns K is a universal set i.e., K = 1. if 1 is membership of an object and 1 is an
indeterminacy and 0 is an non-membership of an object respectively. 1. = {z, (1, 1, 0)

rze X}

(3) K U ?{2} = {a’? max {PKl ((l), PKz (a)}7 max {QKl ((L), QKQ (LL)}, min {RK1 (a)7 RK2 (a’)}
NVAS

(4) K n ?{2} = {a’: min {PKl (a’)z PKQ ((l)}, min {QKl ((l), QK2 (CL)}, max {RKI (a’)z RK2 ((l)}
Da€

(5) K ={< a, Rx(a), 1 — Qi (a), Px(a) = : a € X}

Definition 2.6. [9] A neutrosophic topology (nt) in Salama’s sense on a nonempty set X is a
family T of ns in X satisfying three axioms:

(1) Empty set (0~) and universal set (1..) are members of T.
(2) K1 N Ky € 7 where K1, Ky € 7.
(3) UKs € 7 for every {Ks : 6 € A} < 7.
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Each ns in nt are called neutrosophic open sets. Its complements are called neutrosophic
closed sets.

Definition 2.7. [7] Let the neutrosophic minimal structure space over a universal set X be
denoted by Np,. Ny, is said to be neutrosophic minimal structure space (in short, nms) over X
if it satisfying following the axiom: O, 1. € Nyp,. A family of neutrosophic minimal structure
space is denoted by (X, Npyx ).

Note that neutrosophic empty set and neutrosophic universal set can form a topology and itis
known as neutrosophic minimal structure space.

FEach ns in nms is neutrosophic minimal open set. The complement of neutrosophic minimal
open set is neutrosophic minimal closed set.

Remark 2.8. [7] Each ns in nms is neutrosophic minimal open set.
The complement of neutrosophic minimal open set is neutrosophic minimal closed set.

Definition 2.9. [7] A is Ny,-closed if and only if Ny, cl(A) = A. Similarly, A is a Ny,-open if
and only if Npint(A) = A.

Definition 2.10. [7] Let N,, be any nms and A be any neutrosophic set. Then

(1) Every A € Ny, is open and its complement is closed.

(2) Np,-closure of A = min {F : F'is a neutrosophic minimal closed set and F > A} and it
is denoted by Np,cl(A).

(8) Npy-interior of A = max {F : F is a neutrosophic minimal open set and F < A} and it
is denoted by Npint(A).

In general N,,int(A) is subset of A and A is a subset of N,,cl(A).

Proposition 2.11. [7] Let R and S are any ns of nms N, over X. Then

(1) Ng, ={0, 1, RS} where R is a complement of ns R;.

(2) X — Npint(S) = Npcl(X — S).

(8) X — Npcl(S) = Npint(X — S).

(4) Npcl(R®) = (Npcl(R))¢ = Npint(R).

(5) Ny closure of an empty set is an empty set and Ny, closure of a universal set is a
uniwersal set. Similarly, Ny, interior of an empty set and universal set respectively an
empty and a universal set.

(6) If S is a subset of R then Npcl(S) < Npcl(R) and Np,int(S) < Npyint(R).

(7) Ny cl(Npmcl(R)) = Npycl(R) and Ny int(Nyint(R)) = Npyint(R).

(8) Npcl(RV S) = Ny cl(R) V Np,cl(S).

(9) Nppcl(R AN S) = Npycl(R) N Np,cl(S).

Definition 2.12. [7] Let (X, N,,x) be nms.

(1) Arbitrary union of neutrosophic minimal open sets in (X, Np,x ) is neutrosophic minimal
open. (Union Property).

(2) Finite intersection of neutrosophic minimal open sets in (X, Ny, x ) is neutrosophic min-
imal open. (intersection Property).

Definition 2.13. [7] A map f: (X, Npx) — (Y, Ny ) is called neutrosophic minimal contin-
wous map if and only if f1(V) € Nyx whenever V€ Npy.
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Definition 2.14. [6] Let (X, Ny,x) be a nms and A < X. A subset A of X is called an Ny,-
semi-open set if A < Np,cl(Npint(A)). The complement of an Ny,-semi open set is called an
N,,-semi-closed set.

3. N,,-a-OPEN SETS

Definition 3.1. Let (X, Nypx) be a nms and A < X. A subset A of X is called an Ny,-a-open set
if A < Npint(Npcl(Npyint(A))). The complement of an Ny,-a-open set is called an Ny,-a-closed
set.

Remark 3.2. Let (X, T) be a nt and A < X. A is called an N a-open set [3] if
A < Nint(Ncl(Nint(A))). If the nms Ny, x 1s a topology, clearly an Ny,-a-open set is N'a-open.

Example 3.3. Let X = {a, b} with T ={0-, A, B, C, D, 1.} and T¢ ={1., F, G, H, I, 0.}
where A = < (0.5, 0.4, 0.5), (0.5, 0.6, 0.5) ; B = < (0.5, 0.6, 0.5), (0.5, 0.6, 0.6)= ; C = <
(0.6, 0.6, 0.5), (0.4, 0.4, 0.5)= ;: D = < (0.5, 0.5, 0.5), (0.5, 0.5, 0.5)~. F =< (0.5, 0.6, 0.5),
(0.5, 0.4, 0.5)= ; G = < (0.5, 0.4, 0.5), (0.6, 0.4, 0.6)= ; H= < (0.5, 0.4, 0.6), (0.5, 0.6,
0.4)~ ; I =< (0.5, 0.5, 0.5), (0.5, 0.5, 0.5)~. Now we define the neutrosophic set as follows:
V= < (0.5 0.5 0.5), (0.5 0.5, 0.5)~. Let X = {a, b} with Ny, = {0, E, 1.} and N¢, =
(1o, J, 0.} where E = < (0.4, 0.3, 0.6), (0.5, 0.4, 0.8)= ; J = < (0.6, 0.7, 0.4), (0.8, 0.6,
0.5)~. We know that 0. ={<z,0,0,1> :x€ X}, 1. ={<uz, 1,1, 0> : z€ X} and 0¢, =
{=21,1,0-:ze X},15 ={<12,0,0, 1> :ze€ X}. Here, Nint(V) = D, Ncl(Nint(V))
=Ncl(D) = I, Nint(Ncl(Nint(V))) = Nint(I) = D. Therefore, Vis a N a-open but it is not

Np,-ai-open.

From Definition of 3.1, obviously the following statement are obtained.

Lemma 3.4. Let (X, Ny,x ) be a nms. Then

(1) Every Np,-open set is Ny,-a-open.

(2) A is an Ny,-a-open set if and only if A < Ny int(Npy,cl(Npint(A))).
(3) Every Np,-closed set is Np,-a-closed.

(4) A is an Ny,-a-closed set if and only if Ny, cl(Npint(Npcl(A))) < A.

Theorem 3.5. Let (X, Ny, x) be a nms. Any union of Np,-a-open sets is Ny,-c-open.

Proof. Let As be an N,,-a-open set for 6 € A. From Definition 3.1 and Proposition 2.11(6),
it follows As < Np,int(N,,cl(Np,int(As))) < Nppint(N,,cl(Ny,int(|JAs))). This implies (JAs <
Npint(N,,cl(N,,int(| JAs))). Hence | JAs is an N,,-a-open set. O

Remark 3.6. Let (X, N, x) be a nms. The intersection of any two Ny,-c-open sets may not
be N, -a-open set as shown in the next example.

Example 3.7. Let X = {a, b} with N, = {0~, P, Q, R, S, 1.} and N5, = {1, I, J, K, L,
0.} where P = < (0.4, 0.6, 0.5), (0.7, 0.3, 0.5)= : Q = < (0.3, 0.6, 0.8), (0.6, 0.3, 0.5)= ; R
== (0.3, 0.7, 0.8), (0.6, 0.5, 0.2)= ; S = =< (0.4, 0.7, 0.5), (0.6, 0.4, 0.2)= ; I = =< (0.5, 0.4,
0.4), (0.5, 0.7, 0.7)= ; J = < (0.8, 0.4, 0.3), (0.5, 0.7, 0.6)= ;: K = < (0.8, 0.3, 0.3), (0.2,
0.5, 0.6)~ ; L =< (0.5, 0.5, 0.4), (0.2, 0.6, 0.6)~. Now we define the two N,,-a-open sets as
follows : D = < (0.5, 0.7, 0.5), (0.9, 0.4, 0.5)~ ; E = < (0.9, 0.8, 0.3), (0.6, 0.4, 0.1)~. Here
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Npint(D) = P, Ny, cl(Npint(D)) = Ny cl(P) = 05, Nyint(Npycl(Npyint(D))) = Np,int(0%,) =
1o, Npint(E) = S, Nycl(Npint(E)) = Npcl(S) = 0%, Npint(Npycl(Npyint(E))) = Np,int(0<,)
=1.. But DN E =< (0.5, 0.7, 0.5), (0.6, 0.4, 0.5)~ is not a Ny,-a-open set in X.

Proposition 3.8. Let (X, N,,x) be a nms. Every Np,-a-open set is Ny,-semi-open set.

Proof. The proof is straightforword from the definitions. O

Example 3.9. Let X = {a, b} with Ny, = {0, A, 1.} and N;, = {1., B, 0.} where A =
< (0.4, 0.3, 0.7), (0.5, 0.4, 0.9) ; B = < (0.7, 0.7, 0.4), (0.9, 0.6, 0.5)~. Now we define
the neutrosophic set as follows: C = < (0.5, 0.4, 0.6), (0.5, 0.5, 0.4)~. Here, Npint(C) = A,
N cl(Npint(C)) = Ny cl(A) = B, Npint(Npy,cl(Nyint(C))) = Npint(B) = A. Therefore, C is

a Np,-semi-open but it is not Np,-a-open.

Definition 3.10. Let (X, Ny,,x) be a nms. For a subset A of X, the N,-a-closure of A and
the Ny, -a-interior of A, denoted by Np,-acl(A) and Np,-avint(A), respectively, are defined as the
following:

(1) Np,-a-closure of A = min {F : F is Ny,-a-closed set and F > A} and it is denoted by
Np-accl(A).

(2) Np,-a-interior of A = maz {G : G is Np,-a-open set and G < A} and it is denoted by
Np,-avint(A).

Theorem 3.11. Let (X, Ny, x) be a nms and A < X. Then

(1) Np-aint(A) < A.

(2) If A < B, then Ny -aint(A) < Ny,-aint(B).

(3) A is Np,-a-open if and only if Ny,-aint(A) = A.

(4) Np-aint(Ny,-aint(A)) = Ny,-aint(A).

(5) Np-acl(X — A) = X—Np,-aint(A) and Np,-aint(X— A) = X — Ny-acl(A).

Proof. (1), (2) Obvious.

(3) It follows from Theorem 3.5.

(4) It follows from (3).

(5) For A <X, X — N, -aint(A) =X —max {U: U< A, Uis Ny, - a-open } =min { X - U
:U<A,UisNp, -aopen } =min { X —U:X - A <X — U, Uis Ny-a-open} = Np,-acl(X
— A). Similarly, we have N,,-aint(X — A) = X — Nj,-acl(A). O

Theorem 3.12. Let (X, Ny,x) be a nms and A < X. Then

(1) A < Npy-acl(A).

(2) If A < B, then Np-acl(A) < Np-accl(B).

(8) F is Ny-a-closed if and only if Ny,-acl(F) = F.
(4) Np-acl(Npy-acl(A)) = Npy-accl(A).

Proof. 1t is similar to the proof of Theorem 3.11. g

Theorem 3.13. Let (X, Ny,x) be a nms and A < X. Then

(1) x € Np-acl(A) if and only if ANV #£ 0 for every Ny, -a-open set V containing .
(2) © € Np-avint(A) if and only if there exists an Ny, -a-open set U such that U < A.
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Proof. (1) Suppose there is an N,,-a-open set V containing x such that A NV = (). Then X —
V is an N,,-a-closed set such that A < X — V, x ¢ X — V. This implies x ¢ N,,-acl(A).
The reverse relation is obvious.

(2) Obvious. O

Lemma 3.14. Let (X, Np,x) be a nms and A < X. Then

(1) Nppcl(Npint(Npycl(A))) < Npycl(Npyint(Np, cl(Np-acl(A)))) < Np-acl(A).
(2) Np-aint(A) < Npint(Npy,cl(Nyint(Np-aint(A)))) < Npint(Npy, cl(Nyint(A))).

Proof. (1) For A < X, by Theorem 3.12, Ny,-acl(A) is an N,,-a-closed set. Hence from Lemma
3.4, we have Ny, cl(N,,int(N,,cl(A))) < Npcl(Npint (N, cl(Np,-acl(A)))) < Np,-acl(A).
(2) It is similar to the proof of (1). O

Definition 3.15. A map f: (X, Nmx) — (Y, Ny ) is called Ny,-a-continuous map if and
only if f1(V) € Np-a-open whenever V€ Ny .

Theorem 3.16. Every neutrosophic minimal continuous is Ny, -a-continuous but the conversely.

Proof. The proof follows from Lemma 3.4 (1). O

Theorem 3.17. Let f: X — Y be a map on two nms (X, Ny,x) and (Y, Nyy ). Then the
following statements are equivalent:

(1) fis Ny -a-continuous.

(2) fY(V) is an Ny,-a-open set for each Np,-open set V in Y.
(3) fY(B) is an Ny,-a-closed set for each Ny,-closed set B in Y.
(4) f(Nm-acl(A)) < Npycl(f(A)) for A < X.

(5) Np-acl(f1(B)) < f1(Nycl(B)) for B< Y.

(6) fY(Nnint(B)) < Npy-aint(f~*(B)) for B < Y.

Proof. (1) = (2) Let V be an N,,-open set in Y and x € f~1(V). By hypothesis, there exists an
N,n-a-open set U, containing x such that f(U) < V. This implies x € U, < f~1(V) for all x €
f=1(V). Hence by Theorem 3.5, f~1(V) is N,,-a-open.

(2) = (3) Obvious.

(3) = (4) For A < X, f1(N,,cl(f(A))) = f L (min {F < Y : f(A) < F and F is N,,,-closed}) = min
{f~1(F) < X: A <f1(F) and F is N,,-a-closed} > min {K < X : A < K and K is N,,-a-closed }
= Nyp-acl(A). Hence f(N;,,-acl(A)) < N,,cl(f(A)).

(4) = (5) For A < X, from (4), it follows f(N,-acl(f71(A))) < Npcl(f(f71(A))) < Np,cl(A).
Hence we get (5).

(5) = (6) For B <Y, fromm N,,,int(B) =Y — N,,cl(Y — B) and (5), it follows: f~1(N,,int(B)) =
F1(Y — Npcl(Y — B)) = X —f 1 (Npel(Y — B)) < X — Npp-acl(f1(Y — B)) = Nyp-aint(f-1(B)).
Hence (6) is obtained.

(6) = (1) Let x € X and V an N,,-open set containing f(x). Then from (6) and Proposition
2.11, it follows x € f~1(V) = f}(N,,int(V)) < Nyp-aint(f~1(V)). So from Theorem 3.13, we can
say that there exists an N,,-a-open set U containing x such that x € U < f~}(V). Hence f is
N,,,-a-continuous. O

—~~ —~

Theorem 3.18. Let f: X — Y be a map on two nms (X, Nyx) and (Y, Nyy ). Then the
following statements are equivalent:

(1) fis Ny -a-continuous.
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(2) (V) < Npint(Ny,cl(Npint(f1(V)))) for each Ny,-open set Vin Y.
(3) Nycl(Nyint(Npycl(f1(F)))) < f1(F) for each Ny,-closed set F in Y.
(4) f(Nmcl(Npint(Npcl(A)))) < Npcl(f(A)) for A < X.

(5) Nycl(Nyint(Npyel(f1(B)))) < f1(Nmcl(B)) for B< Y.

(6) fY(Nnint(B)) < Npyint(Npycl(Npint(f1(B)))) for B < Y.

Proof. (1) < (2) It follows from Theorem 3.17 and Definition of N,,-a-open sets.

(1) < (3) It follows from Theorem 3.17 and Lemma 3.4.

(3) = (4) Let A < X. Then from Theorem 3.17(4) and Lemma 3.14, it follows N,,,cl(N,,int(N,,,cl(A)))
< Npp-aCl(A)) < £7H(N,,cl(f(A))). Hence f(N,,cl(N,,int(N,,cl(A)))) < Npcl(f(A)).

(4) = (5) Obvious.

(5) = (6) From (5) and Proposition 2.11, it follows: f~}(N,,int(B)) = f~}(Y — N,,cl(Y — B))
=X —f 1 (Npel(Y = B)) < X — Nyl (Npnint(Npcl(E71(Y — B))))

= Np,int(N,,cl(N,,int(f~1(B)))). Hence, (6) is obtained.

(6) = (1) Let V be an N,,-open set in Y. Then by (6) and Proposition 2.11, we have f~1(V) =
f=1(N,,int(V)) < Nppint(N,,cl(N,int(f71(V)))). This implies f~*(V) is an N,,-a-open set. Hence
by (2), f is Ny,-a-continuous. 0

Definition 3.19. A subset A of an nms (X, Ny, x ) is called an Ny,-locally closed (briefly, Nplc)
sets if A = S A\ G, where S is Ny, -open and N is Ny,-closed (X, Nyx ). The class of all Ny,-locally
closed sets in a nms (X, Ny,x ) is denoted by Ny, LC(X).

Definition 3.20. A subset A of an nms (X, Npx) is called an Ny,-a-locally closed (briefly,
Npale) sets if A = S A G, where S is Ny,-a-open and N is Np,-a-closed (X, Np,x ). The class
of all Ny,-ae-locally closed sets in a nms (X, Ny, x ) is denoted by NpaLC(X).

Proposition 3.21. Every N,,-closed (resp. Np-open) set is Nplc-set but not conversely.

Proof. 1t follows from Definition 3.19. g

Example 3.22. Let X = {a} with N,,, = {0, A, 1.} and NS, = {1~, G, 0.} where A = <
(0.5, 0.6, 0.9)- ; G =< (0.9, 0.4, 0.5)~. Then the collection of Ny,lc-sets are 0. N 15, = <
(0,0,1)= ; 0.NG==<(0,0,1)-;0.N0, ==<(0,0,1)-; AN1 ==<(0,0,1)-; AN
G =< (0.5 04, 09 ;AN == (0.5 06 0.9 ;1. AN1¢ =< (0,0, 1)=; 1. A G =
< (0.9, 0.4, 0.5)~ ; 1. NOS, = < (1, 1, 0)~. Here, G is Nylc-set but it is not Np,-open and
A is N, lc-set but it is not N,,-closed.

Proposition 3.23. Every N,,-a-closed (resp. Np,-a-open) set is Ny,alc-set but not conversely.

Proof. Tt follows from Definition 3.20. g

Example 3.24. Let X and N, as in the Ezample 3.7. Then Np,-a-closed set are D¢ = < (0.5,
0.3, 0.5), (0.5, 0.6, 0.9)- ; E¢ =< (0.3, 0.2, 0.9), (0.1, 0.6, 0.6)~. Here, D is Nyalc-set but
it is not Ny, -a-open and D is Nyalc-set but it is not Np,-a-closed.

Proposition 3.25. FEvery Nplc-set is Nyale-set but not conversely.

Proof. 1t follows from Proposition 3.4(1), (3). O
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Definition 3.26. A map f: (X, Npux) — (Y, Npy ) is said to be Ny,-locally closed-continuous
(briefly, Ny, LC-continuous) if f~*(V) is Ny, LC-set in (X, Nyx) for every Npy-open set V of

Definition 3.27. A map f: (X, Npux) — (Y, Ny ) is said to be Ny,-a-locally closed-continuous
(briefly, Ny L C-continuous) if f~1(V) is NyyaLC-set in (X, Nyx ) for every Ny,-open set V of
(Y, Ny ).

Theorem 3.28. Let f: (X, Nyux) — (Y, Ny ) be a map. Then

(1) If fis Ny, -continuous, then it is Np, LC-continuous.
(2) If f is Ny, -continuous, then it is Np,aLC-continuous.
(8) If f is Ny LC-continuous, then it is Ny,aLC-continuous.

Proof. (1) It is an immediate consequence of Proposition 3.21.
(2) It is an immediate consequence of Proposition 3.21 and 3.25.
(3) It is an immediate consequence of Proposition 3.25. O

Definition 3.29. A map f : (X, Nmx) — (Y, Nny ) is said to be Ny, LC-irresolute (resp.
NpnaLC-irresolute) if f~1(V)is Ny, LC-set (resp. NyaLC-set) in (X, Nyx ) for every Ny, LC-set
(resp. NppaLC-set) V of (Y, Npy ).

Theorem 3.30. Let f: (X, Npx) — (Y, Ny ) be a map. The

(1) If f is Ny LC-irresolute then it is Ny, LC-continuous.
(2) If f is NyaLC-irresolute then it is Ny, L C-continuous.

Proof. (1) Let f: (X, Nyux) — (Y, Nyy) be a Ny, LC-irresolute map. Let V be a N,,-open set
of (Y, Np,y). Since every N,,-open set is N, lc-set [by the Proposition 3.21], V is N,,, LC-set of
(Y, Ny ). Since f is N,,, LC-irresolute, then f~1(V) is a N, LC-set of (X, N,,x). Therefore f is
N,,, LC-continuous.

(2) Let f: (X, Npux) = (Y, Ny ) be a Ny, aLC-irresolute map. Let V be a Ny,-open set of (Y,
Npy). Since every Ny,-open set is Ny, lc-set and every N, lc-set is N, ale-set [by the Proposition
3.21 and Proposition 3.25], V is N,,aLC-set of (Y, N,y ). Since f is N,,aLC-irresolute, then
f=1(V) is a NjaLC-set of (X, Nyx). Therefore f is N,,-aL.C-continuous. O

Theorem 3.31. Let f: (X, Npux) — (Y, Ny ) and g @ (Y, Ny ) = (Z, Npz) be any two
maps. Then

(1) g o fis Ny LC-continuous if g is Ny,-continuous and f is Ny, LC-continuous.
(2) g o fis Ny LC-irresolute if both f and g are N, LC-irresolute.
(3) g o fis Ny LC-continuous if g is Ny, LC-continuous and f is Ny, LC-irresolute.

Proof. (1) Since g is a Ny,-continuous from (Y, Ny,,y') — (Z, Nyz), for any N,,-open set z as a
subset of Z, we get g~!(z) = G is a N,,-open set in (Y, Np,y) . As fis a N,,, LC-continuous map.
We get (g o f)71(z) = f (g (2)) = f1(G) = Sand S is a N,, LC-set in (X, N,,x), since every
N,,-open set is is Ny,lc-set [by the Proposition 3.21]. Hence (g o f) is a N,,, LC-continuous map.
(2) Consider two N,,, LC-irresolute maps, f: (X, Nyx) — (Y, Npy) and g : (Y, Npy) — (Z,
Npz) is a Ny, LC-irresolute maps. As g is consider to be a N,, LC-irresolute map, by Definition
3.29, for every N,,-le-set z < (Z, Npz), g 2(z) = G is a Nyle-set in (Y, Np,y). Again since f
is N,,, LC-irresolute, (g o f)71(z) = f}(g7(z)) = 7 1(G) = S and S is a Ny,lc-set in (X, Nyx)-
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Hence (g o f) is a N,,, LC-irresolute map.

(3) Let g be a N,;, LC-continuous map from (Y, N,y ) — (Z, Npz) and z subset of Z be a N,,,-
open set. Therefore g_l(z) = G is a Nyle-set in (Y, N,y ), since every N,,-open set is N,,lc-set
[by the Proposition 3.21]. Also since f is N,,, LC-irresolute, we get (g o f)~(z)= f~1(g7(2)) =
f~1(G) = S and S is a Ny, le-set in (X, N,,x). Hence (g o f) is a N,,, LC-continuous map. O

Theorem 3.32. Let f: (X, Npux) — (Y, Ny ) and g @ (Y, Npy ) = (Z, Npmz) be any two
maps. Then

(1) g o fis NypaLC-continuous if g is Ny, -continuous and f is Ny, LC-continuous.
(2) g o fis NpaLC-irresolute if both f and g are Ny,aLC-irresolute.
(3) g o fis NypaLC-continuous if g is NyaLC-continuous and f is Ny,aLC-irresolute.

Proof. (1) Since g is a Ny,-continuous from (Y, Ny,y) — (Z, Npz), for any N,,-open set z as
a subset of Z, we get g71(z) = G is a N,,-open set in (Y, N,,y) . As fis a N,,,aLC-continuous
map. We get (g o f)~1(z) = (g7 (z)) = f1(G) = Sand S is a N,,aL.C-set in (X, N,,x), since
every N,,-open set is is Ny, lc-set and every Ny,lc-set is Nj,-alc-set [by the Propositions 3.21 and
3.25]. Hence (g o f) is a N,,,aL.C-continuous map.

(2) Consider two N,,-aLC-irresolute maps, f : (X, Nppx) — (Y, Npy) and g @ (Y, Npy) —
(Z, Npz) is a Nj,aLC-irresolute maps. As g is consider to be a N,,aLC-irresolute map, by
Definition 3.29, for every N,,aL.C-set z < (Z, Nyz), ¢ (z) = G is a Nj,aLC-set in (Y, Nyy).
Again since f is N,,aLC-irresolute, (g o f)~1(z) = f!(g71(z)) = { 1(G) = S and S is a N,,,aL.C-
set in (X, Npx). Hence (g o f) is a N,,,aLC-irresolute map.

(3) Let g be a N,,aLC-continuous map from (Y, N,,y) — (Z, Npz) and z subset of Z be a
N,.-open set. Therefore g71(z) = G is a Ny,ale-set in (Y, N,,y), since every N,,-open set is
Nyle-set and every N,,lc-set is N,,alc-set [by the Propositions 3.21 and 3.25]. Also since f is
N,naLC-irresolute, we get (g o f)~1(z)= f~!(g71(z)) = f1(G) = S and S is a N,,alc-set in (X,
Npmx). Hence (g o f) is a Ny,,aLLC-continuous map. O

4. CONCLUSION

Neutrosophic set is a general formal framework, which generalizes the concept of classic set,
fuzzy set, interval valued fuzzy set, intuitionistic fuzzy set, and interval intuitionistic fuzzy set.
Since the world is full of indeterminacy, the neutrosophic minimal structure spaces found its place
into contemporary research world. Hence N,,-a-open can also be extended to a neutrosophic
spatial region. The results of this study may be help in many researches.
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