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Abstract

The object of the present paper is to introduce neutrosophic nano ag#-closed sets in neutrosophic nano
topological spaces and characterize some of its basic properties in neutrosophic nano topological spaces.
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1 Introduction

The first successful attempt towards containing non-probabilistic uncertainty, i.e. uncertainty which is not
incite by randomness of an event, into mathematical modeling was made in 1965 by Zadeh[17] through his
significant theory on fuzzy sets. A fuzzy set is a set where each element of the universe belongs to it but with
some value or degree of belongingness which lies between 0 and 1 and such values are called membership
value of an element in that set. Later on Chang[3] was the first to introduce the concept of fuzzy topology.

Further generalization of this fuzzy set was introduced by Atanassov[1,2] in 1986, which is known as
Intuitionistic fuzzy sets. In intuitionistic fuzzy set, instead of one membership value there is also a non-
membership value devoted to each element. Further there is a restriction that the sum of these two values
is less or equal to unity. In Intuitionistic fuzzy set the degree of non-belongingness is not independent but
it is dependent on the degree of belongingness. Fuzzy set theory can be considered as a special case of an
Intuitionistic fuzzy set where the degree of non-belongingness of an element is exactly equal to 1 minus the
degree of belongingness. Along with these IFS are also studied extensively in the topological framework
introduced by Coker[4].

Neutrosophic logic was introduced by Smarandache[15] in 1995. It’s a logic during which each proposition
is calculated to possess a degree of truth, a degree of indeterminacy and a degree of falsity. In 2012, Salama
et.al[16] introduced the neutrosophic topological spaces as sort of a generalization concerning intuitionistic
fuzzy topological space and a neutrosophic set without the degree concerning membership, the degree of
indeterminacy and therefore the degree regarding non-membership over each element.

The neutrosophic concept have wide range of real time applications for the fields of [7,10,12,13] Informa-
tion Systems, Computer Science, Artificial Intelligence, Applied Mathematics, decision making. Mechanics,
Electrical Electronic, Medicine and Management Science etc,.

Rough set theory is introduced by Pawlak[11] as a replacement mathematical tool for representing reason-
ing and deciding handling vagueness and uncertainty. This theory provides the approximation of sets by means
of equivalence relations and is taken into account together of the primary non-statistical approaches in data
analysis. A rough set are often described by a pair of definable sets called lower and upper approximations.
The lower approximation is that the greatest definable set contained within the given set of objects while the
upper approximation is that the smallest definable set that contains the given set. Rough set concept are often
defined quite generally by means of topological operations, interior and closure, called approximations.

In 2013, a new topology called Nano topology was introduced by Lellis Thivagar[5] which is an extension
of rough set theory. He also introduced Nano topological spaces which were defined in terms of approxima-
tions and boundary region of a subset of a universe using an equivalence relation on it. The elements of a
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Nano topological space are called the Nano open sets and its complements are called the Nano closed sets.
Nano means something very small. Nano topology thus literally means the study of very small surface. The
fundamental ideas in Nano topology are those of approximations and indiscernibility relation.

Now Lellis Thivagar et.al[6] explored a new concept of neutrosophic nano topology. In that paper he
discussed about neutrosophic nano interior and neutrosophic nano closure.

In this article, we introduce neutrosophic nano ag#w(NN,ag#w)-closed sets and study some basic prop-
erties in neutrosophic nano topological spaces.

2 Preliminaries

Definition 2.1 (14). A neutrosophic set S is an object of the following form
A = {(5,Pa(s), Qa(s),Ra(s) : s € S)}

where P4(s), Qa(s) and R4(s) denote the degree of membership, the degree of indeterminacy and the degree
of nonmembership for each element s € S to the set A, respectively.

Definition 2.2 (14). Let A and B be Neutrosophic sets of the form

A = {(s,Pa(s),Qa(s),Ra(s) : s € S)} and

B = {(s,Ps(s), Qp(s),Rp(s) : s € S)}. Then

(i) A C Bif and only if P4(s) < Pg(s), Qa(s) < Op(s) and Ra(s) > Rp(s);
(i) A = { (2, Ra(s), Qa(5), Pa(s) : 5 € S)}:

(iil) A U B={(s,Pa(s) V Pg(s), Qa(s) A Qp(s),Ra(s) ARg(s)): s € S};
(iv) AN B={(s,Pa(s) A Pg(s), Qa(s) V Qp(s), Ra(s) V Rg(s)) : s € S}.

Definition 2.3 (16). A neutrosophic topology on a non-empty set X is a family 7 of neutrosophic sets in X
satisfying the following axioms:

1. ON, Iy €T,
ii. g1 N g2 e 7 for any gl, g2 e,
iii. UG; € 7 for arbitrary family {G;|i € j} C 7.

Definition 2.4 (6). Let I/ be a universe and R be an equivalence relation on ¢/ and Let S be a neutrosophic
subset of U. Then the neutrosophic nano topology is defined by 7x(S) = {0y, 1y, N(S), N(S), By(S)}, where

i N(S)={{y, Mr(): Ir(y) Nr()) /7 € WIR,y € U}.

iii. By(S)=N(S) — N(S).
where ME(y) = /\ze[y]RMS(Z)’ IE(y) = /\ze[y]RIS(Z)’ NE(y) = \/ze[y]RNS(Z)» Mﬁ(y) =
VeerMs(2)s Ty = VaerLZs (2), Ny = NselyrNs (2).

Definition 2.5 (6). Let A be a neutrosophic set in a neutrosophic nano topological space (X, 7). Then

i. Nyint(A) = |U{G|G is a neutrosophic nano open set in (X, 7) and G C A is called the neutrosophic
nano interior of A.

il. Nycl(A) = N {H|H is a neutrosophic nano closed set in (X, 7) and H 2 A is called the neutrosophic
nano closure of A.

Definition 2.6 (9). A neutrosophic set A in a neutrosophic nano topological space (X, 7) is called,
i. a neutrosophic nano semi-open set if A C Nycl(Nyint(A)).
ii. aneutrosophic nano a-open set if A C Nyint(Nycl(Nyint(A))).
iii. a neutrosophic nano pre-open set if A C Nyint(Nycl(A)).
iv. a neutrosophic nano regular-open set if A = Nyint(Nycl(A)).

Definition 2.7. A subset A of a space (X, 7) is called
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i. aneutrosophic ag™-closed set[8] if N'acl(A) C U whenever A C U and U is neutrosophic g#-open
in (X, 1)

ii. a neutrosophic nano semi-generalized closed set[9] if AMyscl(A) C U whenever A C U and U is neutro-
sophic nano semi-open in (X, 7),

iii. a neutrosophic nano -closed set[9] if Nyscl(A) C U whenever A C U and U is neutrosophic nano
sg-open in (X, 7),

3 Basic Properties of Ny_,, +,-closed sets

Definition 3.1. A subset A of (X, 7) is called

i. a neutrosophic nano g#1-closed set if Nytcl(A) C U whenever A C U and U is neutrosophic nano
w-open in (X, 7).

il. a Ny_ng#q-closed set if Nyacl(A) € U whenever A C U and U is neutrosophic nano g7 p-open in
X, 7).

Theorem 3.2. Every neutrosophic nano closed set is Ny_ o g4 ,-closed set.

Proof: Let A C U and U is neutrosophic nano g#-open in (X, 7). Since A is neutrosophic nano closed
set, then Nycl(A) = A. But Nyacl(A) C Nycl(A), then Nyacl(A) € U. Hence A is Ny_ o 4#-closed.

Theorem 3.3. Every neutrosophic nano regular-closed set is Ny_ o g% -closed set.

Proof: Let A C U and U is neutrosophic nano g#-open in (X, 7). Since A is neutrosophic nano regular-
closed set, then Nyrcl(A) = A. But Nyacl(A) C Nyrcl(A), then Nyacl(A) € U. Hence A is Ny_ o g#4-
closed.

Theorem 3.4. Every neutrosophic nano a-closed set is Ny_ o g#-closed set.

Proof: Let A C I and U is neutrosophic nano g#1-open in (X, 7). Since A is neutrosophic nano a-closed
set, then Nyacl(A) = A. But Nyacl(A) C U. Hence A is Ny_, 4# -closed.

Theorem 3.5. Every Ny_,+,-closed set is neutrosophic nano sg-closed set.

Proof: Let A C U/ and U is neutrosophic nano semi-open in (X, 7). Since every neutrosophic nano semi-
open set is neutrosophic nano g#1-open, I is neutrosophic nano g#-open. Since A is Ny_qg#y-closed,
Nyacl(A) C U. But Nyscl(A) C Nyacl(A), then Nyscl(A) C U. Therefore, A is neutrosophic nano
sg-closed.

Theorem 3.6. Every Ny_ 4+ -closed set is neutrosophic nano y-closed set.

Proof: Let A C U and U is neutrosophic nano sg-open in (X, 7). Since every neutrosophic nano sg-
open set is neutrosophic nano g#1-open, I is neutrosophic nano g#-open. Since A is Ny_qg#y-closed,
Nyacl(A) C U. But Nyscl(A) C Nyacl(A), then Nyscl(A) C U. Therefore, A is neutrosophic nano
1p-closed.

Theorem 3.7. Every Ny_ g+ -closed set is neutrosophic nano g™ p-closed set.

Proof: Let A C U and U is neutrosophic nano t-open in (X, 7). Since every neutrosophic nano -
open set is neutrosophic nano g#1-open, I is neutrosophic nano g#-open. Since A is Ny_qg#y-closed,
Nyacl(A) € U. But Nypel(A) € Nyacl(A), then Nyrpel(A) C U. Therefore, A is neutrosophic nano

#
g™ -closed.

Remark 3.8. The reverse implication of the above theorems is not true as shown in the following example.

Example 3.9. Assume U = {p, g, r} be the universe set and the equivalence relation istd /R = {{p,r},{r}}.
Let

A= {(p,(0.4,0.4,0.3)), (g, (0.3,0.4,0.2)) , (r, (0.4,0.3,0.4))}

be a neutrosophic nano subset of /. Then

N(A) = {(p, (0.3,0.4,0.3)) , (g (0.3,0.4,0.3)) , (r, (0.4,0.3,0.4))}
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N(A) = {(p,(0.4,0.4,0.2)), (g, (0.4,0.4,0.2)) , (r, (0.4,0.3,0.4)) }

B(A) = {(p,(0.2,0.4,0.4)),{q,(0.2,0.4,0.4)}, (r, (0.4,0.3,0.4)) }

N,.-closed set=

D; = {(p, (0.3,0.4,0.3)), (¢, (0.3,0.4,0.3)) , {r, (0.4,0.3,0.4)) }

neutrosophic nano a-closed set=

Dy = {(p,(0.3,0.4,0.3)), (g, (0.3,0.4,0.3)) , (r, (0.4,0.3,0.4)) }

neutrosophic nano sg-closed set=

D3 = {(p,(0.2,0.3,0.4)), (g, (0.2,0.3,0.4)) , (r, (0.3,0.2,0.4)) }

neutrosophic nano -closed set=

D4y = {(p,(0.2,0.2,0.2)), (g, (0.2,0.2,0.2)) , (r, (0.3,0.2,0.4)) }

neutrosophic nano g#1)-closed set=

D5 = {(p, (0.2,0.1,0.3)), (g, (0.2,0.2,0.3)) , (r, (0.3,0.2,0.4)) }

Ny_qg#y-closed set=Dg = {(p, (0.2,0.1,0.4)), (g, (0.2,0.2,0.4)), (r,(0.3,0.2,0.4)) }

Let 7 = {Oy, N(A),N(A), B(A), 1y}. Here (Ds)¢ is neutrosophic nano g#1-open set, Nacl(Dg) C (Ds)°.
Then Dg is Ny_, 4#-closed set in (X, 7") but not neutrosophic closed set, N,.-closed set and neutrosophic nano
a-closed set.

Here D3, D4 and Dy are neutrosophic nano sg-closed set, neutrosophic nano -closed set and neutrosophic
nano g#y-closed set respectively. But not Ny_,g#,-closed set because Nocl(D3) € (Ds)¢, Nacl(Dy) €
(D5)¢ and Nacl(Ds) € (Ds)°.

Theorem 3.10. Intersection of two Ny_ ., g#,-closed sets in (X, T) is again Ny_ o g#-closed set.

Proof: Let A and B be the subsets of Ny_, #-closed sets, A C U and Nyacl(A) € U, B C U and
Nyacl(B) C U, U is a neutrosophic nano g#1-open. Therefore, AN B C A and acl(A N B) C acl(A),
ANB C Band acl(ANB) C Nyacl(B). Hence Nyacl(A N B) C U and U is a neutrosophic nano g#1)-open.
Thus A N B is Ny_ g% -closed set.

Theorem 3.11. Union of two Ny_ ., g#-closed sets in (X, T) is again Ny_,g#,-closed set.

Proof: Let A and B be the subsets of NN,ag#w-closed sets, A C U and NNacl(A) CU,B C U and
Nyacl(B) C U, Uis a neutrosophic nano g7 1p-open. Therefore, AUB C U and Nyacl(AUB) = Nyacl(A)U
Nyacl(B) C U. That is Nyacl(A U B) C U. Therefore, A U B is Ny_ o # -closed set.

Theorem 3.12. Ifa set A is Ny_g#-closed in (X, T) iff Nyacl(A) — A contains no non-empty neutrosophic
nano g*1)-closed set.

Proof: Necessity: Let F be a neutrosophic nano g#1)-closed in (X, 7) such that F C Nyacl(A) —A. Then
F C X — A. This implies A C X — F. Now X — F is neutrosophic nano g#1-open set of (X, 7) such that
A C X — F. Since A is Ny_,4#-closed set then Nyacl(A) € X — F. Thus F € X — Nyacl(A). Now
F Q NNO[CZ(A) N (X - NNOACZ(A)) = ON.
Sufficiency: Assume that Ayacl(A) — A contains no non-empty neutrosophic nano g#-closed set. Let
A C U, U is Ny#,-open set. Suppose that Nyacl(A) is not contained in U then Nyacl(A) NU° is a non-empty
neutrosophic nano g7 1-closed set of Nyacl(A) — A, which is a contradiction. Therefore, Nyacl(A) C U and
hence A is Ny_qg#q-Closed.

Theorem 3.13. If a subset A is Ny_q g#-closed and A C B C Nyqci(a), then B is Ny_ o g#-closed set.

Proof: Let B C U, U is a neutrosophic nano g7 1)-open, then A C B and A C I{. Since A is Nn_ag#y-
closed, Nyacl(A) C U but B C Nyacl(A) this implies that Nyacl(B) C Nyacl(A). Therefore, Nyacl(B) C
Nyacl(A) € U. Thus Nyacl(B) € U and U is neutrosophic nano g#1-open. Hence B is Ny_, ,#-closed.
Conclusion

In this article the new concept of Ny_,g#,-closed sets is introduced in neutrosophic nano topological
spaces. Furthermore, the work was extended as its basic properties.

References

[1] Atanassov, K., ”“Intuitionstic fuzzy sets””’, Fuzzy Sets Systems, 1986, 20, pp.87-96.

[2] Atanassov, K., and Stoeva, S., ”‘Intuitionistic fuzzy sets””, In Proceedings of the Polish Symposium on
Interval and Fuzzy Mathematics, Poznan, Poland, 26-29 August 1983, pp.23-26.

[3] Chang, C.L., ”‘Fuzzy Topological Spaces™, J. Math. Anal. Appl. 24 (1968), pp.182-190.

Doi :10.5281/zenodo.3808368 70



International Journal of Neutrosophic Science (IJNS) Vol. 5, No. 2, PP. 67-71, 2020

999

[4] Dogan Coker, ”‘An introduction to intuitionistic fuzzy topological spaces™’, Fuzzy Sets and Systems, Vol

88, No.1, 1997, pp.81-89.

[5] Lellis Thivagar, M., and Carmel Richard, ”‘On nano forms of weakly open sets””’, International journal
of mathematics and statistics invention, Volume 1, Issue 1, (2013), pp.31-37.

[6] Lellis Thivagar, M., Jafari, S., Sudha devi, V., and Antonysamy, V., ”‘A novel approach to nano topology
via neutrosophic sets”’, Neutrosophic sets and systems, Vol 20, (2018), pp.86-94.

[7] Mullai, M., Sangeetha,K., Surya, R., Madhan kumar, G., Jeyabalan, R., and Broumi, S., ”‘A Single
Valued Neutrosophic Inventory Model with Neutrosophic Random Variable™’, International Journal of
Neutrosophic Science, Volume 1 , Issue 2, pp.52-63, 2020,

299

[8] Nandhini, T., and Vigneshwaran, M., ¢ ag#,/,-closed sets in neutrosophic topological spaces™, Amer-
ican International Journal of Research in Science, Technology, Engineering and Mathematics, Special
issue of 2nd International Conference on Current Scenario in Pure and Applied Mathematics, 3rd Jan-
uary, 2019, pp.370-373.

[9] Parimala, M., Jeevitha, R., Jafari, S., Smarandache, F., and Karthika, M., ”‘Neutrosophic nano at)-closed
sets in neutrosophic nano topological spaces™, Journal of advance Research in Dynamical and Control
Systems, Vol 10, Special issue-2018, pp.523-531.

[10] Parimala, M., Karthika, K., Smarandache, F., and Said Broumi, ”‘On aw-closed sets and its connect-
edness in terms of neutrosophic topological spaces’, International Journal of Neutrosophic Science,
Volume 2 , Issue 2, PP.82-88 , 2020

[11] Pawlak, Z., ”‘Rough sets™, International Journal of Computing and Information Sciences, 11 (5)(1982),
pp-341-356.

[12] Riad K. Al-Hamido, ”‘On Neutrosophic Crisp Supra Bi-Topological Spaces’”, International journal of
Neutrosophic science, Volume 4 , Issue 1, pp.36-46 , 2020.

[13] Sapan Kumar Das, Edalatpanah, S.A., ”‘A new ranking function of triangular neutrosophic number and
its application in integer programming’”’, International Journal of Neutrosophic Science, Volume 4 , Issue
2, pp-82-92 , 2020.

[14] Smarandache, F., Neutrosophy and Neutrosophic Logic, First International Conference on Neutrosophy,
Neutrosophic Logic, Set, Probability and Statistics; University of New Mexico: Gallup, NM, USA, 2002.

[15] Smarandache, F., A Unifying Field in Logics: Neutrosophic Logic. Neutrosophy, Neutrosophic Set,
Neutrosophic Probability; American Research Press: Rehoboth, NM, USA, 1999.

[16] Salama, A.A., Alblowi, S.A., ”‘Neutrosophic Set and Neutrosophic Topological Spaces™ . IOSR J. Math.
2012, 3, pp.31-35.

[17] Zadeh, L.A., "Fuzzy Sets,” Inf. Control, 8, pp.338-353, 1965.

Doi :10.5281/zenodo.3808368 71



	1 Introduction
	2 Preliminaries
	3 Basic Properties of NN-g# -closed sets



