South Fast Asian J. of Mathematics and Mathematical Sciences
Vol. 18, No. 3 (2022), pp. 207-216

DOI: 10.56827/SEAJMMS.2022.1803.17 ISSN (Online): 2582-0850
ISSN (Print): 0972-7752

N,. -OPEN SETS

A. Vadivel and C. John Sundar¥*

Department of Mathematics,
Government Arts and Science College,
Aravakurichi - 639201, Tamil Nadu, INDIA

E-mail : avmaths@Qgmail.com

*Department of Mathematics,
Annamalai University, Annamalai Nagar - 608002, INDIA

E-mail : johnphdau@hotmail.com
(Received: Oct. 09, 2021 Accepted: Nov. 10, 2022 Published: Dec. 30, 2022)

Abstract: A new strong forms of sets called N-neutrosophic crisp d-open sets and
N-neutrosophic crisp d-closed sets in N-neutrosophic crisp topological space are
introduced in this article. Also, discuss their properties and examples are related
to N-neutrosophic crisp 0 open sets along with their near sets in N-neutrosophic
crisp topological spaces.
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1. Introduction

The concepts of neutrosophy and neutrosophic set are the recent tools in a
topological space. It was first introduced by Smarandache [5, 6] in the end of 20
century. In 2014, Salama, Smarandache and Kroumov [3] has provided the basic
concept of neutrosophic crisp set in a topological space. After that Al-Omeri [1] also
investigated some fundamental properties of neutrosophic crisp topological Spaces.
Al-Hamido [2] explore the possibility of expanding the concept of neutrosophic crisp
topological spaces into N-topology and investigate some of their basic properties in
N-terms. In 1968, the idea of §-interior and d-closure operations was introduced by
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Velicko [15] which are stronger than open sets. Also, it have been widely introduced
some new spaces, sets and functions. Vadivel et al. [9, 10, 14] introduced d-open
sets in a neutrosophic topological spaces. Recently, Vadivel et al. introduced -
open [7] and S-open sets [8] and their maps [11, 12, 13] in N-neutrosophic crisp
topological spaces.

In this present work, we establish the concept of N-neutrosophic crisp d-open
sets and N-neutrosophic crisp d-closed sets in N,.ts and also interrogate some
of their basic properties along with their near open sets in N-neutrosophic crisp
topological spaces.

2. Preliminaries
Some basic definitions & properties of N, topological spaces are discussed in
this section.

Definition 2.1. [4] For any non-empty fized set X, a meutrosophic crisp set
(briefly, ncs) M, is an object having the form M = (M, My, M3) where My, M,
& Mj are subsets of X satisfying any one of the types

(T1) M,NMy=¢,a#b& | J_, M, C X, Va,b=1,2,3.

(T2) M,NMy=¢,a#b& J_, M, =X, VYa,b=1,2,3.

(T3) Mooy M= & U} My = X, Va=1,2,3.

Definition 2.2. [4] Types of ncs’s Oy and Xy in X are as follows
(i) On may be defined as On = (0,0, X) or (0, X, X) or (B, X,0) or (0,0, D).
(i) Xn may be defined as Xy = (X, 0,0) or (X, X,0) or (X,0,X) or (X, X, X).

Definition 2.3. [4] Let X be a non-empty set & the ncs’s M & E in the form
M = (M1, Mag, M3s), E = (En1, Ea, Es3), then

(i) M CE < My, C Eyy, My C Egy & Msz D Es3 or My C Eyy, Mays O Eay &
Mss O Ess.

(i) MNE = (MyyNE, Moy Egg, MszU Ess) or (Mg N Ey1, MU Esy, MszU E33)
(111) MUE = (M1 UE1, MasU Esy, M3sN Ess) or (M1 UE 1, MasN Egy, M3sM Ess)

Definition 2.4. [4] Let M = (M, My, M3) a ncs on X, then the complement of
M (briefly, M¢) may be defined in three different ways:

(CI) MC = <MIC7M267 M30>; or
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(02) MC = <M3,M27M1>, or
(C3) M¢ = (M3, Ms®, M).

Definition 2.5. [3] A neutrosophic crisp topology (briefly, n.t) on a non-empty set
X is a family T’ of nc subsets of X satisfying

(i) @N,XNGF.
(11) M,NMyel'V M, & M, eT.
(i) UM, €T, ¥ M,:ae ACT.

Then (X,T') is a neutrosophic crisp topological space (briefly, ncts) in X. The
neutrosophic crisp open sets (briefly, ncos) are the elements of I in X. A necs C
is closed (briefly, nccs) iff its complement C° is ncos.

Definition 2.6. [2] Let X be a non-empty set. Then ,.I'1, ncla, -+, nel'n are
N-arbitrary crisp topologies defined on X and the collection N,.I' is called N -
neutrosophic crisp (briefly, Ny.)-topology on X is

N

N
NpeI' ={AC X : A= (U E;)U( F)), Ej, Fj € nel's}
j=1 j=1
and it satisfies the following axioms:

(Z) (Z)N, Xy € N, T

(i) U Aj € NooT ¥ {4,332, € N,,.T.
j=1

(i) (| Aj € Npel' V {A;}]_; € Ny I
j=1
Then (X, Ny .I') is called a N-neutrosophic crisp topological space (briefly, Npcts)
on X. The N-neutrosophic crisp open sets (briefly, N,.0s) are the elements of
Np.I' in X and the complement of N,.0s is called N-neutrosophic crisp closed sets

(briefly, Nyecs) in X. The elements of X are known as N-neutrosophic crisp sets
(Npes) on X.

Definition 2.7. [2] Let (X, N,.I') be Ny.ts on X and M be an N,.s on X, then
the N-neutrosophic crisp interior of M (briefly, Nycint(M)) and N-neutrosophic
crisp closure of M (briefly, Np.cl(M)) are defined as

Npeint(M) =U{A: ACM & Aisa N,.0sin X}
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Npecl(M)=n{C: M CC & Cis a Ny.csin X}.

Definition 2.8. [2] Let (X, N,.I') be any Ny.ts. Let M be an Ny.s in (X, Np.I').
Then M is said to be a N-neutrosophic crisp

(1) regular open [7] set (briefly, Nycros) if M = Npeint(Ny.cl(M)).
(ii) pre open set (briefly, Np.Pos) if M C Nycint(Nyecl(M)).
(i1i) semi open set (briefly, Np.Sos) if M C Ny.cl(Nyeint(M)).
(iv) a-open set (briefly, Np.cos) if M C Nycint(Nyecl(Nyeint(M))).
(v) B-open [8] set (briefly, Npefos) if M C Npecl(Npeint(Npecl(M))).

The complement of a Ny.ros (resp. NypcPos, NpSos, Nycaos & Ny.pos) is
called a N-neutrosophic crisp reqular (resp. pre, semi, o & () closed set (briefly,
Nyeres (resp. Np.Pes, Ny.Ses, Npeacs & Npefes)) in X.

The family of all N,.Pos (resp. Nn.Pcs, Np.Sos, Np.Scs, Ny.aos, Ny.acs,
Nyefos & Ny.Les) of X is denoted by Np.POS(X) (resp. N PCS(X), NpeSOS(X),
NpeSCS(X), NpeaOS(X), NpeaCS(X), NpeSOS(X) & N,efCS(X)).

3. J-open sets in N, ts
Throughout the section, let (X, N,.I') be any N,.ts. Let M and E be an N,.s’s

in (X, N,.I').
Definition 3.1. A set M is said to be a N-neutrosophic crisp

(i) 0 interior of M (briefly, Nyp.0int(M)) is defined by Npdint(M) = U{A: A C
M & A is a Ny.ros}.

(ii) 6 closure of M (briefly, N,.0cl(M)) is defined by N,.0cl(M) =n{C : M C
C & Cis a Nyeres in X}.

Definition 3.2. A set M is said to be a N-neutrosophic crisp
(i) 0-open set (briefly, Npc.dos) if M = Ny.dint(M).
(11) 6-pre open set (briefly, Nypc.0Pos) if M C Nycint(Nyeocl(M)).
(7ii) 6-semi open set (briefly, Np.0Sos) if M C Nyocl(Npdint(M)).
(iv) d-a-open set (briefly, Nyc0ao0s) if M C Nyeint(Npecl(Npcdint(M))).
(v) d-B-open set (briefly, N,.000s) if M C Nyecl(Npeint(Nyocl(M))).
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The complement of a Ny.00s (resp. NuodPos, Np.dSo0s, Nydaos & N,.d50s) is
called a N -neutrosophic crisp § (resp. d-pre, §-semi, 0-a & §-f) closed set (briefly,
Nycoes (resp. NyodPes, NpodScs, Npdacs & Nyeofes)) in X.

The family of all NV,,.0Pos (resp. Ny 0Pcs, NpdS0s, NpdScs, Nydaos, Nydacs,
Nudpos & N,0Pcs) of X is denoted by N,.0POS(X) (resp. N, dPCS(X),
NpedSOS(X), NpedSCS(X), NpedaOS(X), NpedaCS(X), NpedOS(X) & Nyed
B CS5(X)).

Proposition 3.1. Fvery N,.00s (resp. N,.0cs) is a Np.os (resp. Npecs).
Proof. Let M is a N,.00s, then M = N,,.0int(M) C N,.int(M). ... M is a N,.0s.
Similar for their respective closed sets.

Proposition 3.2. Every N,.00s (resp. Npc0cs) is a Npeos (resp. Npecs). Every
Nycos (resp. Nyecs) is a Npdaos (resp. Npcdacs).
Proof. Let M is a N,.0s then M = N, int(M) and so M C N,.int(Nyecl(Nye 0
int(M))). .. M is a Ny.0a0s.

Similar for their respective closed sets.

Proposition 3.3. Every N,.daos (resp. Np.dacs) is a N,.0Sos (resp. NpdScs).
Proof. Let M is a N,.0aos then M C N, int(N,.cl(N,.0int(M))). So M C
Nyeint(Npecl (Npedint(M))) C Nypecl(Nye dint(M)). . M is a N,,.0S0s.

Similar for their respective closed sets.

Proposition 3.4. Every N,.0aos (resp. Np.dacs) is a Ny.0Pos (resp. NpdPcs).
Proof. Let M is a N,.0cos then M C N, int(Npecl(Npdint(M))). So M C
Npeint(Npecl (Npedint(M))) C Npeint(Nye 0cl(M)). .. M is a N,,.0Pos.

Similar for their respective closed sets.
Proposition 3.5. Every N,.0S0s (resp. Ny.0S8cs) is a Ny0PBos (resp. Ny.00cs).
Proof. Let M is a N,.0S0s, then M C N,.cl(N,.0int(M)) C Ny cl(Npeint(Npe
dcl(M))). .. M is a N,.050s.

Similar for their respective closed sets.
Proposition 3.6. Every N, .0Pos (resp. Np.0Pcs) is a N,.00s (resp. N,.0pcs).
Proof. Let M is a N,,.0Pos, then M C N, int(Np.0cl(M)) C Ny cl(Npeint(Npe
d cl(M))). .. M is a N,.650s.

Similar for their respective closed sets.
Example 3.1. Let X = {lh myi, Ny, 01}, neTl = {¢N7 XN, <{l1, 01}, {ml, nl}, {ml, nl}
'} nem2 = {on, Xy}, then we have 2,.7 = {on, Xn, ({l1, 01}, {m1,n1},{m1,n1})},
then ({l1,01},{m1,n1},{m1,n1}) is a 2,.0s but not 2,.60s.

Example 3.2. Let X = {51,m1,n1,01,p1}, ncTl = {¢N7XN,A,370}7 neT2 =
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{¢N7XN}- A = <{n1},{nl},{11,m1,01=p1}>, B = ({lhml},{n1}7{n1,01,p1}>7
C = {li,m1,n1},{n1},{o1,p1}), then we have 2,.7 = {¢n, Xy, A, B,C}. The
set
(i
(ii

) ({li,mi, i, 00}, {na}, {p1}) is a 2,008 but not 2,,.0s.
) ¢ )
(i) ({l1, 1}, {1}, {ma,01,p1}) is a 2,.0Pos but not 2,.Ja0s.
) ¢ )
) ¢ )

{n1,01},{n1}, {l1,m1,p1}) is a 2,,.0S0s but not 2,.dcos.

(iv) ({t}, {n}, {m1,n1,01,p1}) is a 2,,.0B0s but not 2,.0S0s.

(v
Proposition 3.7. The union (resp. intersection) of any family of N,.0POS(X)
(resp. NpdSOS(X), NuebBOS(X), NpebPCOS(X), NpedSCS(X), NpubBCS(X))

is a NpdOS(X) (resp. NpedSOS(X), NpedOS(X), NydPCS(X), Nped SCS(X),
N,08CS(X)).

Remark 3.1. The intersection of two N,.080s (resp, N,.0Pos & Np.050s)’s need
not be N,.0S0s (resp, Np.dPos & Ny.050s.

Example 3.3. In Example 3.2, The sets

(1) <<{ll> my, 01}7 {n1}7 {nlap1}>> and <{n17 017p1}7 {nl}a {lla m1}> are 2n05803 but
the intersection ({01}, {n1}, {l1,m1,n1, p1}) is not 2,,.0S0s.

(ii) (({l,n1, 01}, {na}, {ma, p1})) and ({mq, ny, 01}, {n1}, {l, p1}) are 2,.6Pos but
the intersection ({ny,01},{n1},{li, m1, p1}) is not 2,.0Pos.

(111) <<{ll> mlapl}a {77/1}, {nla 01}>> and <{m17 nl7pl}7 {nl}a {lla 01}) are 2nc(5608 but
the intersection ({mq,p1},{n1},{l1,n1, p1}) is not 2,.050s.

{li,01},{n1}, {m1,n1,p1}) is a 2,.0Bos but not 2,.0Pos.

Proposition 3.8. The N,.0-interior operator satisfies
(i) Npdint(M) C M.
(ii) M C E = N,0int(M) C Npbint(E).

(71i) Npdint(M N E) = Npdint(M) NN, dint(E).
(iv) Np.dint(M) is the largest N,.d0os containing M.

(v) Npdint(M) = M iff M is an Ny,.00s.
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(vi) NpoSint(Npdint(M)) = Nodint(M).
(vii) (X\Npedint(M)) = Npedcl(X\M).
Proof.
(i) Npdint(M)=U{A: AC M & Ais a N,.ros}. Thus, Npdint(M) C M.

(ii) Npdint(F) = U{A: ACE & Aisa Nyros} DU{A: ACM & Aisa
Nyerost D Ny dint(M). Thus, N, dint(M) C N, dint(E).

(ili) Npdint(M NE) =U{A: AC MNE & Aisa Nyros} = (U{A: A C
M & Aisa Nyrosp)N(U{A: AC E & Aisa Nyros}) = Nydint(M) N
Nydint(E). Thus, N,.dint(M N E) = Nybint(M) N Nypdint(E).

(iv) If Ais any N,.d0s contained in M, then A C N,,.6int(M). Hence, N,.dint(M)
is the largest N,.00s containing M.

(v) Suppose M is any N,.00s of X. Then the largest N,.dos contained in M is
itself. Therefore, N,.dint(M) = M.

(vi) By (iv), the largest N,.00s containing N,.dint(M) is itself. Hence, N,.0
int(Nye dint(M)) = Ny dint(M).

(vil) Npdint(M) is the largest N,.dos containing M. The complement is the
smallest N,.0cs contained in X\M. Therefore, (X\N,.0int(M)) = Np.o
cl(X \M).

Hence the proof.

Proposition 3.9. The N,.0-closure operator satisfies
(i) M C Ny.dcl(M).
(ii) M C E = N,.6cl(M) C Np.ocl(E).
(111) Npocl(M UE) = N,.0cl(M) U N,Ocl(E).
(1v) Npdcl(M) is the smallest Ny.0c set containing M.
(v) Npdcl(M) = M iff M is an Ny.dc set.
(Vi) Npedcl(Npedel(M)) = Nyoocl(M).
(vii) (X\Npeocl(M)) = Ny dint(X\M).
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(viii) y € Npdcl(M) iff M N C # ¢ for every N,.dos C' containing y.

Proof. (viii) Suppose y € N,,.0cl(M). Let C be a N,.dos containing y. If MNC =
¢, then X\C' is a N,.dcs containing M and so y ¢ N,.0cl(M), a contradiction.
Therefore, M NC # ¢. If y ¢ N,.0cl(M), then there exists a N,.dcs D containing
M such that y ¢ D. Then C = X\ D is a N,.dos containing y such that MNC = ¢,
a contradiction. Therefore, y € N,.0cl(M).

The other cases are follows from Proposition 3.8.

4. Conclusion

We have studied some new notions of strongly N,. open (closed) sets called
N,.0-open and N,,.0-closed sets and their respective interior and closure operators
in this paper. Also, N,.0a-open, N,.da-closed, N,.0S-open, N,,.0S-closed, N,,.0P-
open, N,.0P-closed, N,.03-open and N,.03-closed sets are introduced. Also stud-
ied some of their fundamental properties in N,.ts. In our next work, this can be
extended to N,.0-continuous mappings in N,.ts and also their relationship with
near mappings such as N,.6aC'ts, N,.0SCts, N,,.0PCts and N,.65Cts. Also, their
N,.0 open and N,.d closed mappings in N, ts.

References

[1] Al-Omeri W., Neutrosophic crisp sets via neutrosophic crisp topological Spaces
NCTS, NSS, 13 (2016), 96-104.

[2] Al-Hamido Riad K., Gharibah T., Jafari S. and Smarandache F., On neutro-
sophic crisp topology via N-topology, NSS, 23 (2018), 96-1009.

[3] Salama A. A., Smarandache F. and Kroumov V., Neutrosophic crisp sets and
neutrosophic crisp topological spaces, NSS, 2 (2014), 25-30.

[4] Salama A. A. and Smarandache F., Neutrosophic crisp set theory, Educa-
tional Publisher, Columbus, Ohio, USA, 2015.

[5] Smarandache F.; A Unifying field in logics: neutrosophic logic. neutroso-
phy, neutrosophic set, neutrosophic probability, American Research Press,
Rehoboth, NM, 1999.

[6] Smarandache F., Neutrosophy and neutrosophic logic, First International
Conference on Neutrosophy, Neutrosophic Logic, Set, Probability, and Statis-
tics, University of New Mexico, Gallup, NM 87301, USA (2002).



N, 0-Open Sets 215

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Vadivel A. and John Sundar C., v-open sets in N, .-topological spaces, Ad-
vances in Mathematics: Scientific Journal, 9, (4) (2020), 2197-2202.

Vadivel A. and John Sundar C., N,.B-open sets, Advances in Mathematics:
Scientific Journal, 9, (4) (2020), 2203-2207.

Vadivel A. and John Sundar C., Neutrosophic §-Open Maps and Neutrosophic
d-Closed Maps, International Journal of Neutrosophic Science (IJNS), 13, (2)
(2021), 66-74.

Vadivel A. and John Sundar C., New Operators Using Neutrosophic J-Open
Set, Journal of Neutrosophic and Fuzzy Systems, 1, (2) (2021), 61-70.

Vadivel A. and John Sundar C., N,.y Maps in N,.Topological Spaces, In-
ternational Journal of Neutrosophic Science, 18, (3) (2022), 30-40.

Vadivel A. and John Sundar C.; On Almost 7-Continuous Functions in N-
Neutrosophic Crisp Topological Spaces, Palestine Journal of Mathematics,
11, (3) (2022), 424-432.

Vadivel A., John Sundar C., and Thangaraja P., N,.B-Continuous Maps,
South East Asian Journal of Mathematics and Mathematical Sciences, 18,
(2) (2022), 275-288.

Vadivel A., Seenivasan M. and John Sundar C., An introduction to d-open
sets in a neutrosophic topological spaces, Journal of Physics: Conference
Series, 1724 (2021), 012011.

Velicko N. V., H-closed topological spaces, Mat. Sb. 70, (1966), 98-112;
English transl., in Amer. Math. Soc. Transl., 78, (2) (1968), 102-118.



216 South FEast Asian J. of Mathematics and Mathematical Sciences



