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Abstract. In neutrosophic topological spaces, the notion of neutrosophic ab*ga-closed sets, neutrosophic
ab®ga-border, and neutrosophic ab*ga-frontier are described and their properties are discussed. The con-

nection between neutrosophic ab*ga-frontier and neutrosophic ab*ga-border are established
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1. Introduction

Neutrosophic sets is a generalisation of Atanassov’s [4] intuitionistic fuzzy sets and Zadeh’s
[20] fuzzy sets, and were first proposed by Smarandache [17] [18]. It also takes into account
the membership functions for falsehood, indeterminacy, and truth. In a number of disciplines,
including probability, algebra, control theory, topology, etc., Smarandache introduced the
neutrosophic idea in response to fuzzy sets and intuitionistic fuzzy sets’ inability to handle
indeterminacy-membership functions. Neurosophic set based notions were later introduced by
Alblowi et al. [1]. In the past 20 years, numerous scholars have utilised these potent ideas to
put forth numerous topological hypotheses. A novel idea in neutrosophic topological spaces
was proposed by Salama and Alblowi [14]. It gives a brief overview of neutrosophic topology,
which is a generalisation of Chang’s [6] and Coker’s [5] intuitionistic fuzzy topology.

In the subject of neutrosophic topological spaces, Salama et al., [11H13] presented the gen-
eralisation of neutrosophic sets, neutrosophic crisp sets, and neutrosophic closed sets. Salama,
et al., [13] proposed a few neutrosophic continuous functions as an initial set of continuous

functions in neutrosophic topology. In addition, a number of scholars have defined a number of
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closed sets in neutrosophic topology, including generalised neutrosophic closed sets |7] in neu-
trosophic topological spaces, neutrosophic a-closed sets [3], neutrosophic ag-closed sets [10],
and neutrosophic b-closed sets [8]. Neutrosophic b*ga-closed sets were defined by S. Saranya
and M. Vigneshwaran [15]. In order to establish a connection between the operators of neutro-
sophic interior and neutrosophic closure, Iswarya and Bageerathi [9] introduced a novel notion
of neutrosophic frontier operator and neutrosophic semi-frontier operator . ab*ga-closed sets
are new closed sets defined in topological spaces by Suthi Keerthana K, Vigneshwaran M, and
Vidyarani L [19]. These sets have been used to define various topological functions, such as
continuous functions, irresolute functions, and homeomorphic functions with certain separable

axioms.

This paper presents the idea of neutrosophic ab*ga-closed sets in neutrosophic topological
spaces and examines their characteristics as well as how they relate to other known characters.
The concepts in neutrosophic ab*ga-interior, neutrosophic ab*ga-closure, neutrosophic ab*ga-
border, and neutrosophic ab*ga-frontier are examined. Neutrosophic topological spaces have
a relationship between the neutrosophic ab*ga-border and the neutrosophic ab*ga-frontier,

along with associated features.

2. Preliminaries

The basic definitions which are used in the next section are referred from the references [14],

81, (7], (16], (10}, [2], [15].

3. Nap+ga- Closed Sets

Definition 3.1. Let prE be a subset of a xr7s(X, 7). Then s E is called

e a neutrosophic ab*ga-closed set(Napga-CS) if pacl(yE) € V whenever
~E C YV and V is a neutrosophic b*ga-open set in (X, 7).

Example 3.2. Let X = {,,a, ,b, ,¢} and the NS, yrL and prM are defined as
NL = {(nz, (,0.5,:0.3, ;0.7), (10.4,0.3, 10.7), (;0.5,40.2, 0.7)) Vo € X},

WM = {2, (10.7,:0.3, 10.5), (;0.7, 0.3, £0.6), (,0.7, 0.2, 10.5)) Vpz € X},

Then the NT, 7 = {50, v L, v M, o1}, which are NOS in the nr7s(X, 7).

If AN = {{nz, (:0.5,40.8, £0.7), (,0.6,0.8, ;0.7), (,0.5,:0.9, ;0.7)) Yy € X}, and
NE = {{nz, (105,03, 10.7), (,0.6,0.3, 0.7), (,0.5,,0.3, 10.7)) Vyz € X}

Then the complements of xrL, M, yyIN and yE are

NI = {{nz, (10.7,40.7, j0.5), (,0.7,;0.7, 0.4, (,0.7, 0.8, ;0.5)) Vpz € X},

NI = {(nz, (10.5,10.7, 0.7), (10.6,,0.7, £0.7), (0.1, 8, 10.7)) Vpz € X},

NN = {(n2,(:0.7,:0.2, 0.5), (10.7,40.2, ;0.6), (;0.7,,0.1, ;0. 5) W V& € X} and
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NE = {{nz, (:0.7,:0.7, 10.5), (;0.7,:0.7, 0.6), (,0.7,0.7, 0.5)) Yy € X}

Hence AN is Nprga- OS, ¥N is a Npsgo- CS, NE is Noprga- CS, NE is a Nyrgo- OS of
NTS(X,T).

 NaCl(E) = {{nz, (:0.5,;0.3,0.7), (0.6, ;0.3,0.7), (:0.5, ;0.3,0.7)) V,,x € X} which is contained
in ArN. That is yqcl(WE) € N.

Remark 3.3. Let x4 be a subset of \rrs(X,7), then Noprga- aint(yA) is Napga-0pen in
(X, 7).

Theorem 3.4. In ar7s(X,7), every NCS is Noprga- CS.

Proof. Let yE CV, where V is Ny go- OS in X.

- NE is NCS, nvd(WwE) = vE C V. But yocl(WE) C nel(wE) C V, which implies
NaCl(WE) CV.

2 NE is Nopga- CS.

The converse is not true.

Example 3.5. Let X = {,,a,,b, nc} and the NS, ;L and M are defined as

~L = {{nz, (;0.5,;0.3, ;0.7), (0.4,,0.3, 0.7), (;0.5,;0.2, ;0.7)) Vo € X},

NM = {(nz,(:0.7,;0.3, 10.5), (:0.7,,0.3, £0.6), (;0.7,,0.2, £0.5)) V& € X},

Then the N'T, 7 = {x0, L, sy M, o1} and the complement of N'S of »rL and yrM are defined
as

~L = {{nz,(;0.7,;0.7, £0.5), (;0.7,,0.7, £0.4), (:0.7, 0.8, 0.5)) Vpx € X},

N M = {(nz, (:0.5,,0.7, /0.7), (:0.6,0.7, £0.7), (;0.5,;0.8, 0.7)) Yz € X},

If WE = {(nz, (;0.5,;0.3, ;0.7), (;0.6,,0.3, 0.7), (10.5,;0.3, ;0.7)) Yy € X},

Then yrE is Naprga- CS but it is not a NCS of y7s(X, 7).

- nel(wE) = yM which is not equal to yE.

Theorem 3.6. In 7s(X,7), every No- CS is Naprga- CS.
Proof. Let yE CV , where V is Nygo- OS in X.

NE is No- CS, nvall(WE) = NE. But yacl(nvE) C V.

o N E is Napega- CS.

The converse is not true.

Example 3.7. From the example 3.4, the yE is Nuprgo- CS but it is not a N,- CS of
NTS(X, 7). o acl(wint(wel(E))) = aM which is not equal to y/E.

Theorem 3.8. In n7s(X,7), every Noprga- CS is Niego- CS.

Proof. Let yE CV, where V is N«go- OS in X.

" Bvery Nega- OS is Niega- OS, V is Ny go- OS.

 NE is Naprga- CS, nvaCl(WE) C V. But apc(WE) Cya cl(WE) € V, which implies
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NoCl(WE) CV. . NE is Nyrga- CS.

The converse is not true.

Example 3.9. Let X = {,,a, ,b, ,¢} and the NS, »rL and prM are defined as

N L = {(nz, (,0.6,:0.3, ;0.7), (10.5,0.3, £0.7), (;0.5,40.2, 0.7)) Vo € X},

NM = {{nz, (,0.7,0.3, ;0.5), (,0.7, 0.3, ;0.6), (0.7, 0.2, ;0.4)) V& € X},

Then NT, 7 = {n0, L, M, o1} and the complement of N'S of rL and yrM are defined as
NI = {(nz, (0.7,:0.7, ;0.6), (10.7, 0.7, 10.5), (;0.7, 0.8, £0.5)) Vpox € X},

NI = {{nz, (10.5,40.7, 10.7), (10.6,:0.7, 10.7), (;0.4,0.8, ;0.7)) Y,y € X} and

NN = {2, (10.7,:0.7, 0.6), (10.7,0.7, 0.6), (0.7, 0.3, ;0.5)) Yy € X}

If N E = {{n2, (0.6,,0.3, 10.7), (,0.6,,0.3, ;0.7), (,0.5,0.7, ;0.7)) ¥z € X}

Then nE is Np+go- CS but it is not a Nopega- CS of p7s(X, 7).

- NaClWE) = {{nz, (:0.7,40.3, 10.6), (0.7,:0.3, 10.5), (0.7, 0.7, ;0.5)) Vyz € X} which is not

contained in p V.

Theorem 3.10. In xr7s(X, 7), every Nopega- CS is Nys- CS.

Proof. Let yvE C V, where V is NOS in X.

" Every NOS is Ny go- OS, V is Nygo- OS.

 NE is Naprga- CS, nacl(WE) € V. But yscl(WE) C nvacl(wE) €V, which implies
NsClWE) C V. . vE is Nys- CS.

The converse is not true.

Example 3.11. Let X = {,,a,,b, ,¢} and the NS, »rL and xrM are defined as

NL = {{nz, (:0.6,0.3, /0.7), (0.5,;0.3, 10.7), (:0.5,40.2, ;0.7)) Vpz € X},

MM = { {2, (,0.7,40.3, ;0.5), (,0.7, 0.3, ;0.6), (;0.7, 0.7, 10.4)) V& € X},

Then NT, 7 = {x0, L, M, 1} and the complement of N'S of yrL and nrM are defined as
NI = {(nz, (0.7,:0.7, ;0.6), (10.7, 0.7, 10.5), (;0.7, 0.8, 0.5)) Vpox € X},

N = {{nz, (10.5,40.7, 10.7), (10.6,:0.7, ;0.7), (;0.4,0.3, ;0.7)) Vo € X} and

NN = {2, (10.7,:0.7, £0.6), (0.7,;0.7, 0.6), (0.7, 0.3, ;0.5)) Yy € X}

If N E = {{nz, (10.6,30.3, 10.7), (0.6, 0.3, £0.7), (,0.5,0.7, 10.7)) Vpz € X}

Here yE is Nys- CS but it is not a Nopega- CS of n7s(X, 7).

 Nall(WE) = {{n, (10.7,:0.3, 10.6), (10.7,0.3, 10.5), (,0.7,40.7, ;0.5)) Yoz € X} which is not

contained in V.

Theorem 3.12. In ar7s(X, 7), every Noprga- CS is Nyp- CS.

Proof. Let yvE C V, where V is NOS in X.

" Bvery NOS is Nysgo- OS, V is Nyega- OS. " NE is Noprga- CS, nvacl(WE) C V. But
Npel(WE) C nacl(WE) €V, which implies npcl(nE) C V.
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o NE is Ngy- CS.

The converse is not true.

Example 3.13. Let X = {,,a,,b, ,¢} and the NS, ;rL and yrM are defined as
NL = {(nz, (10.5,:0.3, ;0.7), (0.4, 0.3, £0.7), (;0.5,:0.2, 0.7)) Vo € X},

WM = {(nz, (,0.7,0.3, ;0.5), (0.7, 0.3, ;0.6), (0.7, 0.2, ;0.5)) Yz € X},

Then the N7, 7 = {x0, L, M, o1} and the complement of N'S of yrL and yrM are defined
as

NI = {(nz, (60.7,:0.7, ;0.5), (0.7, 0.7, 10.4), (;0.7,70.8, 0.5)) Yy € X},

N = {{n, (,0.5,40.7, 10.7), (10.6,:0.7, ;0.7), (,0.5, 0.8, {0.7)) Vo € X} and
NN = {{nz, (:0.4,;0.8, 0.7), (10.6,,0.5, 0.7), (0.5,,0.9, ;0.7)) Y € X}

If A E = {(n, (10.5,;0.3, ;0.7), (;0.6,;0.3, ;0.7), (:0.5,:0.2, ;0.7)) Vpz € X}

Here yrE is Ny,- CS but it is not a Noprga- CS of y7s(X, 7).

 Nacl(WE) = M which is not contained in x V.

Theorem 3.14. The union of any two Napgo- CS in (X,7) is also a Nyprga- CS in (X, 7).
Proof. Let yE and nF be two Noprga- CS in (X,7). Let V be a Nyrgo- OS in X s.t yE C
Vand vF C V. Then, vE U vF C V.

" NE and N F are Noprga- CS in (X, 7), implies yacl(WE) CV and yocl(vF) € V. Now,
Nall(WEUNF) = yall(WE) U nocl(vF) C V. Thus, yacl(NEUNF) CV whenever yrE'U
NF CV, Vis Nyega- OS in (X, 7) implies yE U N F is a Noprga- CS in (X, 7).

Theorem 3.15. The intersection of any two Nup=go- CS in (X,7) is also a Nppga- CS in
X, 7).

Proof. Let v E and xF be two Nypgo- CS in (X, 7). Let V be a Nyego- OS in (X,7) s.t 4F
CVand vF CV. Then, v\E N NF C V. "+ fE and v F are Nopego- CS in (X, 1), implies
NaCl(WE) CV and nocl(nF) C V. Now, yacl(WE N NF) = naCl(NE) N pacl(NF) C V.
Thus,

NaCl(WE N N F) CV whenever yE N A F CV, Vis Nyego- OS in (X, 7) implies yE N A F
is a Noprga- CS in (X, 7).

Theorem 3.16. Let s E be a Nopegqo-closed subset of (X, 7). If vE C v F C pacl(NE), then
NF is also a Ny go-closed subset of (X, 7).

Proof. Let yF C V, where V is Nyego- OS in (X,7). Then yE C nF implies yE C V.
NE is Noprga- CS, NaCl(WE)C V. Also 4F C nacl(vE) implies yacl(vF) C nyacl(NE).
Thus, yacl(nvF) CV and xF is Nab*ga- CS.

Theorem 3.17. If a set ;v E is Noprga- CS in (X, 7) iff nacl(NE) — nE contains no non-

empty Npga- CS.
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Proof. Necessity: Let ;' F be a Nygo- CS in (X, 7) such that 5 F C yocl(NE) — nE. Then
NF CX— yE. This implies y\E C X— yF. Now X— nF is Nyego- OS of (X, 7) such that
NE CX—= NF. - fE is Noprga- CS then nocl(vE) € X— nF. Thus yF C X— nocl(vE).
Now yF Cya cd(WE) (X —pna c(WE)) = NO.

Sufficiency: Assume yocl(vE) — xE contains no non-empty Nopgo- CS. Let yE C V,
V is Myga- OS. Suppose nacl(WE) €V, then nocl(E) NVE is a non-empty Nysgo- CS of
NaCl(E) — yE, which is a contradiction.

2. Nocl(yE) C V. Hence vE is Ngprga- CS.

4. Nyp+go-Border

Definition 4.1. For any subset arE of X, the neutrosophic ab*ga-border of A E is defined by
Navgalnbd(WE)] = NE \ Ny ga- nint(y E)

Theorem 4.2. In x7s(X,7), for any subset ;v E of X, the following statements are hold.
(1) Nab*galnbd(§)] = Nape galnbd(X)] = ¢

(ii) NE = Naprga — Nint(WE) U Nopga [WDA(WE)]

(i) Nabrga — Nint(xE) 0 Napsga[n0d(NE)] = ¢

(i) Napga — Nint(WE) = N E\ Napsga W (W E)]

(v) Nab*ga - Nint(Nab*ga Wbd(NE)]) = ¢

(vi) NE is Noprga-open iff Nopsganbd(WE)] = ¢

(vii) Nap*ga[nbd(Napga — nint(yE))] = ¢

(viii) Nabsga [N bd(Nap ga [N 0d(A E)])] = Nabeganbd (W E)]

(i) Nop*gaNDANE)] = NE N Naprga — Ncl(X \ v E)

Proof. Statements (i) to (iv) are obvious by the definition of Nupga-border of yE. If
possible, let ,x € Nopga — Nint(Noprga WA (W E)]).
Then nx € Napgalnbd(WE)], since Npprgalnbd(WE)] C NE, nz € Naprga —
Nint(Naprganbd(y E)]) € Napega — nint(yE).
© ot € Noprga — NInE(WE) N Napga[WDA(WE)], which is the contradiction to (ii). Hence
(v) is proved. NE is Nopga-open iff Noprga — Nint(WE) = vE. But Nopga [WDA(NVE)] =
NE\ Napega — Nint(yE) implies Noprgo [WDA(WE)] = ¢.
This proves (vi) & (vii). When yE = Noprga[nbd(WE))], then definition of Napsgq-border of
NE becomes Nops go [NOA(Naps ga [NDA(NWE)])] =
NaprgaNbd(WE)] \ Naprga — Nint(Napega nbd(a E)]).
By using (vii), we get the proof of (viii).
Now, Nopganbd(WE)] = NE \ Naprga — Nint(WE) =
NE N (X\ Naprga — Nint(WE)) = v E N Naprga — Nl (X\ ;v E).
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5. Nap*ga-Frontier

Definition 5.1. For any subset x/FE of X, the neutrosophic ab*ga-frontier of orF is defined
by
Nab*ga[/\/f"”(/\/E)} = Nab*ga —Nel(WE)\ Nab*ga — Nint(vE)

Theorem 5.2. In x7s(X, 1), for any subset sE of X, the following statements are hold.

(i) Novgaln fr(9)] = Napga v fr(X)] = ¢

(i) Nab+ga — Nint(WE) N Naprga[n fr(WE)] = ¢

(iit) Napgaln fr(WE)] € Napga — ncl(WE)

(iv) Napsga — Nint(WE) U Napega W FT(WE)] = Naprga — Mcl(WE)

(v) Narga = Nint(WE) = N E\ Nagega v fr(WE)]

(vi) If N E is Noprga-closed iff N E = Noprga — NIt (WE) U Naprga N fT(WE)]

(vii) N fr(WE) = N fr(Napgalnv fr(vE)])

(viti) If N E is Nopega-open, then

NE MNoprgaln frvE)] = ¢

(i) X = Noprga — NCUNE) UNaprga — Nl (X\ fE)

(z) If AE is Nop=ga-open, then

NategalW fT(Nabga — Nint(NE))] € Navegaln fr(WE)]

(zi) If N E is Nopega-closed, then

Nabga W fT(Naprga — nel(WE))] € Napga v frivE)]

(zii) If AE is Nopega-open iff then

Novga N fT(Navga — Nint (v E))] N Naprga — nint(vE) = ¢

Proof. Statements (i) to (vii) are true by the definition of Napsga- frontier of srE. By Re-
mark (8.3), If NE is Naprga-open, NE = Noprga — Nint(xE) and by statement (i), yEN
Novega N fT(WE)] = ¢. Hence (viii) is proved. (ix) is obvious. Since Nyprgo — Nint(yE)
is Naprga-open, then Noprgo — nvint(vE) = nNE, which implies Nopgaln fr(Naprga —
Nint(WE))] € Nopegalnfr(vE)]. Similarly, (zi) can be proved. By Remark (3.3) and by

statement (ii), (xii) is straight forward.

6. Relationship Between N,;4,-Frontier and N, 4,-Border

Theorem 6.1. In nr7s(X,7), for any subset ;o E of X, the following statements are hold.
(1) Napgalnbd(WE)] \ Napega v fr(WE)] = ¢

(1) Nap ga[nbd(n E)] € Napga v fr(nE)]

(iii) Nae ga n fr(Naveganbd(n E)])] = Naprga[abd(x E)]

(1) Nab*gaNbd(Napr ga v fr(nE)])] = Nopega v fr(vE)]

(v) If AE is Nop=ga- open, then

Nab*ga[Nfr(NE)} U Nab*ga[/\/bd(/\/E)} = Nab*ga[Nfr(NE)]
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(vi) Naegaln [T E)] N Nap ganbd(w E)] = Nap» ga [ bd(V E)]

(v1) Notrgal N T V)] U Nt ga WA EN] = Naorga W0d B

(viit) Nopga v fr(nE)] N Naprga[nbd(w E)] = Naprga v fr(nE)]

Proof. Statement (i) to (iv) are obvious by the definitions of Napgo- Frontier and Nyp+ga-

border of a set. . N E is Napga- open, then we have a statement from Ny gq-border of a set,
NovegaNA(E)] = ¢, which implies Noprga N fr(WE)| U ¢ = Nopeganfr(WE)]. Hence (v) is
proved. We know from statement (ii), Nop+gaNOA(WE)] € Napganfr(WE)] which implies
Nov ga N FT(WE)] N Naprga NOA(WE)] = NoprgaNOA(NVE)]. It gives the proof of (vi). By the
above statement,

NavgaNVA(WE)] = Napga N Fr(WE)] N NapegaNbd(WE)], and by using De Morgan’s law,
Nabega N fT(NE)] N Nape ga nbd(n E)] =

Nov ga IV FT(WE)] U Nops ga [NDA(N E)], it gives the proof of (vii).

Similarly we can prove the statement (viii).

7. Conclusions

The Nyp+ga-closed set in arrs was defined in this article, and its relationship to other
known ars in ar7s was examined. We also introduced and investigated the properties of
Nap*go-frontier and Nopgo-border of a set. Ny« go-frontier of a set in pr7s and found to be
connected. A few more functions, including Nyp+gq-continuous, irresolute functions, can be

derived from this set. Furthermore, it can be expanded to include the homeomorphism of

NTS-
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