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Abstract - This paper introduces the idea of neutrosophic R, closed (Regular Generalised
Closed) sets, which are new neutrosophic closed sets in topological spaces. Additionally, some
of its connections to other neutrosophic closed sets that already exist have been analysed, and
some of their characteristics have been examined.
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I.  INTRODUCTION

Zadeh [1] first proposed the fuzzy set theory who also researched truth (), the degree of

membership, and defined it. Atanassov [2,3,4] presented the falsity (&), often known as the

degree of nonmembership, in an intuitionistic fuzzy set. The intuitionistic fuzzy topology was

created by Coker [5]. Smarandache [6,7] first proposed the concept of neutrality (J), or the

degree of uncertainty, in 1998. Additionally, he described the neutrosophic set as consisting of

three elements: truth, falsehood, and indeterminacy. Salama et al.'s translation of the

neutrosophic crisp set notion into neutrosophic topological spaces may be found in [8]. As a

result, a wide range of research on neutosophic topology and its application in decision-making

algorithms became possible. In neutrosophic topoloical spaces, Arokiarani et al. [9] introduced

and investigated a-open sets. Devi et al. [10,11,12] presented generally ay-closed sets. This

study introduces the idea of Neutrosophic Rq-closed sets and Neutrosophic Rg-0pen sets in

Neutrosophic topological space and studies some of their characteristics.

1. PRELIMINARIES

Throughout this paper, ¥ denote the neutrosophic topological space ( X, 9t.) and for a subset tA
of ( X, 1) the closure of MA, interior of NA, regular closure of NA denoted by cl(NA),
int(MA),rcl(NA) respectively.

Explanation: 2.1 A Subset A of (X, 0,) is called if

(i)  Regular neutrosophic Closed( r- closed) Set [9] if cl(int(JtA))= NA.
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(i) Regular generalized neutrosophic closed(briefly neutrosophic rg — closed)set[6] if
cl(MA)c=Z whenever NtA € Z and Z is regular neutrosophic open in X

(iii)  Neutrosophic 8—closed set [10] if 1A =cl(NA), wherecls(A)= {u € X : int(cl(Z))n
NA # p,Zetand u € Z}

(iv)  Weakly n- generalized neutrosophic closed (briefly wrg — closed)[7] if cl(int(9tA))
c Z whenever tA € Z and Z is neutrosophic m-open in X.

(v) Regular Feebly Generalized neutrosophic closed (briefly RFG — closed) set [11] if
fcl(MA) € Z whenever A €7 and Z is regular generalized neutrosophic open (rg
—open) setin X

(vi)  semi-closed[4] if int(cl(9tA)) c NA.

Explanation: 2.2 A Subset 9tA of a neutrosophic topological space ( %, 9t,) is called

1. Generalized neutrosophic closed set (briefly g-closed) [3] if cl(NA) € Z
whenevertA € Z and Z is openin ( X, 9,) .

2. Weakly generalized neutrosophic closed (briefly wg-closed) [5]if cl(int(A)) & Z
whenever :tA € Z and Z is open in X.

3. regular weakly generalized (briefly neutrosophic rwg-closed) [5] if cl(int(9tA)) <
Z whenever tA <Z and Z is regular neutrosophic open in ¥

Explanation: 2.3 Let X be a neutrosophic topological space. The finite union of regular
neutrosophic open sets in X is said to be neutrosophic m-open set [2]. The complement of a
neutrosophic m-open set is said to be neutrosophic n-closed set [2].

Explanation: 2.4 A subset 9tA of a neutrosophic topological space ( ¥, 9t;) is called

1. Neutrosophic Pre-closed set [8] if cl(int(JtA)) € RNA.
2. Neutrosophic B — closed set [1] if int(cl(int(tA)))c RNA.

The complements of the above mentioned neutrosophic closed sets are their respective
neutrosophic open sets.

1. NEUTROSOPHIC R, — CLOSED SETS

Explanation:3.1 A subset 9tA of a neutrosophic topological space ( X, 9t,) is called a regular
generalized neutrosophic closed set(briefly R,— closed) if rcl(MA) € Z whenever A € Z and Z
is neutrosophic g open in ( X, 9t;) .The complement of a neutrosophic R, — closed set is
neutrosophic R, — open set.

Remark: 3.1
Neutrosophic RFG— closed
Neutrosophic § — Closed Neutrosophic rwg— closed

Nemophicl R, —%losed

_—— f -



Neutrosophic = —closed Neutrosophic wrg — closed
Neutrosophic r— closed

Principium :3.1 Every neutrosophic closed sets are neutrosophic R, -closed sets.

Testament: Let 9tA be any neutrosophic closed set in X . Suppose Z is neutrosophic t-open. Since
every neutrosophic t-open set is neutrosophic g-open and 9tA is neutrosophic closed,

we have cl(RtA)crcl(MA)S Z implies cl(MA)S Z, Z is neutrosophic g-open. Hence NA is
neutrosophic Rg-closed.

Principium :3.2 Every neutrosophic RFG-closed sets are neutrosophic R, —closed sets.

Testament: Let 9tA be any neutrosophic RFG-closed set in X.Suppose Z is tA rg-open in X such
that A < Z. Since every neutrosophic g-open set is neutrosophic rg-open and R4 is neutrosophic
RFG-closed,we have rcl(MA)< fcl(NA) € Z implies rclc Z, Z is g-open. Hence MA is
neutrosophic R, -closed.

The following IHlustration 3.3 clears that the converse of the Principium 3.1 need not be true.
Iustration:3.3 Let X = {(Ty, T1 F), (T2, I, 1), (Tw I Fx)}

T ={¢, X,{a},{b,c}{a,b,c}}. Neutrosophic Rg-closed sets are

{%0{ (T, S, Fa) }{ (Tns I, )y (T, S Fwd

{ (zll 33) gl)! (‘Z., Sl' gl)}’{ {(zll SJ: %J)! (I.; Sll gl)}{ (zli SJJ %J)! (ID' SD’ LV}D)!
(zm SI) gl)}’

{ (%232, F2): (Tn I Bx), (T T Fa) HLH(E2 30 83), (T B Tn): (T, I, Twd 3

neutrosophic RFG-closed sets are
{X 0 (T, Ju, F) F{ {0,308, (Tws I Fa) F(Fn, 35, T, (T I Tx)s (T Iy T )}
A (2,32, F): (T I Tx)) (T S Fu) H{H{(E 30 83)0 (2,32, F2), (Fas S, Fw) 3}

Here {(Tx, Ix Tx)) (T Sws Fu)}and{(T5,33, 1), (Tu, I, Fu)} are neutrosophic R, -closed
but not neutrosophic RFG-closed.

Principium :3.4 Every neutrosophic R —closed sets are neutrosophic rwg-closed sets.

Testament: Let 9tA be any neutrosophic R4z—closed set in X . Suppose Z is neutrosophic r-open
in X Since every neutrosophic r-open set is neutrosophic g-open in X and 9tA is neutrosophic Rg-



closed, we have cl(int(tA)) € rcl(NA) < Z implies cl(int(NA)) < Z, Z is neutrosophic g-open.
Hence MNA is neutrosophic rwg-closed.

The following Ilustration 3.5 clears that the converse of the Principium 3.3 need not be true.

IHlustration:3.5

Let X =
{(S:J' SJ) %J)' (2:3, SD' %3)' (zx' SN' %N)' (zl' 3-, g’l)}! T ={¢’ X ’{ {(zll S}: %J)}’{ (121 32: 8:2)
}{(Z5, 35, §1), (22,32, F1), (T, Ix Fx) H- Neutrosophic rwg-closed sets

are{ X 1q)1{ (EIN' SN' L&N)}’{ (%., Sl; g’l)}!{ (IJJ SJJ 31)) (IDJ 33: 8‘3)}’{

(33, SD) %3)) (zN' SN' L&N)}’{ {(zb Sl) %J)! (zx, SNJ 3&)}”{ (131 331 %D)’ (Ill 5l: ?jl)}i{
{(i;, SJ: %l)v (zl' Sl' g’l)}’{ (zx; SN; %N); (Il; Sl) 3-)}:{

{(T5,35, &) (F2,32,F2), (T, I, ) F{H{(E 30, 83), (T2,32,82), (T, Jw Fu) 1
(zlf Sli 8:1)1 (zN' SN' L&N)’ (zl' Sl; g’l)}!{ (z:b S21; 33)) (IN; SN: %N)l (I-; 5l: ?jl)} }

Neutrosophic R,-closed sets are
{ X 1¢1{ (i., Slf %l)}’{ (Z:N' SNJ 8‘&)) (3:-, 3l: %l)}!{ (3:3, 33: 813)’ (Il’ 5l’ %l)}!{

(zlf Slf %J)! (i., Sl' %l)}’{ {(IJJ SJJ 821)! (3:31 331 %3)1 (I-; Sl: 8‘-)}’{ (13’ 53’ 8‘3)1

(zN' SN; %N)! (Ezl' Sl' %l)}’{ {(IJJ SJJ 8‘1); (INI SN: %N)l (I-; Sll 8;-)}} Here
{(Fx 3 T H{ (T, 35, 83), (F2,32, FD L (F2,32, F), (T, I, T F{ (0,33, T,

(er SN: %N)}v

{ (T3 35 &), (T4,35, 1), (Tk, Ik, Fx)} are neutrosophic rwg-closed but not neutrosophic Rg-
closed.

Principium :3.6 Every neutrosophic R,—closed sets are neutrosophic wmg-closed set.

Testament: Let A be any neutrosophic R,—closed set in X .Suppose Z is m-open in X .Since
every neutrosophic m-open set is neutrosophic g-open in X and RA is Rg-closed, we have
cl(int(MA)) < rcl(NA) < Z implies cl(int(NA)) € Z, Z is neutrosophic g-open. Hence NA is
neutrosophic wmg-closed.

The following Illustration 3.7 clears that the converse of the Principium 3.6 need not be true.
Illustration:3.7

Let X =

{(T5, 35 81, (2,33, T2, (Tn I )y (T, S )} T ={d, X { (5,30, DI (2,32, 82)
FHE S0 E)) (B2, 32, FD)HLHE S &), (T2,32, 1), (T, Sws Ex) 1 neutrosophic wg -
closed sets are{d, ¥ { (Tw, Ju Fu)}{ (Tx, I FDFLL(E0 35 F), (T, I Fx) T

{(F2,32,82), (T, I T (T2,32,F2), (T, S ) F{H{(E 30, 8, (T, S Fw) B
(T I Fx), (s Sy Fa) B 35, 81), (T3, 32, F2), (T Ix T H

{(F30 8, (T2,32,F), (Tu, S Fa) E{LH{E 30, 83), (T, Ix, Tx), (s S Fu)} 1A
(F12,32, 1), (T, Sx Bx), (Tws Iuws Tw) J}:nEULrOSOphic R —closed sets



arE{q), X 1{ (Z., Sl' %.)}1{ (zl' SJ' gl)” (%., SIJ gl)}v{ (fzx, Sx, C&N)J (le' 3-, %l)}’{
(zj; S:1» C&D)i (Z., Sl' %.)}1{ {(zl' SJ' gl)' (zx, SNJ gN)J (%., SIJ Cl.Tfl)}’{
{(zli SJ! C&J)i (z:, S:1' %3)' (zl' Sl' gl)} },{(%;1, SZIJ gl)) sz; Sx, C&N)J (le' 3-, %l)}}'Here

{(S:N' SN) %N)}v{ {(zl' SJ' L&J)' (zN' SN' %N)}v{ (3:21; SZIJ gl)) (INJ Sx, g&)}’{
{(Z5 35 Ty (B2, 32, F2), (T, In Fx) } are neutrosophic wrg -closed but not neutrosophic Ry,-

closed.

Principium :3.8 Every neutrosophic r-closed sets are neutrosophic R,-closed set.

Testament: Let 9tA be any neutrosophic r-closed set in X .Suppose Z is neutrosophic g-open in
¥ . Since every neutrosophic r-open set is g-open in ¥ and 9tA is neutrosophic r-closed,we have
cl(int(MA)) < rcl(A) € Zimplies cl(int(NA)) € Z, Z is neutrosophic g-open. Hence MA is
neutrosophic R, -closed.

The following Ilustration 3.9 clears that the converse of the Principium 3.7 need not be true.
Illustration:3.9

LetX =

{(z;, Slf %l)' (zlf 33' %3)' (Z:N' SNJ 8‘&)) (3:-, 3ll %l)} T ={¢’ x’{ (IJ, Slr %1)}!{(13’ SD’ ‘5’3)}1{
{(z;, Slf %l)' (zlf SJ' %3)}’ {(Z:JJ SJJ 8‘1)) (3:31 33: %3)1 (INI SN: %N)}}’ neUtrOSOphiC r -closed
sets arE{(I), X 1{ {(zl' SJ' %J)’ (zll Sll 8;.)}!{ (131 331 8‘3), (SINJ SNJ 8;&)1 (EII' 3l’ 8;.)}}!
neutrosophic R,—closed sets

are{cl), X 1{ (Ez-) Sl' %l)}’{ {(zll SJ: 821)! (SI., Sll gl)}!{ (INJ SNJ 8:&)' (S:l' 3l' 8".)} }!{
("TDI SD) %3)1 (Ez-) Sl' %l)}’{ (3:1; SJ: S;J)l (SINI SN: gx); (SI., 3l: ?):l) }l{

{(:{’Jr SJ) g’l)) (13, 33' %3)’ (3:., Sll g;l)}!{ (SI:, 331 %3), (SINJ SNJ 8:&)1 (Il' 3l' 8".)} }'Here
{(zm S-: ‘Z’;.)},{ (zN' SN' %N)' (SIII Sll 8:-) }!{(131 S:: C&:), (Ill Sll 8:-)}!{

{(Z0, 33,83, (T I Bx)y (T Sy Fw) 3 B 30,83, (F5, 39, §2)} are neutrosophic R~
closed but not neutrosophic r-closed.

Principium :3.10 Every neutrosophic 6-closed sets are neutrosophic R,-closed set.

Testament:Let NtA be any neutrosophic 8-closed set in X .Suppose Z is neutrosophic T-open in
X . Since every neutrosophic Tt-open set is neutrosophic g-open in X .We have,rcl(ERA) c
cls(ANA) c Z implies rcl(NA) € Z, Z is neutrosophic g-open. Hence MA is neutrosophic Ry-
closed.

The following Illustration 3.11 clears that the converse of the Principium 3.9 need not be true.

Hlustration:3.11 Let X =

{(F0 30 8, (T2,32, F), (T I T} T ={h, X {{(T5, 33, FDF{ (T2, 32, F)HA{

{(T0 30, 81, (T2, FDH (F2,32, F), (T I T FHEL 30 T, (F2,32,F2), (T, I Bx)
1} then d-closed sets
are{ % vq)v{ ((Il' SI' 8;.) }v{{(zl' SJ: CLT{J)” (S:I' SI' CLT)'I) }l{(zl' SJ' 82)’ ((’Il' SI' c&.) }a{
{(E0 30T (B I Tx)y (Fw S Fw) H{ (2,32, F2), (B, I Tx), (T, Jwy Fw) Hrand



neutrosophic Ry —closed sets are
{ X 1{ (Z., Sl; C8’-)}1{ (SN' SN' gN)' (zl' Sl' gl)}v{ (z:b SDJ C8’2)}’{ {(%3, 33, %J),

(i., S.; C8’-)} }1{{(11' SJ' %J)' (13, SD' g:l)! (%., SIJ gl)} }’{(zl SDJ 82)' (%N' SN' %N)}’

(3:., S.; g'l)} ) {(zl' SJ' L&J)' (zN' SN' %N)}v (fl’., S-, g’l)}}}}'Here

{(T232,F), (Fw 3w F) H{{(E0, 35, 81), (T2,32, Fa), (T, Jw, Fw)}are neutrosophic R,-
closed,but not neutrosophic 5-closed.

Principium :3.12 Every neutrosophic mt-closed sets are neutrosophic R —closed set.

Testament: Let 9tA be any neutrosophic m-closed set in X . Suppose Z is neutrosophic r-open in
X .Since every neutrosophic r-open set is neutrosophic g-open in ¥ and by the Explanation of
neutrosophic m-closed set, A is union of neutrosophic r-closed. By Principium 3.8, we have
neutrosophic r-closed implies neutrosophicR, — closed. Hence, neutrosophic m — closed is

neutrosophic R,-closed.

Remark: 3.13 Neutrosophic S— closed

}

neutrosophic wg-closed 7 7

neutrosophic R, -closed neutrosophic pre-closed %
neutrosophic semi-closed

Remark: 3.14 The following Illustration clears that neutrosophic R, —closed sets are independent

from neutrosophic B — closed, neutrosophic wg — closed, neutrosophic Pre — closed, neutrosophic
Semi — closed.

Iustration:3.15 X = {(T;, I3, 1), (T2,32, F1), (T, I, Fx), (T, Iu, Fu)} be the nutrosophic
topological space.

(i) Consider the neutrosophic topology 1=

{d, X { (@30 TN (T2, 32, FDH (T, 30, T, (T2, 32, FDH{ (T2, T3, Fa), (T e ) 1A
{(Z5,35, 8, (T2, 39, F1), (T, Ix, Ex) 3} Here the neutrosophic B — closed set is

{d, X {{(Z35,8), F{Ex 30 T (Fu, Sw, Fa) 1 (Fu, Sw, Fa) 1

(T B Tx)) (T S Fw) 1 (T2, 32, F2), (T, I Fx)) (T Sy FwH{

{(T5, 33, 83), (T, Ix Bx), (T, Sy Fw) 1} @nd neutrosophic Ry, — closed sets are

{CI), X v{ ((Il' SI' C&I)}v{ (1& SN: g’x)' (zll SI' 8.)}’{ (3:3' SJ' 83)! (zl' SI' ?‘fl)}a{

{(T030 ), (T Sw )} F(E0 30T, (F2,32,82), (Tu, Sw, )}

A (F32,32,F2), (T I Fx), (T I Fw) HL{E 30 F), (T, I, ), (Tws Sw, Fw) 3
Here{(Z,, 35, &) } {(Tx, I, F) 1 (T4, 35, F1), (T, Sk, Fx) 3} are neutrosophic B — closed but



not neutrosophic R, — closed.

AISO{(ZD' SD' C&D)v (zli Sl' %.)},{ {(zl' SJ' gl)v (%., SIJ g.)},{ {(zw SJ' %})' (3:2' 32; 32)’
(Tw, I u, Tu)} is neutrosophic Ry — closed but not neutrosophic  — closed set.

(i) Consider the neutrosophic topology 1=

{q)v X 1{ {(zl' S}; %J)}’{(zj' 33' g':l)}!{ {(zlﬁ Sl) g’l)! (3::1; SDJ gl)}’{ (IJI 32: %2)1 (1}{' SNI %N)}’
{{(Z0 3083, (F2,32, F2), (T, Ik, Ex HH{(E0 30 T, (F2,32, F2)s (T, I, Fw) }-Here the
neutrosophic R, closed sets are

{q)v %1{ (zN' SN) %N)' (zl' Sl' gl)}v{ (%3, SDJ gl)) (zx, Sx, g&)! (I-, Sl: %l)}’{ {(111 31: 8:1)’
(T, Sx Br), (Tw, Iu, &w)}} and neutrosophic Pre — closed sets are

{q)1 %1{ (EIN' SN) %N)}’{ (zl' Sl; g’l)}!{ (zx, Sx, 3&)) (‘I-, 3-, 8‘-)}’{ {(ITM Sl: %l)n

(zli S-; %l)} }1{(z3' SD' L&D)' (z?‘{! Sx, LOS'N); (I., Sl; gl)}} Here
{(&E) 30 T, (T S Fx)y (Tws Jws Fu)} i NEUtrosophic Ry, — closed but not Pre — closed.

(iii)Consider the neutrosophic topology

={¢, X {{(T0,3 FDIH{ (T2 32, FDH{ Fn 3n T

{(Z5, 35 T, (T2, 39, &), (T, Ix, Ex) 3} Here the neutrosophic Semi — closed are

{¢1 X 1{ {(zl» 33, %J)}a{ {(S:J' SJ; 8‘1)! (EIIJ Sl: 8'-)}

}1{(z31 33: %3)1 (SIN' SN' %N)}’{ (3:3, 33, 8‘3)) (INI SN: %N)l (I-: Sll 8‘-)}} and neUtrOSOphiC Rg
— closed sets are {(I)’ X ’{ (SI., Sl) 8‘-)}!{ (INI Sx, %N)l (I-; Sl: %l)}’{ (131 SDH

g!)! (i., Slf %l)} ’{ {(zl' SJ' %J)H (3:-, 3l; %l)} }!{a! (3:3, 331 813)1 (Ilr 5lr %l)} }1

{("TDI 33; %3)) {(zl' SJ' %J)’ (le SN: S;N)! (SI., Sll gl)}

!{{(:{’J’ SJ) %J)v (zN' SN' %N)’ (zll Sll g;l)} } Here the

set{{(Zy, Iy, FDFH{(F1, 32, F1), (Tx, (T, I, Tx) }} are neutrosophic Semi — closed but
notneutrosophic R, — closed and{{(Tu, Ju; Fu)} 1 {(Ti; Ix, Fx)s (Tws > Tu)}

}!{(:{’31 33; %3)}1{{(3:1' SJ' %J)' (SI:, SJ: 8;3)1! (SI., S.; gl)} },{{(IJ; SJJ {‘;’J),C, (S:l' 3l’ 8;!)} }

are neutrosophic R,— closed but not neutrosophic Semi — closed.

(iv)Consider the neutrosophic topology

={¢, X {{(T03 FDI{ (T2, 32, FDFE 30 Ty (T, 32, FDHE 30 T,

(T4, 39, &), (T, I, Fx) }H}-Here the neutrosophic wg — closed sets are

{(I)! X !{ (z?{) SN: g?{)}’{(zl' S., %l)} }!{{(zll SJJ 8"});: (I.; Sll %l)}

}!{(z?{) SN: g?{)! (‘Z., SI' %l)} }!{(131 SJ: %3)11 (I.; Sll gl)}

F{EL 30 ) (T Ix Ty (T S Fw) } H (T2, 32, 82), (Tws (T B Fn)y (Fwy Sy Fw)d
}} and neutrosophic R, — closed sets are {¢p, X ,{ (T, Ju, Fu)} H{(Tr I, Ex)s (Tus Sws Fu)}
FH(F2,32F), (Fw Sw Fa)} F(E 30,81, (T, Ju Tu)}

F{EL 30, (F2,32,82)0 (Fu S Fw)d F{(Fa,32, 820 (T B )y (Fwy Swy Fw)d
FH{ELSED (T I Fx) (Tws Iws Fu)} F1-Here the set {{(Ty, 35, &), (Tw, S Fu)} }is
neutrosophic wg — closed but not neutrosophic R, — closed and

{{(Z0 3, 8), (T, S Fu) (0 30, 81), (T2, 32, Fa) (T, I, Su)} } are neutrosophic
R, — closed set but not neutrosophic wg- closed.
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