ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/364698616
Contra GN-Continuity in Neutrosophic Generalized Topological Spaces

Article - October 2022

DOI: 10.37896/pd91.5/91562

CITATIONS READS
0 15
3 authors:
Yuvarani Annasamy s.Vijaya
The American College, Madurai Thiagarajar College of Engineering
10 PUBLICATIONS 15 CITATIONS 16 PUBLICATIONS 6 CITATIONS
SEE PROFILE SEE PROFILE

Santhi Paulchamy
The Standard Fireworks Rajaratnam College for Women, Sivakasi.

11 PUBLICATIONS 6 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project A study of Almost Contra (b, p)-Continuous Functions in Generalized Topological spaces View project

Project Common Fixed Point Theorems in Weak Non-archimedean Intuitionistic Generalized Fuzzy Metric Spaces View project

All content following this page was uploaded by s. Vijaya on 25 October 2022.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/364698616_Contra_GN-Continuity_in_Neutrosophic_Generalized_Topological_Spaces?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/364698616_Contra_GN-Continuity_in_Neutrosophic_Generalized_Topological_Spaces?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/A-study-of-Almost-Contra-b-Continuous-Functions-in-Generalized-Topological-spaces?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Common-Fixed-Point-Theorems-in-Weak-Non-archimedean-Intuitionistic-Generalized-Fuzzy-Metric-Spaces?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yuvarani-Annasamy?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yuvarani-Annasamy?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/The-American-College-Madurai?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yuvarani-Annasamy?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/S-Vijaya?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/S-Vijaya?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Thiagarajar-College-of-Engineering?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/S-Vijaya?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Santhi-Paulchamy?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Santhi-Paulchamy?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Santhi-Paulchamy?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/S-Vijaya?enrichId=rgreq-51e97a9cc1dc684c8f4cc4fe96a10f34-XXX&enrichSource=Y292ZXJQYWdlOzM2NDY5ODYxNjtBUzoxMTQzMTI4MTA5MjA1NTA1OUAxNjY2NjkyMDM3NzQ2&el=1_x_10&_esc=publicationCoverPdf

PERIODICO di MINERALOGIA Volume 91, No. 5, 2022
ISSN: 0369-8963

Contra Gn-Continuity in Neutrosophic Generalized Topological Spaces

1 A. YUVARANI, 2S. VIJAYA and 3 P. SANTHI

PG & Research Department of Mathematics, The American College, Madurai Kamaraj University,
Madurai,Tamil Nadu, India. E-mail: yuvamaths2003@gmail.com
2PG & Research Department of Mathematics, Thiagarajar College, Madurai Kamaraj
University,Madurai,Tamil Nadu, India. E-mail: viviphd.11@gmail.com
3PG & Research Department of Mathematics, The Standard Fireworks Rajaratnam College for Women,Sivakasi,
Madurai Kamaraj University, Tamil Nadu, India.

E-mail: saayphd.11@gmail.com

Abstract
One of the aims of this article is to promote some Contra Continuous

Functions (CCF) by means of Neutrosophic Sets in Generalized Topological Spaces
(Gn-TSs). Then, we deliberate certain properties of CCF in Gn-TSs. Further, we talk
over about the associations among several types of CCF along with illustrations.
Also, we dealt the concept of almost continuous and its contra characteristics in Gn-
TSs. Finally, we discuss some separation axioms related to Gn-TSs.

Key words: Contra Gn-continuous function(Gn-CCF), contra Gn-a-continuous
function(Gn-aCCF), contra Gn-semicontinuousfunction(Gn-ocCCF),contraGn-pre-
continuousfunction(Gn-rCCF) and contra Gn-beta continuous function(Gn-BCCF).

Introduction

In 1965, fuzzy set idea was instigated byZadeh [19] that share out uncertainty
in actual lifestyles conditions. A special note to the field of topology was originated
by Chang [3] in 1968. Attanassov [1] in 1983, considered both membership and non-
membership of the elements in intuitionistic fuzzy sets. Coker [4] located a place for
Intuitionistic fuzzy topological space by extending the concepts of fuzziness.
Likewise, Jeyaraman M and Yuvarani A [9] talk over about Contra Alpha
Generalized Semi Continuous Mappings in Intuitionistic Fuzzy Topology. The
significant conjoint studies of contra continuity on generalized topological spaces
have been done by many researchers [8] & [10].

Smarandache [5], [6], [7] & [18] engrossed his interpretations en route for the
degree of indeterminacy that directed into Neutrosophic Sets (NS). In a little while,
Salama and Albowi [13] acquainted Neutrosophic Topological Spaces (NTS). In
addition to that, the continuous (Cts) functions in NTS were offered by Salama,
Smarandache and Valeri Kromov [14]. In [2], Contra-Continuity via topological ideals
was introduced and analysed by Bhuvaneshwari and et. al., in Ideal Topological Spaces.
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Further, Vijaya and Santhi [16] investigated about the Characterization of Almost (a, w)-
Continuous functions and its properties in Generalized Topological Spaces. In addition
to that, Contra Na-I-Continuity over Nano Ideals in Nano Topological Spaces and Contra
irresolute functions in Generalized Neutrosophic Topological spaces was look over by
Vijaya and et. al.,[15],[17]. By way of retaining most of these works as an
inspiration, Raksha Ben, Hari Siva Annam [11] & [12] contrived Gn-Topological Space
and reflected its properties, in 2020.

Here we deliberate certain properties of CCF in Gn-TSs. Additionally, we
presented several types of CCF along with illustrations. Also, we dealt the concept of
almost continuous and its contra characteristics in Gn-TSs. To end with, we
inspected some separation axioms related to Gn-TSs.

Prerequisites
Definition 2.1. [13]

Let I" be a non-empty fixed set. A NS, F = {( v, Mr(y), Ir(y), Ne(y) ) : y € '} where
Mre(y), Jr(y) and Nr(y) represents the degree of membership, indeterminacy and non-
membership functions respectively of every elementy € I'.

Remark 2.2. [13]

A NS, F can be recognized as a structured triple F = {(y, Mr(y), Ir(y), Ne(y) ) : Yy ET}
in] 0,1"TonT.
Remark 2.3.[13]

The NS, On and 1n in T is defined as

(P)On={(y,0,0,1):y€T}; (P)On={(7y,0,1,1):y€eT}

(Ps) ON={(y,0,1,0):y€T}; (P4) ON={(y,0,0,0):y€T}

(Ps) In={(7y,1,0,0):vy€T}; (Pe) In={(7y,1,0,1):y€T}

P)In={(y,1,1,0):y€eT}; (Ps) In={(y,1,1,1):y€eT}

Definition 2.4. [13]

If F = {{Mr(y), Tr(y), Ne(y) )}, then the complement of F on T is

(Po) FC={(v, 1 —Mk(y), 1 - Ir(y)and 1 - Ne(y) ) : Yy €T}

(P10) F* = {('y, Mr(v), Ir(y) and Mr(y) ) -y €T}

(P12) F* = {y, Mr(¥), 1 - Jr(y) and Me(y) ) : y €T}
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Definition 2.5. [13]

Let I' be a non-empty set and let F = {(y, Mr(y), Ir(y), Ne(y) ) : Yy €T} and T = {( v,
Mr(y), I1(y), N1(y) ) : vy €T'}. Then

(P12) F € T =2 Me(y) < Mx(y), Ir(y) < I1(y), Ne(y) = N7(y).VYET

(P13) F & T =Mr(y) < Mx(y), Ie(y) = Ir(v), Ne(y) = N7(y) VY €T
Definition 2.6. [13]

Let I' be a non-empty set and F = {{ v, Mr(y), Tr(y), Ne(y) ) : Yy €T} and T = {( v,
Mr(y), I1(y), N1(y) ) : vy € '} are NSs. Then,

(P1a) FOT = (y, Mr(y) A M(y), Te(y) V I1(y), Ne(y) vN(v) )

(P1s) FNT = (v, Mr(y) A Mx(y), Ir(y) A T1(v), Ne(y) V N1(v) )

(P16) FUT = (v, Me(y) V Mr(y), Te(y) A Ir(v), Ne(y) A N1(v) )

(P17) FUT = (y, Mr(y) v Mx(v), Tr(y) V I1(y), Ne(y) A N(y) )
Definition 2.7. [12]

Let I' # ¢. A family of Neutrosophic subsets of I" is Gn-topology if it satisfies

(A1) On € G

(A2) F1U F2 € Gy for any Fy, F2 € G.
Remark 2.8. [12]

Members of Gn-topology are Gn-Open Sets (Gn-0s) and their complements are Gn-
Closed Sets (Gn-Cs).
Definition 2.9. [12]

Let (T, Gn) be a Gn-TS and F = {( T, M=(Y), Ie(y), Ne(y) :y €T )} beaNSinT.

(A1) Gn-Closure(F) = N{T : F< T, T is Gn-Cs}

(A1) Gn-Interior(F) = U{W : W < F, W is Gn-Os}
Definition 2.10. [11]

A NS, FinaGn-TS is said to be

(A1)  Gn-c6-Open Set (Gn-60s) if F € Gn-clo(Gn-intr(F))

(A2) Gn-m-Open Set (Gn- n0s) if F € Gn- intr(Gn- clo(F)),

(As) Gn-a-Open Set (Gn-00s) if F € Gn- intr(Gn-clo(Gn-intr(F))),

(As)  Gn-B-Open Set (Gn-BOs) if F < Gn-clo(Gn-intr(Gn-clo(F))),

(As)  Gn-regular-Open Set (Gn-rOs) if F = Gn-intr(Gn-clo(F)),

(As)  Gn-b-Open Set (Gn-bOs) if F € Gn-clo(Gn-intr(F)) U Gn-intr(Gn-clo(F)).
Lemma 2.11. [11]

Every Gn- aOs is Gn-6Os and Gn-nOs.
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Definition 2.12. [11]

Let the function y : (I'1, p1) = ("2, p2) is defined to be Gn-Cts (resp.Gn-oCts, Gn-
nCts, Gn-aCts) if the inverse image of Gn-Cs in (I'2, p2) is a Gn-Cs (resp. Gn-6Cs, Gn-nCs,
Gn-aCs, GN-BCs) in (T'1, p1).

Contra Gn-Continuous Functions

Definition 3.1

Let (T'1, p1) and ("2, p2) be Gn-TSs. Then y: T'1— T2 is said to be

(A1) Contra Gn-Continuous Function (Gn-CCF) if for each Gn-Os M in I'z,
y}(M) is a Gn-Cs in Iy,

(A2) Contra Gn-a-Continuous Function (Gn-aCCF) if for each Gn-Os M in Iz,
y}(M) is a Gn-aCs in Iy,

(A3) Contra Gn-o-Continuous Function (Gn-cCCF) if for each Gn-Os M in Iz,
y1(M) is a Gn-6Cs in Iy,

(A4) Contra Gn-m-Continuous Function (Gn-zCCF) if for each Gn-Os M in Iy,
y}(M) is a Gn-nCs in Iy,

(As) Contra Gn-B-Continuous Function (Gn-BCCEF) if for each Gn-Os M in Iz,
y (M) is a Gn-BCs in T's.

Remark 3.2

Let y: (I'1, p1) = (I'2, p2) be a function, where (I'1, p1) and (I'2, p2) be Gn-TSs.
Then we obtain

PN
O = O = .0
N A

Where A 7 B means that A does not necessarily imply B and, moreover,

@ = Gn-CCF @ = Gn-aCCF
@ = Gn-nCCF @ = Gn-6CCF
@ = Gn-BCCF
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Example 3.3

The contrary implications may not be factual in general as shown below.

(i) Gn-aCCF #% Gn-CCF
Let v : (I'1, p1) = (I'2, p2) be defined as y(s) = v and y(t) = u, where I'1 = {5, t}
and I'2 = {u, v}, p1 = {On, 4, B}, p2 = {On, C, D, F€}.

1 7 8 3 5 6

10'10'10 10'10'10
922 744
10'10'10 10'10'10
2 6 7 7 4 2
g=<(_1_1_ (_a ’ PN N P N N

10 10 10 10 10 10 10 10 10 10 10 10
Now {1n, #¢, B¢, G} is Gn-0Cs of (I, p1). Here y (H) = @ewhich isGn-aCs but not

Gn-Cs. Hence, y is Gn-aCCF but not Gn-CCF.

4 6 7

10'10'10
653

10'10'10
8 3 3

) B=(( ) ( )

)5 ( ) D=(( )i ( ) )

3

) H=(( ) ( ))-

(ii) GN-nCCF #% Gn-aCCF and Gn-BCCF #» Gn-6CCF
Lety: (T'1, p1) = (I'2, p2) be defined as y(p) = w, y(q) = u and y(r) = v, where
I'1={p,q,r} and 2= {u, v, w}, p1 = {On, #, B}, p2 = {On, €, D, ¢}

10’10’2107 °10'10'107 10’10’10 7 ''10'10'10”7 10’10’1077 10'10'10 7"
© 10’10’1077 °10°'10'107°10'10'107” T ''10'10'107°10°10'10 7 10’10’10 7"
©'10'10'107°10'10'107°10'10'10°” © 710’1010 710’1010 10°10'10 7"

Page 850

Now {In, # ¢ B¢, G} and {In, # ¢, B} are Gn-nCs and Gn-oCs of (I'1, p1)
respectively. Here y *(H) = @ewhich isGn-nCs but not Gn-aCs. Hence, v is Gn-nCCF
but not Gn-aCCF. Also {1n, #¢<, B¢, G} and {In, #<, B} are Gn-BCs and Gn-6Cs
of (T'1, p1) respectively. Here y *(H) = @cwhich isGn-BCs but not Gn-6Cs. Hence, v is
Gn-BCCF but not Gn-6CCF.

(iii) GN-6CCF #» Gn-aCCF and Gn-BCCF #» Gn-nCCF

Lety : (I'1,p1) — (I'2,p2) be defined as y(p) = s and y(q) = r, where I'1 = {p, q}
and I'> = {r, s}, p1 = {On, #, B}, p2 = {0n, €, D, Ft}.

378,268 467
10'10°10

4= (( ) ( ) B=(( ) (i )

10'10'10 10'10'10
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8 4 2 8 3 3 6 5 5 7 4 4
e: PN AR R ) PUPRE aa Ra b @: PN AR R ) PR b
<(10 10 10)(10 10 10)> <(10 10 10)(10 10 10)>

5 5 6 5 5 6 6 5 5 6 5 5
= P N P N ’ ‘-%z P N oy 4
G <(10 10 10 (10 10 10)> <(10 10 10 (10 10 10)>

Now {In, # ¢, B¢, ¢} and {In, # ¢, B} areGn-oCs and Gn-aCs of (I'1, p1)
respectively. Here y *(H) = G which isGn-oCs but not Gn-aCs. Hence, v is Gn-
oCCF but not Gn-aCCF. Also {1n, #¢, $B¢, ¢} and {1n, #¢, B} are Gn-PCs and

Gn-nCs of (I'1, p1) respectively. Here y2(H) = @ which isGn-BCs but not Gn-nCs.
Hence, vy is Gn-BCCF but not Gn-nCCF.
Remark 3.4

Let v : (', p1)—>(T2, p2) be a function, where (I'1, p1) and (I'2,p2) be Gn-TSs.

Then
a /
Gn-CF  _ ’/ » GnN-CCF
Example 3.5

(i) Gn-CF #» Gn-CCF
Let y : (T'1, p1) = (I'2, p2) be defined as y(p) = s and y(q) = r, where I'1 = {p, q}
and I'> = {r, s}, p1 = {On, #, B}, p2 = {On, C, D}.

2 8 9 1 7 8 3 5 6 4 6 7
;4: DU AR Ry ) PPN D R b ‘(]3: PR R Ry ) PR b
<(10 10 10)(10 10 10)> <(10 10 10)(10 10 10)>

4 6 7 3 5 6 1 7 8 2 8 9

C= < (E1E!E)) (E!E!E) >: D= < (E1E!E)) (Evﬁ’ﬁ)%

Here, y is GN-CF but not Gn-CCF.
(ii) GN-CCF % Gn-CF

Lety : (T'1, p1) = (T2, p2) be defined as y(p) = v, y(q) = w and y(r) = u, where
I'i={p,q,r} and I'2={u, v, w}, p1 = {On, 4, B}, p2 = {On, C, D}.

"710'10'10 7 101010 1010’10 1010
-ty NS . S A .S
B ’ 10’10’10 7 ''10°'10'107°10'10'10 7 101010

) B=(

10°'10'10 7 101010
Here, y is Gn-CCF but not Gn-CF
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Theorem 3.6
Let y : (I'1, p1)—(T"2, p2)be a function. Then the following are equivalent:
(1) v is Gn-CCF.
(2) v Y(K) eGn-Os(I'1) for any KEGN-Cs(I2).
(3) For each keT'1and each LEGn-Os(I'2) with (k) ¢ L, there exists MeEGn-Cs(I'2) such that
ke M and y (L) cM.
(4) v is GN-CCF at any kel's.
(5) v }K) € Gn-intr(y Y(K)) for any KEGN-Cs(I'2)
(6) Gn-clo(y (L)) € y (L) for any LEGN-Os(I™2).
(7) Gn-clo(y X(Gn-intr(Q)) c v (Gn-intr(Q)) for any Qcr.
(8) v {(Gn-clo(Q)) c Gn-intr(y }(Gn-clo(Q))) for any QcI.
Proof :
(1) = (2) Let K € GN-Cs(I2). ThenT'2— K € Gn-0s(I2). By (1), v (I~ K) =T'i—y 1K) €
Gn-Cs(I'1). Thus v Y(K) €Gn-Os(I).
(1) > (3) Letk € Trand L € Gn-Os(I2) with w(k) & L. Then ke y (L), By (1), w}(L) €
Gn-Cs(I'1). Put M =y }(L). Then y}(L) € Mand kg M.
(3) = (1) Let L € Gn-Os(I'2). For each k € y}(I'>-L), w(k) ¢ L. By (3), there exists Mx €
Gn-Cs(I'1) such that kg Mxand y}(L) € Mk Then k € I''-Mxc T1— vy }(L) = y {2~ L).

Wehave, (J K< (U {IL-M3 cyp(@,-L).

key (T,-L) k el//_l(FZ—L)
Thus (L) = |J {I1-My}€ Gn-Os(I'y). This implies v (L) € Gn-Cs(Iw).
ke (5,-L)

Hence v is Gn-CCF.

(2) = (4) Letk € T1and L € Gn-Cs(T2, w(K)). By (2), v (L) € Gn-Os(T1). PutM =
v H(L). We have M € Gn-Os(I'1, k) and w(M) c L.

(4) = (5) Let K € Gn-Cs(I2). For each k € y}(K), w(k) € K. By (4), there exists M €
Gn-Os(I'1, K) such that w(M) € K. Since k € M c yY(K), we have k € Gn-intr(y%(K)). This
implies yX(K)  Gn-intr(y1(K)).

(5) = (6) Let L € Gn-Os(I'2). Then I'— L € Gn-Cs(I2). By (5), v ('~ L) < Gn-
intr(y *(I'>— L) = Gn-intr(I'— v (L)) = T'1— Gn-clo(yY(L)). Thus Gn-clo(y (L) cy }(L).

(6) = (7). Let Q c T2 Since Gn-intr(Q) € Gn-Os(I'2), By (6), we have Gn-
clo(y X(Gn-intr(Q))) c v X(Gn-intr(Q)).
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(7) = (8). Let Q c TI'o. By (7), Gn-clo(y }(Gn-intr(I'>-Q))) © v Y(Gn-intr(I2—Q)).
Then, Gn-clo(y Y(Gn-intr(I'>—Q))) = Gn-clo(y 12— Gn-clo(Q))) = Gn-clo(I'i— v 1(Gn-
clo(Q))) = I'i— Gn-intr(y Y(Gn-clo(Q))), and y }(Gn-intr(T'>— Q))) = I'i— v }(Gn-clo(Q)).
Thus v 1(Gn-clo(Q)) cGn-intr(y Y(Gn-clo(Q))).

(8) = (1) Let Q € Gn-Os(I'2). Then I'>- Q € Gn-Cs(I'2). By (8), I'i— v 1(Q) =
v}~ Q) = v {Gn-clo(l2— Q)) © Gn-intr(y }(Gn-clo(I'2— Q)) = Gn-intr(y 1(I'>—Q)).
Now, Gn-intr(y {(I'2—-Q)) = Gn-intr(I'i— v 1(Q))) = I''— Gn-clo(y Q). Then v }(Q) o
Gn-clo(y Q). Thus v (Q) € Gn-Cs(I'1). This shows that v is Gn-CCF.

Theorem 3.7

A mapping v: (I'1, p1)—>(T2, p2) is Gn-aCCF if and only if it is both Gn-tCCF and
Gn-oCCF.

Proof

Necessity.It is clear from Remark 3.2

Sufficiency.Let K be a Gn-Os(I'2). Then by hypothesis, v 1(K) is both Gn-nCs(I'1)
and Gn-oCs(I'1). Therefore Gn-clo(Gn-intr(y1(K))) c v (K) and Gn-intr(Gn-clo(y (K)))
cy 1(K). We have Gn-intr(Gn-intr(Gn-clo(y1(K)))) € Gn-intr(y*(K)). That is Gn-intr(Gn-
clo(y}(K))) < Gn-intr(y }(K)). Now Gn-clo(Gn-intr(Gn-clo(y *(K))) < Gn-clo(Gn-
intr(y1(K))) c v }(K). Hence v }(K) is a Gn-aCs(I"1). Thus v is Gn-aCCF.

Theorem 3.8
Let v : (T'1, p1)—>(I'2,p2) be a function from two Gn-TSs. Then the following conditions are
equivalent:

(1) v isGn-nCCF,

(2) y (M) is Gn-nOs(I'1)for every Gn-CsM in T,

(3) v (M) cGn-intr(Gn-clo(y*(Gn-clo(M)))) for every subset M in T2,

(4) Gn-clo(Gn-intr(y }(Gn-intr(M)))) cy1(M) for every subset M in T,

(5) McGn-intr(Gn-clo(y Y(Gn-clo(y(M))))) for every subset M in I's.

Proof

(1) © (2) is obvious.

(2) = (3) Let M c TI'2. Then Gn-clo(M) is a Gn-Cs in T'z. (2) implies that v 1(Gn-
clo(M)) is a Gn-nOsin T'1. Therefore y1(Gn-clo(M)) © Gn-intr(Gn-clo(y 1(Gn-clo(M)))).
Hence y (M) cy }(Gn-clo(M)) cGn-intr(Gn-clo(y 1(Gn-clo(M)))).

(3) © (4) can be proved by taking complement.
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(3) = (5). Let McTI'1. Then y(M) cI'2. (iii) implies that v 1(y(M)) cGn-intr(Gn-
clo(y Y(Gn-clo(y(M))))). ThereforeMcy X (y(M)) cGn-intr(Gn-clo(y X (Gn-clo(y(M))))).

(5) = 2). Let Mbe Gn-Csin T'2. Then y (M) c T'1. By hypothesis y (M) c Gn-
intr(Gn-clo(y Y(Gn-clo(y(y 2 (M)))))) © Gn-intr(Gn-clo(y Y(Gn-clo(M)))) = Gn-intr(Gn-
clo(y1(M))). Hence v *(M) is Gn-ntOs in T's.
Theorem 3.9

Let v : (I'1, p1)—>(T2, p2) be a function from two Gn-TSs. Then the following
conditions are equivalent:

(1) v is Gn-oCCEF,

(2) v (M) is Gn-6Os(I'1) for every Gn-CsM in Tz,

(3) v (M) < Gn-clo(Gn-intr(y*(Gn-clo(M)))) for every subset M in T2,

(4) Gn-clo(Gn-intr(y(Gn-intr(M)))) < v (M) for every subset M in T,

(5) M c Gn-clo(Gn-intr(y 1(Gn-clo(y(M))))) for every subset M in I';.
Proof

Proof is similar to Theorem 3.8.
Remark 3.10

We can obtain the above equivalent conditions for Gn-aCCF by Theorem 3.7.
Theorem 3.11

Let v : (I'y, p1)—>(T'2, p2) be a function from two Gn-TSs. Suppose that one of the
following conditions hold:

(1) v }(Gn-clo(K)) © Gn-intr(Gn-aclo(y1(K))) for each subset K in I,

(2) Gn-clo(Gn-aintr(y 1(K))) c v }(Gn-intr(K)) for each subset K in T2,

(3) y(Gn-clo(Gn-aintr(M))) c Gn-intr(y(M)) for each subset M in T'y,

(4) y(Gn-clo(M)) c Gn-intr(y(M)) for each Gn-aOs M inT'1.

Then vy is Gn-aCCF.
Proof

(1) = (2) is obvious by taking complement in (1).

(2) = (3). Let M c T'1, then y(M) c T'2. Now (ii) implies Gn-clo(Gn-aintr(y(y(M))))
c y YGn-intr(y(M))). That is Gn-clo(Gn-aintr(M)) © Gn-clo(Gn-aintr(y t(y(M)))) <
v H(Gn-intr(y(M))). Hence w(Gn-clo(Gn-aintr(M))) < w(y }(Gn-intr(y(M)))) < Gn-
intr(y(M)).
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(3) = (4). Let M c TI'ibe Gn-a0s. Then y(Gn-clo(Gn-aintr(M))) c Gn-intr(y(M)).
That is y(Gn-clo(M)) = y(Gn-clo(Gn-aintr(M))) c Gn-intr(y(M)), since Gn-aintr(M) = M.
Hence y(Gn-clo(M)) c Gn-intr(y(M)).

Suppose (4) holds: Let M c T'2be Gn-Os. Then y (M) c T'1 and Gn-aintr(y *(M)) is
Gn-aOs in T'1. (4) implies that y(Gn-clo(Gn-aintr(y1(M)))) © Gn-intr(y(Gn-aintr(y 1(M))))
c Gn-intr(y(y (M) < Gn-intr(M) = M. Now Gn-clo(Gn-aintr(y }(M))) c v *(y(Gn-
clo(Gn-aintr(y1(M))))) <y (M). We have Gn-clo(Gn-intr(y1(M))) < Gn-clo(Gn-
aintr(y(M))) cy 1(M). Therefore y (M) is a Gn-aCs and hence M is a Gn-aCs. Thus v is
Gn-aCCF.

Theorem 3.12

Let v : (T'1, p1)—>(T2, p2) be a function from two Gn-TSs. Then y is Gn-oCCF if
v }(M) c Gn-clo(Gn-intr(y(Gn-clo(M))))) for every subset M in I,.

Proof

Let M be Gn-Os in T'2. Then MCis Gn-Cs in I'z. By hypothesis y1(M°) c Gn-clo(Gn-
intr(y X(Gn-clo(M®))))) = Gn-clo(G-intr(yX(MF)))). This implies (y1(M))° c Gn-clo(Gn-
intr(y (M%) = (Gn-intr(Gn-clo(y 1(M)))°. Thus Gn-intr(Gn-clo(y}(M))) c vy }(M).
Hence y (M) is @ Gn-6Cs in T'1. Thus y is Gn-6CCF.

Theorem 3.13

Let v : (I't, p1)—>(I'2,p2) be a function from two Gn-TSs. Suppose one of the
following conditions hold:

(1) y(Gn-aclo(K)) c Gn-intr(y(K)) for each subset K in I'z.

(2) Gn-oclo(y 1(M)) c y 1(Gn-intr(M)) for each subset M in I'2.

(3) v }(Gn-clo(M)) c Gn-aintr(y 1(M)) for each subset M in T2.

Then vy is Gn-aCCF.

Proof

(1) = (2) Let M c T'2. Then y (M) c TI'1. (1) implies that y(Gn-aclo(y 1(M))) € Gn-
intr(y(y 1(M))) < Gn-intr(M). Now vy (y(Gn-aclo(y 1(M)))) c y 1(Gn-intr(M)). Therefore
Gn-aclo(y (M) c v (y(Gn-aclo(y1(M)))) c v {(Gn-intr(M)). Hence Gn-oclo(y 1(M))
vy Y(Gn-intr(M)).

(2) = (3) is obvious by taking complement in (2).

Suppose (3) holds: Let M c T'z2be Gn-Cs. Then, by hypothesis, y (Gn-clo(M)) < Gn-
aintr(y 1(M)). That is y 2(M) = y }(Gn-clo(M)) © Gn-aintr(y (M) cy (M). Therefore
vy }(M) is Gn-aOs in T'1. Hence v is Gn-aCCF.

Page 855 https://doi.org/10.37896/pd91.5/91562



PERIODICO di MINERALOGIA Volume 91, No. 5, 2022
ISSN: 0369-8963

Theorem 3.14

Let v : (I'1, p1)—>(T'2, p2) be a bijective function from two Gn-TSs. Then y is Gn-
nCCF if Gn-clo(y(M)) € y(Gn-mintr(M)) for each subset M of T'y.
Proof

Let K c T'zbe Gn-Cs. Then y 1(K) cI'1. By hypothesis Gn-clo(y(y 1(K))) © yw(Gn-
rintr(y1(K))). Now K = Gn-clo(K) = Gn-clo(y(y (K))) © y(Gn-rintr(y (K))). Therefore
v 1K) c y i(y(Gn-rintr(y 1(K)))) = Gn-rintr(y (K)) c v Y(K). Hence y }(K) is Gn-mtOs
and hence v is a Gn-nCCF.
Theorem 3.15

Let v : (I'y, p1)—>(I2, p2) be a Gn-aCCF from two Gn-TSs. Then the following
properties hold:

(1) Gn-aclo(y }(M)) < y 1(Gn-intr(Gn-aclo(M))) for each Gn-Os M in Ta.

(2) v 1{(Gn-clo(Gn-aintr(M))) c Gn-aintr(y 1(M)) for each Gn-Cs M in Ta.
Proof

(1) Let M © T2be Gn-Os. By hypothesis, y (M) is Gn-0Cs in T'1. Then Gn-
aclo(y*M)) = y M) = yYGn-intr(M)) c vy Y(Gn-intr(Gn-oclo(M))). Hence Gn-
aclo(y1(M)) c y 1(Gn-intr(Gn-aclo(M))).

(2) can be proved easily by taking complement of (1).
Theorem 3.16

Let v : (I'y, p1)—>(2,p2) be a function from two Gn-TSs. Then the following
conditions are equivalent:

(1) y is Gn-aCCF,

(2) for each k € T'1 and each Gn-Cs M containing y(K), there exists a Gn-aOs K in T’y
and k € K such that K c y (M),

(3) for each k € T'1 and each Gn-Cs M containing y(K), there exists a Gn-aOs K in I'y
and k € K such that y(K) c M.
Proof

(1) = (2) Let M c TI'zbe Gn-Cs and y(k) € M. By hypothesis, y (M) is Gn-00s in Iy
Therefore Gn-aintr(y 2(M)) = v }(M). Put K= Gn-aintr(y 1(M)). Then Kis a Gn-aOs in
Iand K c y }(M).

(2) = (3) Let M c I'2be Gn-Cs and y(k) € M. By hypothesis, there exists a Gn-00s K
in T'1and k € K such that K c y}(M). Therefore yw(K) < y(y (M)) € M. Thus y(K) € M.
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(3) = (1) Let M be GN-Cs in T2, Let k € Tiand w(K) € M. By hypothesis, there exists a
Gn-00s K in T1and k € K such that w(K) € M. This implies k € Kc vy {(y(K)) € v 1(M).
That is k € y1(M). Since K is Gn-a0s, K= Gn-aintr(K) c Gn-aintr(y 1(M)). Hence k € Gn-

aintr(y 1(M)). Therefore y (M) = U {k} € Gn-aintr(y 1(M)) c v }(M). Thus Gn-aintr
key (M)

(v (M) =y }(M) and y (M) is Gn-00s. Hence v is Gn-aCCF.
Theorem 3.17

(1) A function y : (I'1, p1)—(I'2,02) is @ Gn-6CCF from two Gn-TSs iff v (Gn-
oclo(M)) c Gn-cintr(y Y(Gn-clo(M))) for each subset M in I'z.

(2) A function v : (I'1, p1)—(I'2,p2) is a GN-nCCF from two Gn-TSs iff v (Gn-
nclo(M)) € Gn-rintr(y Y(Gn-clo(M))) for each subset M in T'-.

Proof

(1) Necessity. Let M c T'2. Then Gn-clo(M) is Gn-Cs in T2, By hypothesis, y(Gn-
clo(M)) is Gn-60s in I'1. Therefore y1(Gn-oclo(M)) € v }(Gn-clo(M)) = Gn-sintr(y (Gn-
clo(M))). Hence y 1(Gn-oclo(M)) c Gn-sintr(y (Gn-clo(M))).

Sufficiency. Let M c T';be Gn-Cs. Then Gn-clo(M) = M. By hypothesis y (G-
oclo(M)) © Gn-sintr(y Y(Gn-clo(M))) = Gn-cintr(y 1(M)). Now vy }(M) c y }(Gn-oclo(M))
c Gn-sintr(y{(M)) c y }(M). This implies y (M) = Gn-cintr(y (M)). Hence y (M) is
Gn-00s in I'tand hence vy is Gn-6CCF.

(2) Proof is alike to (1).

Theorem 3.18

A function y : (T'1, p1)—(I2, p2) is a Gn-aCCF from two Gn-TSs iff y 1(Gn-aclo(M))

c Gn-aintr(y (Gn-clo(M))) for each subset M in 2.
Proof:

We can obtain the proof for Gn-aCCF by Theorem 3.7 and 3.17.
Related Separation Axioms in Gn-TSs
Definition 4.1

Let (I', p1) and (I"2, p2) be Gn-TSs. Then y : I'1— Iz is said to be

(A1) Gn-Open if for each Gn-Os M in I'1, y(M) is a Gn-Os in Iy,

(A2) Gn-Closed if for each Gn-Cs M in I'y, w(M) is a Gn-Cs in T2,

(A3) Almost Gn-a-Continuous Function (Gn-AaCF) if for each Gn-rOs M in Iz,

y1(M) is a Gn-0Os in I'1.
(A4) Almost Contra Gn-Continuous Function (Gn-ACCF) if for each Gn-rOs M

in Iz, y}(M) is a Gn-Cs in Ty,
(As) Almost Contra Gn-a-Continuous Function (Gn-AaCCF) if for each Gn-
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rOs M in I'2, y1(M) is a Gn-aCs in Ty,
(As) Almost Contra Gn-o-Continuous Function (Gn-AcCCF) if for each Gn-
rOs M in I'2, y1(M) is a Gn-6Cs in Ty,
(A7) Almost Contra Gn-n-Continuous Function (Gn-AnCCF) if for each Gn-
rOs M in I'2, y}(M) is a Gn-nCs in I'1.
Definition 4.2
A GN-TS(I'1, p1) is said to be
(A1) Gn-connected if it cannot be expressed as the union of two nonempty, disjoint
Gn-Os,
(A2) Gn-a-connected if it cannot be expressed as the union of two nonempty, disjoint
GnN-00Os.
Theorem 4.3
If v : (T'1, p1)—>(2, p2) is GN-AaCCF and surjective function and I'1 is Gn-a-
connected space, then I', is Gn-connected space.
Proof
Suppose that I"2 is not Gn-connected space. Then there exists non-empty disjoint Gn-
Os K and L such that I'> = K U L. Therefore, K and L are Gn-rOs in I'2. Since vy is Gn-
AaCCF, then y {(K) and v (L) are Gn-aCs in T'1. Moreover, y }(K) and y (L) are
nonempty disjoint and T'1 = y {(K) U y }(L). This shows that I'1 is not Gn-a-connected. This
is a contradiction. By contradiction, I'2 is Gn-connected.
Definition 4.4
A GN-TS(T'1, p1) is said to be Gn-a-normal if every pair of nonempty disjoint Gn-Cs
can be separated by disjoint Gn-0.Os.
Definition 4.5
A GN-TS(T'1, p1) is said to be strongly Gn-normal if for every pair of non empty
disjoint Gn-Cs K and L in I'y there exist disjoint Gn-Os P and Q such that K < P, L < Q
and Gn-clo(P) mGn-clo(Q) = ¢.
Theorem 4.6
If (T2, p2) is strongly Gn-normal and v : (T'1, p1)—>(T2, p2) IS Gn-AaCCF and Gn-
Closed injective function, then (I'1, p1) 1S Gn-a-normal.
Proof
Let K and L be disjoint nonempty Gn-Cs of I'y.  Since v is injective and Gn-Closed,
y(K) and (L) are disjoint Gn-Cs. Since (T2, p2) is strongly Gn-normal, there exists Gn-Os P
and Q such that v (K) < P, v (L) < Q and Gn-clo(P) m Gn-clo(Q) = ¢. Then, since Gn-clo(P)
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andGn-clo(Q) are Gn-rCs and vy is Gn-AaCCF, y ™ }(Gn-clo(P)) andy (Gn-clo(Q)) are Gn-aOs.
Since K < v 1(Gn-clo(P)), L v (Gn-clo(Q)), and y (Gn-clo(P)) and y (Gn-clo(Q)) are

disjoint, (I'y, p1) IS Gn-a-normal.
Definition 4.7

A GN-TS (T, Gn) is said to be a Gn-Ps if for any Gn-Os M of T and each k € T, there
exists a Gn-rCs N containing k such thatk e N < M.

Theorem 4.8

Ify: (I'1, p1)— (I'2, p2) is GN-AaCCF and I'z is Gn-Ps, then y is Gn-a.CF.
Proof

Let M be a Gn-Os in T'z. Since I'2is Gn-Ps, there exists a family Q whose members are
Gn-rCs of I'; such that M = U {N: N € Q}. Since y is GN-AaCCF, y}(N) is Gn-0O0s in T’z
for each N e Q and hence y (M) is Gn-a.Os in T'1. Therefore y is Gn-a.CF.
Definition 4.9

A GN-TS (T, Gn) is said to be weakly Gn-Ps if for any Gn-rOs M of T and each k € T,
there exists a Gn-rCs N containing k such thatk e N < M.

Theorem 4.10
If v : (T, p1)—> (I'2, p2) is GN-AaCCF and T'2 is weakly Gn-Ps, then v is Gn-
AoCF.

Proof

Let M be a Gn-rOs in T'z. Since 'z is weakly Gn-Ps, there exists a family Q whose
members are Gn-rCs of I'z such that M = U {N: N € Q}. Since y is Gn-AaCCF, yi(N) is
Gn-a.0s in T'1 for each N e Q and hence y (M) is Gn-a.Os in T'1. Therefore vy is Gn-Aa.CF.
Theorem 4.11

Let (I'1, p1), (T'2, p2) and (I'3, p3) be GN-TSs and let yi: (I'1, p1)—>(T2, p2) and yo2:
(T2, p2)—>(T'3, p3) be functions. If y1 is Gn-a-irresolute and y2 is Gn-AaCCF, then
y2o w1 (I, p1)—>(T3, p3) is Gn-AaCCF.

Proof

Let M < I's be any Gn-rCs and let (w20 y1)(K) eM. Then y2(yi(k)) eM. Since y2 is

Gn-AoCCEF, it follows that there exists a Gn-aOs N containing yi(k) such that y2(N)c

M. Since w1 is A-a-irresolute function, it follows that there exists a Gn-aOs P
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containing k such that y1(P) < N. From here we obtain that (w20 y1)(P) = y2(y1(P)) < w2(N)
< M. Thus we show that y20 y1 is Gn-AaCCF.
Conclusion

In this paper we studied about Contra Continuous Functions (CCF) by means
of Neutrosophic Sets in Generalized Topological Spaces (Gn-TSs). Then, we
deliberate certain properties of CCF in Gn-TSs. Further, we talk over about the
associations among several types of CCF along with illustrations. Also, we dealt the
concept of almost continuous and its contra characteristics in Gn-TSs. Finally, we
discuss some separation axioms related to Gn-TSs. This paper can be further developed
into several continuous functions and its contra continuity such as Gn-b-continuous, Gn-b"-
continuous function, contra Gn-b-continuous function in Neutrosophic Generalized
Topological Spaces.

On account that the whole lot inside the world is complete of indeterminacy so, the
neutrosophic becomes seem and observed their location into research. There exists quite a few
utility in all area inclusive of in records era, information system and decision assist device as
an instance, relational database structures, semantic web offerings, economic records set
detection, new economy's growth, decline evaluation and many others. These notions can also
help the researcher in making algorithm to clear up problems.
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