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Abstract

This paper introduces temporal neutrosophic sets and discusses their basic properties. It presents the
concept of temporal neutrosophic topology in Chang’s sense and outlines its fundamental
characteristics. The overall neutrosophic topology in Chang’s sense is also defined. Finally, the study
explores the relationship between this topology and both the temporal and overall neutrosophic

topologies in Sostak’s sense.
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Introduction

Zadeh L. A. described the fuzzy set (FS) (Zadeh,
1965). In resolving environmental practical issues,
numerous fuzzy set generalisations have been
defined. The intuitionistic fuzzy set (JFS)
(Atanassov, 1983), which was presented by
Atanassov k. T. in 1983, is one of these
generalizations. Neutrosophic Sets (N'Ss),
(Smarandache, 1999) presented by Florentin
Smarandache, are an extension of F§s and JFS§ and
it is strong tool to deal with the conflicting,
ambiguous, and inadequate data that occurs in the
actual world. The degree of indeterminacy was first
presented by Smarandache as an independent
component Zadeh L. A. described the fuzzy set
(FS) (Zadeh, 1965). In resolving environmental
practical issues, numerous fuzzy set generalisations

have been defined. The intuitionistic fuzzy set
(JFS) (Atanassov, 1983), which was presented by
Atanassov k. T. in 1983, is one of these
generalizations. Neutrosophic Sets (NSs),
(Smarandache, 1999) presented by Florentin
Smarandache, are an extension of F§s and JFS and
it is strong tool to deal with the conflicting,
ambiguous, and inadequate data that occurs in the
actual world. The degree of indeterminacy was first
presented by Smarandache as an independent
component in 1998 and as a dependent component
(Smarandache, 2005) in 2005.

Topology is the mathematical study of the
properties of spaces that are preserved under
continuous deformations. Fuzzy topology extends
the concepts of classical topology by incorporating
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the idea of fuzziness, where the boundaries of set
are not sharply defined. The concept of fuzzy
topology was first introduced by Chang, C. L.
(Chang, 1968), who defined fuzzy open sets as
fuzzy subsets satisfying axioms similar to those of
classical open sets. In Chang’s definition constant
functions between fuzzy topological spaces are not
necessarily continuous. To address this, Lowen
(Lowen, 1976) introduced fuzzy topology to clarify
the connection between fuzzy topological spaces
and classical topological spaces.

Subsequently, A. Sostak (Sostak, 1985)
introduced fuzzy topology using the notion of fuzzy
neighborhood systems in L-topological spaces,
offering a unified, general, and categorical framework
for fuzzy topological spaces. Unlike Chang and
Lowen, who focused on fuzzy open sets, Sostak’s
approach supported defining topology through
neighborhoods just like in classical topology. There is
also additional research on fuzzy topology, including
work on fuzzy m-open sets (Wadei Faris and Alomeri,
2024) and totally continuous mappings, which has
further developed the area.

Intuitionistic fuzzy topology was developed as
a topological extension by Atanassov K. T
(Atanassov, 1986). Following Atanassov 's work,
Samanta, Coker, Fatih Kutlu, and Tunay Bilgin,
Feride Tugrul, Bilgin, Mondal, further developed
and defined (Coker, 1997; Samanta et al., 1997,
Kutlu et al. 2015; Kutlu, 2019; Tugrul, 2021)
Intuitionistic fuzzy topological spaces.

Neutrosophic  topology introduced by
Florentin Smarandache (Smarandache, 2005).
Smarandache and other researchers (Salama &
Alblowi, 2012; Salama et al, 2014; Iswarya &
Bageerathi, 2016; Saber et al, 2020; Abdulhusein
et al., 2025) examined NSs and their associated
topological structures, then presented the idea of
a Neutrosophic Topological Space (NTS), drawing
on the concepts of Chang, Lowen, and Sostak.
There is also other research on neutrosophic sets
and their extensions. Al-Omeri and collaborators
have advanced neutrosophic theory through new
fixed point results (Al-Omeri, 2023a), applications
of neutrosophic graphs to earthquake response (Al-
Omeri and Kaviyarasu, 2024) and service
classification (Wadei et al., 2024), and studies on
neutrosophic g-closed sets and topological spaces
(Al-Omeri, 2023b).

A temporal set models elements that change
over time, capturing real-world dynamics. This
helps in applications like weather, health,
economics, and image-video processing. Using
fuzzy and intuitionistic fuzzy approaches in
temporal models handles uncertainty better, adds
realism, and supports better decision-making.

Topology in temporal settings helps analyze
how elements change over time with continuity and
structure. It enables the study of evolving
relationships and smooth transitions, making it
essential for modeling dynamic, real-world systems.
Atanassov defined the temporal intuitionistic fuzzy
set (TJFS) (Atanassov, 1990). According to his
concept, an element’s degree of membership or
non-membership totally depends on its composition
and the present time period. He also developed the
concept of relations on temporal intuitionistic fuzzy
sets (Atanassov, 2001). This extension has been
recognized as one of the most significant
developments in the field (Hassaballah & Ghareeb,
2017; Garg & Kumar, 2020; Kutlu, 2019, 2021;
Tugrul, 2021). Furthermore, level operators on JFSs
were described by Cuvalcioglu and Yilmaz in 2014
(Yimaz & Cuvalcioglu, 2014), and fuzzy
functions for JFSs were developed by Parvathi and
Radhamani (Parvathi & Radhamani, 2019).

For temporal intuitionistic fuzzy sets, Kutlu,
F., Atan, and Bilgin (Kutlu et al., 2016) introduced
similarity, entropy, inclusion, and distance
measures and looked into some of these measures'
characteristics. Additionally, such ideas were
defined both temporally and generally, and the
relationship between these definitions was studied.
Kutlu and collaborators developed temporal
intuitionistic fuzzy metric spaces (Kutlu et al.,
2015) and extended intuitionistic fuzzy topology to
the temporal case in Sostak’s sense.

The most fundamental ideas of Temporal
Neutrosophic Sets (TN'Ss) are still undefined. In
real-world problems involving a time component,
there is a high likelihood of encountering
indeterminate cases. To address this, there is a need
for the development of Temporal Neutrosophic
Sets. TNV'S is incorporates temporal factors into the
calculation of the truth 7, indeterminacy 7,,, and
falsity F); membership degrees. It represents one of
the most significant expansions of neutrosophic
sets.

Incorporating temporal aspects into
neutrosophic topology enables the modeling of
uncertainty that changes over time. By assigning
time-dependent grades to open sets, this approach
offers a more realistic and flexible framework for
analyzing dynamic systems in fields such as
engineering, medicine, and economics.

In this work, TNVS and its topology are
defined, with descriptions of TV'S s provided. TNV'S
is introduced in Chang’s, Lowen’s, and Sostak’s
sense, along with its fundamental characteristics.
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Definition 2.1 (Smarandache, 2005)
Consider E be a set which is not empty
(universal set). M is a V'S on E is of the form:
M = {(m, 73 (m), Iy (m), Fyy(m))|m € E},
where Ty, (m), Jy,(m), Fy,(m) € [0,1],
0 < Ty(m) + Iy (m) + Fyy(m) < 2,

for all m in E. T3;(m) is membership, 75, (m)
indeterminacy and Fy(m) non-membership
functions where Ty, (m) andF,,(m) are dependent
components and Jy(m) 1is an independent
component.

Definition 2.2 (Smarandache, 2005)
If M = {(p, Tu(®), Iu(®), Fu(@))Ip € E} and

N = {{p, Ty (p), In(p), Fy(®))|p € E} are any two
N'Ss of E then

a. M C N iff T,,(p) < Ty(p); Iulp) <
In(p);and Fy (p) = Fy(p), VP EE

b. M =N iff 7,(p) = Ty(p); Iu(p) =
In(p);and Fy (p) = Fy(p) ., VD EE

D, Tuon (@),
C. M n N = jMﬂN(p)' |p (S E
Fuon(®)

where,
i Tyav(®@) = min{Ty (), Ty ()}
ii.  Iyan(@) = min{Iy (), Iy()}
iii.  Fyan(@) = max{Fy(p), Fy @)}

2 Tuun (@),
d MUN = Tyon®), |Ip €E
Fuun (@)
where,

i Tuun(®) = max{Ty (), Ty (p)}
ii.  Iyun(p) = max{Iy ), Iy ()}
iii.  Fuon®@) = min{Fy @), Fx(®)}

Definition 2.3 (Smarandache, 2005)
Let M = {{p,Tu(®), Inu(®), Fu(®))Ip € E}
be the V'S on E, then the complement of the set M
(R(M) clearly), maybe described as
p' TM (p):
C,))RM) = {< > € E}
(CORMD =0y 3, @), 7 (p)! P
(G) RM) = {{p, Fu (), Tu(p) + Fu(p))
— In(P), Tu(@P))lp € E}

(C) R(M) = {<1 - gn;l(p_).:lrM—(lgz‘w(pﬁ Iv € E}

Proposition 2.4 (Smarandache, 2005).

IFM = {{p, Tu (), In (P), Fu(P))|p € E} and
N = {(xlTN(x)le(x)’TN(x))lx S E}
are any two V'S's of E then the proceedings are true

a) R(M N N) = R(M) UR(N)
b) R(M UN) = R(M) N R(N)

Definition 2.5 (Salama and Alblowi, 2012)
Let{M;:i € n} is defined as a family of

arbitrary set of 'S in E. Then

D, ATy, (@),
A Iu, (P,
vV Fu,(p)

oV Ty, (p),
Vv Iy, (@),
AFu,(p)

1. nM; = ‘pEE

2. UM; = 'pEE

Definition 2.6 (Salama and Alblowi, 2012)
Let M and N are V'Ss in E, then M|N may be
described as

p, Tu(®) A Fy(p),
Tn®)In (),
Fu vV Iy(p)

M|N = pEE.

Definition 2.7 (Salama and Alblowi, 2012)
The NS,0g5and 1g in E are described as
follows:
0g described as:
(01)5 = {(p; 0'0;1>:p € E}
(02)5 = {<p: 011:1):p € E}
(03)5 = {<p: 011:0):p € E}
(04)5 = {<p! 0'0:0): p € E}
15 described as:
(11)5 = {(pl 1)010>:p € E}
(12)5 = {(pl 1;011): p S E}
(13)5 = {<p! 1:1:0)517 € E}
(14)5 = {<p! 1:1:1)517 € E}
where 1 and 0 indicates the maps of constant
sending for element of E to 1 and 0 respectively.

Proposition 2.8 (Salama and Alblowi, 2012)
For any VS M the proceeding are satisfied
a) 05 €S M,05 S 0
b) M c 1,15 S 1

Definition 2.9 (Smarandache, 2005).

Let @, 8 and ¥ be three real numbers in [0,1]
obtaining the inequality @ + § + 7 < 3. Then the
triplet (a, B,y) is called a neutrosophic triplet. Let
(@1, Br,71) and (&, B, 72) be two neutrosophic
triplet. Then define

i (&1,51,)71) < (@:Bz:fz) ea<a, ph<h
andy; =7,

ii. (_‘71:[31' 771) = <672:ﬁ’2:]72) S a =a, pi=
B2 andy; =7,
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iii. If {{@&,Bu7:);i€n} is a family of
neutrosophic triplets, then (@, §;,7:) = (v @;,v
BuV v:) and (@;, B;, 7:) = (A @A B i)

iv. The complement of (@,f,7)is defined by

(@p7)=(r.1-5a)

1* = (1,1,0) and 0* = (0,0,1)

V.

Definition 2.10 (Salama et al., 2014)

A Neutrosophic Topology in Sostak’s sense
(clearly, S-IV'S) on a set which is not empty set X
and € is a NS defined with &(M) =
(T.(M),7.(M),F.(M)) on Xsatisfying the
following axioms:

i. &(0g)=1"ande(1l5) =1"
ii. e(M;NnM,)=e(M;)Ae(M,) for any sets
M, M, € NS(X).
iii.  e(UM,) Zié\n (e(My)) for {M;ien}c

NS (X%).
The collection (%, €) is said to be an S-N'S.
For any M € V'§ (%), the number T.(M) is known
to be the truth-membership function of M, 3.(M) is
called the indeterminacy-membership function
and F,(M) is called the falsity-membership
function of M.

Definition 2.11 (Smarandache, 2005).
Consider X be a non-empty set and € C
NTS. Then (t,¢) is said to be a Neutrosophic
Topological Space (NT'S) in the sense of change if
it satisfies the below axioms:
i. Og,15€¢
ii. forany M;, M, € g, implies M; N P, € ¢.
iii. for any {My|6 € 7} implies Uge; My € €.

Temporal Neutrosophic Set

Definition 3.1

Consider U be a universe and ' be a non-
empty set. Then the elements of T" “time periods”.
Based on the definition of N'S, a TNV'S is described
as the corresponding:

X, TM(xv C)v
‘7M(x' C)'
TM(?C, C)

M(T) = AXT

where
i. M < Uis a fixed set.
i, Ty(x,¢) +Iy(x,¢) + Fylx,¢) <3 for
every (x,¢) EUXT
Tu(x,6),Iy(x,¢) and Fy(x,¢)are truth,
indeterminacy and falsity membership function
respectively, of the element x € U at the time
period¢ € T.

Example 3.2
LetU ={a,b,c},ceT
Attime¢ =10
(d,(0.9,0.6,0.3)),
A(0) = (b,(0.8,0.8,0.3)), ||a,b,e eUXT
(¢, (0.7,0.8,0.5))
Attime¢ =10
(d, (0.5,0.7,0.8)),
B(0) = (b, (0.3,0.7,0.9)), | |1a,b,e e UX T
(¢,(0.2,0.8,0.8))
(d@,(0.9,0.7,0.3)),
A(0)UB(0) = (b,(0.8,0.8,0.3)), |4, b,¢
(¢,(0.7,0.8,0.5))
EUXT
(d, (0.5,0.6,0.8)),
A(0)nB(0) = (b,(0.3,0.7,0.9)), |d,b,¢&
(¢,(0.2,0.8,0.8))
EUXT
Attime¢ =1

(@,(0.5,0.6,0.8)),
AQ) = (5,(0.2,0.8,0.7)), ||1a, b, e Ux T
(¢,(0.3,0.7,0.9))

(@, (0.5,0.6,0.8)),

A0) nA(1) = | (b,(0.2,0.8,0.7)), |a,b, ¢
(¢,(0.3,0.7,0.9))
EUXT
(@, (0.9,0.6,0.3)),
A0)UAQ) = (b,(0.8,0.8,0.3)), | 14, b, ¢

(¢,(0.7,0.8,0.5))
EUXT
where (O0U 1) € T, that is time is 0 to 1

Definition 3.3
Assume that

x, TM(x' C);
:]M(x: C):
:FM(xf g)

MT") = (x,¢) EXXT'

and

x, :TN(x' C);
:]N(xf g):
TN(x: g)

N@T") = (#,¢) EXXT"

where T'and 7" have finite number of distinct
time-elements or they are time intervals. Then,
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MT)NNT")
( x,min(TM(x,q),fN(x,c)), ‘

= i min (ﬁM(x' C)' ﬁN(x' C)) ’ f : (x' C)
max (fM (x,¢), Fy(x, C))
EXX(T'UT")
MTYUN@T'")
( x, max (TM(xx. ©), Tn(x, C)) )
= i max (iM(x, ), Ty (x, C))r
min (fM (x,¢), Fy(x, C))
3\
eaex(rr'urr”)!
|
J

Subsets of TN'S is described as:

| M@ ENT) & Tyne) < Tuxo),
In(x,¢) <Iy(x,¢) and Fy(x,¢) = Fy(x,¢) for
every(x,¢) EXX (T'UT")

) :(x,6)

where
T (,6) ={ o) 1lff ;:Jg:—ﬂ"
g 15
s - 0 T
Pt <[0T 5T
- [59 1TET

It is clear to observe that T, (x, ¢) = Ty, (%, ),
TM(?C,C) = TM(x'C)' fFN(xvC) = :FN(xvC) when
T'=T".

Let 1 be the set which is arbitrary. Then T’ =
Uien J; where T; is a time frame allocated to each
i € n. Then, the union and intersection of TN'Ss
family

% Tu,(%,6),
F= {Mi(ﬂ"i) = < Iy, (2,6, ):(x,g) EXXT,i€ 77} as:
TMi(x! 9‘)

X, leleanx (fmi(xr §)) ,
max (§Mi (=, c)) )

min (Fu o)

UM(TL')= () EXXT

ien

L&)

! /x min (Tiy,(.0)) \
=1

T{lelnn (ﬁMi(x, g)), |1 (x,0) EXXT

\ max (Fu,(x,6)) ))

where
T (2,6) = M :
mi (%) {0 if ceT—T
M ¢ = 0.5 if ceT—T
Fo (x,¢) =4 Mi )
(% 6) {1 if ceT -7

The previously mentioned operations are
defined over all of the time period.

The definition that follows will define these
operations for a individual time period.

Definition 3.4
Let
%, TM(x' C)'
M(T") = Iulx¢), |:(x,¢) €XxT’
TM(?C, C)
X, TN(xt c);
N@T") =< In(x), |:(x,¢)exXxxT"
TN(JC, C)

where 7' and 7" have finite number of distinct
time-elements or they are time intervals. The
definitions of instant union and instant intersection
of TIV'S's are listed below:
M(T') g, N(T")

X, min (TM(x' o), Tn(x, Co)),

= min (§M(x, co)jN(x, co)), (%, 60)
max (fM (#,60), Fn(, Co))
EXXT'UT")
M@T") U, N(T")
X, max (fm(x: G'o):fN (x, G'o))r
= max (jM(xr Co)jN(xr G'o)): 2 (x,60)

min (fM (%,60), fN (x, Q'o))
EXXT'UT

Also, from subset definitions in V'S theory,
instant subsets of T/V'S described as:
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M(T")

C, N & Ty(x,

¢0) < Th(x,6p),

7M(’C’ o) < 7N(’C; S0)s ?M(x: So) = ?N(x' ¢o) for
every (x,65) EXX (T'UT") where

T (260 = {TM(’“ R A
o= £ 57
N T e
N
P 60) = {; 550 A
Futes) = {0 0T

Consider 17 be a set of arbitrary index. Then we
define that T = U;e, J; where T; is a time set for
each i €n. Then, the union and intersection of
TNSs collection

X, TMi(x' CO)'
Foo = AMi(T) = | Tn(#,60), |:(x,60) € X %
TMl-(x, So)
T,i€n

( x, max TMi(xi CO)) ’
ien

U?o M) = { ax (§M.(x, Cg)), &:(x,q )
ien
r{leg;l( (z, co))
EXXT

X, mln fMi (x' CO)) ]
ien
min (7Mi(x, co)),

max (Fur, (. 60))

So
ﬂienM(Ti) -

EXXT
where .
T, (%, 60) = {ZMi(x, So), 11t1; gg‘z 2? _Ti
T, (2, 89) = {Z)MSL(' So)s 11; ggz Z‘f]]}_ :
Fuy (£, 60) = {fmi(x, S0 i ZZ 2 ? _Ti

these TNN'S operators can be seen as NS
operators over TV'Ss. Since TN'S are specified for
a single time period.

Definition 3.5
05 and 15 € TNV SET) are defined as:

0*¢ = {(x,0,0,1): (x,¢) € XX T}and

175 ={(x,1,1,0): (x,¢) € X x T}
for every instance of time ¢, that is

%g(x, ¢) =0, Jog(x,fl") =0, Tog(x, ¢) =1,
Tsx6) =1, Je(x,6) =1, Fs(x,¢) =0 for
each (x,¢) e X X T.

Definition 3.6
05° and 15° € TNV S@T) are defined as:

( x,Tgo(X,C)' )
0*§o — 70§0 (x! C)! H (xl C) EXXT
TOCO (x’ g)
S
( x,Tgo(x,C)‘ )
1P =S T, |:(xe)exx T}
k :Fl?'so(xl g) }

for individual time period ¢4 € T, i.e.
%go (x,60) =0, 70§0 (x,60) =0,

:Fog_o(x' CO) =1

and
Tl%o(x; o) =1, 7120(95: o) =1,

fFlcso (x,60) = 0 for each (x,¢) € X X {¢o}.

Temporal Neutrosophic Topology in Sostak’s
sense (ST-TN'S)

Here we have defined the Temporal
Neutrosophlc Topology in Sostak's sense. In this
Sostak's approach, grades are assigned to open sets.
When incorporating time moments, assigning
grades to open sets provides greater clarity in
addressing uncertainty in real world problem.

r:(%,60) Definition 3.7

Temporal Neutrosophic Topology in Sostak’s
sense (briefly, ST-TN'S) on a non-empty set T is
a temporal neutrosophic set, . defined with

o) = (72, (M), 9., (0, 7., (1)
satisfying the axioms listed below for every time
moment ¢

on T

i &(0%) =1"and e (1*5) = 1*
ii.  e.(MyNM;)=e(M)Ae(My) for any
sets My, M, € NS(T).
il eg(UM) 2 A (EC(ML-)) for {M;i€n}c
TNS(T).
the pair (7, &) refers to a ST-TN'S. For any
M € ST-TNS T and the number T (M) is truth,
Je (M) is indeterminacy and Fe, (M) is falsity
membership functions of M.
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PrOPOSitiOn 3.8 f(? )(u ) _ {f(TM)(u! C): lf C € T,
Consider that (T,sg) beaST—TNS on T M)\ 6) = 0, if ceT" =7’
and T be a set a time-moment. Then (T, A ec) by FTu) ) = {f )W, 6), ¥f CE T," |
expresed _ 0, if ¢eT" =T
f(TM)(u! C) )
min 7, (M), _ {1 C =T, if ceT
; 0 if ceT" -7
= J. (M), ’ ) .
Aeg(M) = e SC( ) If 7" — 7', It is obvious that
maxTe (M) £ = {(t, Tv(F (0,9, In(F(©),6), Fu(f(©), c))}

is a neutrosophic topology on TN'ST7) in
Sostak’s sense.

Definition 3.9

Consider that (T,&;) be a ST —TNS and
M € TNSTT) Then Establish the precise interior
and closure of M at any given time ¢, based on &,
correspondingly as:
Cloo(M) =n {§ e TNS(T); &,(§) > 05, M S &}
into(M) =u {€ e TNS(T); &,(&) > 05,6 € M}
As contracted to that, (o, T,v)-instant closure and
(0, T, v)-instant interior of M are described by:

i ~ e TNS(T);
Clga,r,v)(M) =N {géo(f) > (o,7,V),M € f}
. ~ £ e Ts(T);
int(g ey (M) =U {g;fo &) >(o,,v),¢ < M}

where
c€01,7€[01],vE0,1)witho+T+v <3.

Definition 3.10
Assume that (T, &) and (T, m,) be ST-TN'Ss
for non-empty sets T, U and time sets 7’ and T".
Let f: T — U be a function. Then,
i. The preimage of N € TNST@T") under f at
time period ¢ is described as

u, f(fM) (u, C);

i) = f(iM)(u, o), |ue 7
f(?M)(u, 9]
Where |
o= 00 £
0.9 = {0 S g
Fn(f(0),¢) = {LN(f(t),c), 11; Z E ?,_ ,

ii. The image of M € TNs@7) under f at time
period ¢ is described as

U,f(Twu)(05)
f(jM)(U, Q'),
f(?M)(U' §)

tuel

fHm) =

where

teT
FM) = {(u,f(TM)(u, c),f(ﬂME)(g, O, f(Fm)w, c))}
u

Let (T,&;) and (U, m;) ST-TN'Ss for a non-
empty set T, U and time span 7.

If £.(f"*(N)) = m (N) for ¢ €T and each
N eTNSTD, f is said to be Temporal
Neutrosophic Continuous (TNCont) function at
time period ¢.

If f is TNCont function at each time period, f
is known as overall NCont function.

Instead of, if nc(f(M)) >¢e(N) forgeT

and each M € TN ST ’), f is said to be temporal
neutrosophic function which is open at the moment
of time ¢.

If f is neutrosophic open function which is
temporal at each time period, f is said to be
neutrosophic and overall open function.

Temporal Neutrosophic Topology in Chang’s
sense (CT-TN'S)

Definition 3.11
A CT-TN'S on a non-empty set T is a family
&, of TJFSs meeting the following axioms for

fixed time period ¢,
i. 05° €, and 1% € g,

ii. For each M, M, € ¢,,3 F € &, such that
TT(?C, CO) = TMlnCOMz (t, gO)a jT(t' CO) =
7M1n§0M2 (t, 50) and Fr(t, go) =
TMmCOMZ(t' ¢o) for each (t,¢60) € T X {go}

iii. For any family {M;;i € I} € g, liesa G €
&, such as
TG (tl CO) = Tufgan (t, CO)a
gG (t! CO) = gUfEO‘r] Mi(tl CO) and TG (t! CO) =

fi h
fFUichl Mi(t, ¢o) foreac

(t,¢o) € T x {0}

The pair ((T',T), ECO) is said to be CT-TN'S.
A member of & is called Temporal Neutrosophic

Open Set (TNVOS). The member of a complement
&, is a Temporal Neutrosophic Closed Set

(TNES).
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Proposition 3.12
Let a non-empty set T and consider &, 1s an
T-TNS and time period set T, Then introduce
N'S's from each M € e, TN Ss by following way:
Tu(6) = Ty, (t,60), Iu(t) =Ty, (t,6o) and
Fa () = Fu, (6 60)-
So that the new family g50 = {M M € SCO} obtained
from ., is an neutrosophic topology in Chang's
sense.

Note:

In the topology the constant function
described by chang’s are noted as continuous,
according to Lowen (Lowen, 1976). As a result,
Lowen amended Chang’s definition first axiom to
address this flaw. These two definitions are treated
equally in the literature.

Temporal Neutrosophic Topology in
Lowen’s sense (LT-TN'S)

Definition 3.13

A TNT by Lowen’s (briefly, LT-TN'S) on
a which is a nonempty set T belongs to a family &
of TNS's considering these assumptions below for

permenant time instant ¢,
i.  Fora N -pair (o,1,0), let define TN'Ss

M= (t' TM(t' C)'jM(t' C)'?M(t' C) (t' C)
eTxT)
such that T3,(t,¢o) = g, Iyu(t,¢o) =7, and

Fu(t,60) =0,V (t,60) € T X {50}
ii.  Forevery My, M, € &, there exist a F €

&, such that

iii.  Jx(t, o) = TMyn¢oM; (t.60), Ir(t,6o) =
InyngoM; (t, 60) and Fr(t, 6o) =
Fmyngms (t,50) V (x,60) € T x {g}.

iv. Any {M;i€l}€ey, here G € &, such
that 75 (¢, ¢o) = TUgg,,Mi(t’ S0), Ie(t, 6o) =
jUfg,, w, (&S0) Fe(t, to) =

Feo b (t60) V (£, 60) € T X {go}.
Uten l

((T, T), SCO) is given to be TNT'S in Lowen’s

s€nse.

and

Definition 3.14
A not empty set T and consider g is
an 7/TS by Chang’ and time period set T and M €
&g,- Temporal neutrosophic interior and temporal
neutrosophic closure of M defined as follows:
int,,(M) =U {41 €¢,,A S M}
Cl,, (A =n{c;C e, AcC}

Definition 3.15
A not empty set T and consider &, be
aTNTS according to Chang’s and time period set.
i. MisaTNCSing,, & Cl,,(M)=M
ii. MisaTNOS ine, & int, (M) =M

iii. ClcO(IV{)zintco(M) for any M€
TNSTT

iv. intgo(l\_/l)zClco(M) for any ME€
TNSTT)

v. int, (M) € M forany M € TNSTD
vi. M < Cl, (M) forany M € TN ST
vi.h. MEN= intcg(M) € int,,(N) for any

M,N € TN ST
viii. MS N = CZCQ(M) c Cl,, (N) for any
M,N € TNSTD
ix. Clg, (ClcO (M)) = Cl;, (M) for any
MeTNSTT
X. intg (intcO(M)) = int. (M)
forany M € TN ST
xi. int, (M N N) = int., (M) N int (N)
forany M,N € TNSTD
xii. Cle,(M UN) = Cl, (M) U Cl, (N)
forany M,N € TNSTD
xiil. int (15°) = 15°
xiv. Clg, (05°) = 05°

Definition 3.16
Let ((T,T’),sqo) and ((ﬁ,T"),nCO) be two
CT-TN'Ss and consider the function f:T — U.

Then f is known to be a TNCont at time period ¢,
if and the temporal preimage of all TV'S in m,, is

anTNS in g, .

Definition 3.17
Let ((T‘,T’),e%) and ((U,T”),n%) be two CT -
TN'Ss and consider the function f:T — U. Then f

be a temporal neutrosophic open at time period ¢,
iff the temporal image of each TNV'S in g is an

TNSinm,.

Proposition 3.18

f:((T,77),e5,) » ((T,77),mg, ) is TNCont
iff the temporal preimage of every TNCS in 7, is
anTNCS in g, .

Proposition 3.19
The proceeding equations are comparable to
one another
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f: ((T‘,T’), 5(0) - ((17,57"”), "cO) is
TNCont,
ft(int,,(N)) € int., f~* (N) for each
N e Tne@T")

i, Cl, (f2(N)) € f? (ClCO (N)) for each
N e Tne@T")

Proposition 3.20
Lete, isaTNTS in Chang's sense set of non-

empty T and time period set and (crgo, TCO,UCO) isa

N eutrosophic-pair. Then, the NF &

which is described as follows:
gCO(JCO'TCO'”C())(M)

{060/ Tg0V5o)

((O-CO'TCO’UC0> if Me 8(0 - {Oc' O.SC" 1§}
(1,1,0) if M e {0505 15}
(0,0,1) if  Méeg,—{0§ 05,15}

is in ST-TN'S is said to be a <O’§0,T§0,U§0>—
ST-TNS.

On the other hand, Let & is an ST-TN'S on
a set non-empty T and time period set and
<O'CO, Teor U%) is a V'-pair.

Then, the family of
850<”<0’T<0’v<0) which is defined as
Me s§0<”<0'7<0'”<0> e (M) 2 (UCO,T,;O,U%) is
a TNT in Sostak's sense.

TNSs

Definition 3.21
An Overall Neutrosophic Topology by
Chang's (briey, OCT-TIN'S) on a set of non-empty
T is a family g, of TIV'S's giving the axioms for each
time period ¢.
i. 05€e and1§€eg
ii. Foreach My, M, € ¢, there exist a F € &,
such  that  Tx(x,¢) = Ty, am, (2, 6),
I7(t,6) = Tuyam, (6, 6)  and  Fr(t,¢) =
Fuyom, (&,6) forall (¢,6) €T X T

iii.  Consider some arbitrary pair
{M;i€l}€e,qG E g such that
To(t,6) = Ty, my (E,6),

Je(t,¢) = 7uiE,Ml-(x, ¢) and
Fe(t,6) = Fyum, (£,6) for each
(ts) eTXT.

Theorem 3.22
Consider, €. be an overall NT'§ by Chang’s

sense on set which is not empty T and finite time
period set I'. A family of TIV'S's € which defined as:

M= {6, T, T, Y, Fult.0)))
Ec¢

isaCT-TNS onTNS.

Proof:
It is important to demonstrate that the criteria
specified in the theorem are true to a CT — TN'S)
i. Since 0 €e, for each ¢, €T,
cO/é 05°(t,¢) =0 and V 05°(t,¢) =1

then n. 05° = 05. Then 1t is understood
So€

that 05 € &.
Similarlly to prove: 0§ € &.
Since 05 € ¢, foreach¢ € T, A 05(t,¢) =0
4
S - S — oS -
and C\E/T 0¢(t,¢) = 1 then CQT 0¢ = 0. Then it

is understood that Og € &.

Let
P

M€,
LA Tu; (&, ),

{ AN I, (£,6),

{ o Fu;t,6) )

and

M;

I

MJEEC

([t A Tu;(E 6N\
=i gvM,(t 0, }
m; (£, 6)

Then
M i€&¢ Mjegc

t,< Tu, (. c)) ( A T, (¢, c)>
CET
( w, (£, c)> ( A Tw (@, c)>,

(M o) (70 e0)
6 A (700 AT c))>

A
M;n

cT

< (C (30,66 A T c)))

v, (P69 v Fu c))) J

CET
= ncET Mi N M]
Since & is OCT-TN'S. It is understood that
A

A
Mi n M] € &.
iii.  Let
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A
M, = ML-
Mi€e,
t, V Tu, (&, 6),
V le(t 9}
/\ Fu,; (£,6)
/\
MjESq
t, v TM].(t, <),
= ET M](t C) >.
k g‘é\TTMl(t’g)
Then
A A

Mi€eg Mi€eg

t' (C\E/T TMl-(t' C)> \ <§\E/T TM]- (t' C)) )
= 4 <g‘e’f T, (&, c)) v (C\E/T Tu, () c)>,

L (Cé\T TMi(t! C)> A <g‘é\T TMj(t' C)>
t' ((;\E/T (TMi(t' C) \ TMj(t' C))) ]

= (g\E/T <7Ml. (t.9) vV Iu,(t, C))):

(gé\ff (TMi(t, ) AFy (¢, c)))

= UCETMi N M]
Since & is OCT-TN'S.

~~

A A
It is understood that M; U M; € .

Conclusions

This work introduces the concept of Temporal
Neutrosophic Sets and examines their properties. It
further develops the notion of Temporal
Neutrosophic Topology in the sense of Chang,
Lowen, and Sostak, and outlines some fundamental
properties and descriptions of these topological
structures.

The future research directions based on this

study are outlined as follows:

e Exploring lower and higher separation
axioms, convergence properties, and
compactness to enhance research in
functional analysis and topology-driven
solutions.

e Also, extend this concept to Pythagorean,
Spherical, and Fermatean neutrosophic sets
to create a more general framework.
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