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ABSTRACT. In this paper, connectedness in temporal intuitionistic fuzzy topol-
ogy in Chang’s sense is introduced and investigated. In the content of the
paper, basic definitions, theorems and propositions about connectedness in
temporal intuitionistic fuzzy topology in Chang’s sense are given.

1. INTRODUCTION

Fuzzy logic was firstly defined by Zadeh in 1965 [21]. Then,Intuitionistic fuzzy
set (shortly IFS) was defined by K.Atanassov [1, 2]. Intuitionistic fuzzy logic comes
into play in situations where fuzzy logic cannot respond or is insufficient. The in-
tuitionistic fuzzy set theory is useful in various application areas such as; medicine,
medical diagnosis, medical application, career determination, real life situations,
education, decision making, multi criteria decision making, artificial intellligence,
networking, computer,smart systems, economy and various fields. The concept of
fuzzy topology was defined by Chang in 1968 [4]. Coker generalized the concept of
fuzzy topology in the sense of intuitionistic fuzzy set theory in 1997. The fuzzifying
of the concept of topology was made by Sostak in 1985 [19]. Coker and Demirci [6]
defined the concept of intuitionistic fuzzy set in Sostak’s sense in 1996. Temporal
intuitionistic fuzzy set, another approach in which temporal variables also partici-
pated in calculating the membership and non-membership degrees, was defined by
Atanassov in 1991 [3]. This is one of the most important extensions of IFS. In recent
years, Sostak’s mean temporal intuitionistic fuzzy topology was defined by Kutlu
and Bilgin [9]. Also, the other fundamental concepts of Sostak’s mean temporal
intuitionistic fuzzy topology defined by the author in [10, 9, 11]. The concepts of
temporal and overall intuitionistic fuzzy topology in Chang’s sense firstly defined
by Kutlu in 2019 [13]. In this study, Kutlu gave basic definitions and theorems and
explained them in detail. The concept of temporal intuitionistic fuzzy has recently
started to attract the attention of researchers [13, 12, 14]. The concept of connect-
edness in intuitionistic fuzzy topological spaces in Sostak’s sense is investigated by
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El-Latif and Khalaf [7]. Connectedness in intuitionistic fuzzy special topological
spaces is researched by Ozcag and Coker [17]. Connectedness in intuitionistic fuzzy
topological spaces is investigated by Kim and Abbas [8]. In this paper, connected-
ness in temporal intuitionistic fuzzy topology in Chang’s sense is introduced and
investigated. Basic definition, theorem and propositions about connectedness in
temporal intuitionistic fuzzy topology in Chang’s sense are given.

2. PRELIMINARIES

Definition 2.1. [1] An intuitionistic fuzzy set in a non-empty set X given by a set
of ordered triples A = {(x, ua (x),na (x)): x € X} where pa () : X — I,na (z) :
X — I and I = [0,1], are functions such that 0 < p(z) + n(z) < lfor all xz € X.
For x € X, pa(z) and n4 (x) represent the degree of membership and degree of
non-membership of z to A respectively. For each € X; intuitionistic fuzzy index
of z in A can be defined as follows 74 () =1 — pa () —na (z). w4 is the called
degree of hesitation or indeterminacy.
By IFS (X), we denote to the set of all intuitionistic fuzzy sets.

Definition 2.2. [1] LetA, B € IFS(X). Then,
(i) ACBopua(x) <pp(x) and n4 (z) > np (z)forVe € X,
(i) A= B<AC Band BC A,
(i) A° = {(z, 74 () ,pa (2)) @€ X},
(iV) nAZ = {(SL‘, ApA; (x)7\/7714¢ (:L‘)) RS X}7
(V UAZ = {(xv Via, (37) » AT A; (‘:K)) ‘T e X}a
(vi) 0 ={(2,0,1): z€ X} and 1 = {(x,1,0): z € X}.

Definition 2.3. [5, 1] Let a and b be two real numbers in [0, 1] satisfying the
inequalitya + b < 1. Then, the pair (a,b) is called an intuitionistic fuzzy pair. Let
(a1,b1) and (as, ba)be two intuitionistic fuzzy pair (briefly IF-pair). Then define
(i) <a1, b1>§<a2, b2><:>a1§a2 and b; > bg,
(11) <a1, b1>:(a2, bz>(:>a1:a2 and by = bg,
(iil) If {{a;, b;) ;i € J} is a family of intuitionistic fuzzy pairs, then
\Y (ai, bl> = <\/CL1‘, /\bz> and A (ai, bl> = </\CLZ‘, \/bz>,
(iv) The complement of (a, b)is defined by (a,b) = (b, a),
(v) 17 =(1,0) and 0~ = (0, 1). .

Definition 2.4. [6] An intuitionistic fuzzy topology in Chang’s sense (briefly, CT-
IFS) on a non-empty set X is a family 7, of TIFSs satisfying the following axioms:

LOetand1er,

II. Ay N Ay € 7 for each Ay, Ay €T,

ITI. Y A; € 7 For any arbitrary family {A;; i € I} € T,

il

Definition 2.5. [3]. Let E be an universe and T be a non-empty time-moment
set. We call the elements of T" “time moments”. Based on the definition of IFS,
a temporal intuitionistic fuzzy set (breifly TIFS) A is defined as the following:
AT) = {(z,pa(z,t), na(x,t)): (z,t) € E x T} where:

(a) AC Eis a fixed set

(b) pa (z,t) + na (x,t) <1 for every (z,t) € EXT

(¢) pa(x,t) and na (z,t) are the degrees of membership and non-membership,
respectively, of the element z € E at the time moment ¢t € T
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By TIFS®T) we denote to the set of all TIFSs over nonempty set X and time-
moment set T. For brevity, we write A instead ofA (T). The hesitation degree of
a TIFS is defined asma (z,t) =1 — pa (v,t) — na (x,t). Obviously, every ordinary
IFS can be regarded as TIFS for which T is a singleton set. All operations and
operators on IFS can be defined for TIFSs.

Definition 2.6. [13] Let A(T") = {(x, ua (x,t), na (z,t)) : (z,t) € X xT'}
and B(T") = {(z,pp (x,t), np (z,t)) : (z,t) € X x T"} whereT"and T"have
finite number of distinct time-elements or they are time intervals. Then,

A(TYAB(T") = {(w, min (fia (2.1), fip (2,1)), max (fa (2,8), 75 (,1)) : (2,8) € X x (T' UT"))
A(T)UB(T") = {(w, max (fia (2,1) , fis (2,1)) , min (74 (2,), 75 (,1)) : (@,8) € X x (T' UT"))
Also from definition of subset in IFS theory, Subsets of TTFS can be defined as the

follow: A(T") C B(T") & fia(z,t) < g (z,t) and 74 (z,t) > g (z,t) for every
(x,t) € X x (T"UT") where

S A A

0, ifteT’ -1’
e ={ 47" e o
R B eV
nB(%t):{ ?f(x’t)’ z;zgg:_T,

It is obviously seen that fia (z,t) = pa (2,t), gp (x,t) = pp (z,t), 74 (x,t) =
na (x,t), 1 (x,t) = np (x,t) when TV = T".
Let Jbe an arbitrary index set. Then we define that T = |J T;where T; is a time
i€
set for each ¢ € J. Thus, we can extend the definition of 161nion and intersection
of TIFSs family F' = {A; (T;) = (z, pa, (x,t), na, (x,8)): € X xT;,i € J} as
follows:

A = { (2 mox (. (2.0) min (0, 005 (0.0) € X <)

; ieJ ieJ
ieJ

A = { (i min (ra, (0.0 max (i, (05 (2.0) € X xT)
it 1€ 1€
where
_ S pa, (x,t), ifteT;
“Af(x’t){ 0, ifteT—1T;
and
_ | na, (z,t), ifteT;
”AJ‘@”’“_{ L, iftel -
The operations defined above are defined over all of the time moments. In the
following definition, these operations will be defined for an individual time moment.
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Definition 2.7. [13] Let
AT ={(x,pa (z,t), na(x,t)): (z,t) € X x T}

B(T") = {(z,pp (x,t), np (x,t)) : (z,t) € X xT"}

where T” and T"have finite number of distinct time-elements or they are time
intervals. Then, the definitions of instant intersection and instant union of TIFSs
are defined as follows:

A(T) N, B(T") = {(x, min (fia (2,t0), fi5 (,t0)), max (7la (,t0) , 75 (2, 10)) -
(z, ) €X x(T"uT")},

{( max (ﬂA (xvto) » BB ({E,to)) ; min (7714 (:L’,to) » 1B (.’E,to)) :
(z, to) eX x(T"UT”) }.
Also from definition of subset in IFS theory, instant subsets of TIFS can be de-
fined as the following: A(T") C; B (T") & fia (z,t0) < i (z,t0) and 74 (z,t) >
g (x,t) for every (z,t9) € X x (T"UT") where

A(T") Ui, B (T")

P _ 27\ (x,to) s Zf o € T
““%m_{m iftoe T T
_ _ 1B (:L‘,to), iftoeT”
”““m_{m iftoe T —T"
_ _ f na(z,to), iftoeT’
”“%W_{L iftoeT" —T'
i _ [ s (zto), iftoeT”
”“%M_{L iftoeT" — T’
[13] Let J be an arbitrary index set. Then we define that 7' = |J T;where T; is a

i€J
time set for each ¢ € J. Thus, we can extend the definition of union and intersection
of TIFSs family Fy, = {A4; (T3) = (x, pa, (x,t0), na, (x,t0)) : (z,t0) € X x T}, i € J}
as follows:

U AT = {(x max (fia, (z,to)), InlIl (77A (z,t0)) : (z,t0) € X x T>

ieJ
ﬂ D A(T) = {(m min (fia, (x,t0)), max (74, (z,%0)) : (x,t0) € X x T)
icJ et e/
where
] o)y ifto €T
KA (xat(J){ 0, iftoET—Tj
_ o NA; (l}to), ifto S Tj
“N%m{l, iftoeT—T;

In fact, these TIFS operators can be seen as IF'S operators over TIFSs, since they
are defined for a single time moment.

Definition 2.8. [13] 0! and 1€ TIFSXT) are defined as:

0' = {(z,0,1): (x,t) € X x T}

and i
1" ={(2,1,0): (x,t) € X x T}
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for each time moment t, i.e. poe (z,t) = 0, 1ot (z,t) = 1 and pye (z,t) = 1,
N1t (x,t) = 0 for each (z,t) € X x T .

Definition 2.9. 0% and 1% € TIFS™T) are defined as:

0 = {(m,uoto (z,t) ,m0t0 (x,t)) 2 (x,t) € X % T}
and i i i

lt" = {(m,,uito (z,t) 10 (Jc,t)) s (m,t) € X x T}
for individual time moment tq € T, ie. pqt (z,tg) = 0, not (x,t9) = 1 and
fi1to (z,t0) =1, M1t (z,t9) = 0 for each (x,to)NG X x {to} . )

3. MAIN RESULTS

Definition 3.1. [13] An temporal intuitionistic fuzzy topology in Chang’s sense
(briefly, CT-TIFS) on a non-empty set X is a family 7, of TIFSs satisfying the
following axioms for fixed time moment tg

I. Oto S Tto and lto € Tto s

II. For each A1, Az € 7, there exist a I € 74, such that pp (z,t0) = p1a,0,, 4, (¥, %0),
nr (x,t0) = Nayn,, 4s (2, t0) for each (z,%9) € X x {to} .

III. For any arbitrary family {A4;; i € I} € 7, there exist a D € 7, such that
mo (,t0) = (o, (¥,t0) and np (z,t0) = N w4, (7,t0) for each (z,t) € X x

i€l i€l
{to}.

The pair ((X,T),7,) is called temporal intuitionistic fuzzy topological space
in Chang’s sense. Any member of 7, is called temporal intuitionistic fuzzy open
set (TIFOS). On the other hand, the complement of any member of 7, is called
intuitionistic fuzzy closed set (TIFCS). It is obtained intuitionistic fuzzy topological
space in Chang’s sense from every temporal intuitionistic fuzzy topological space
in Chang’s sense by the following method.

Proposition 1. [13] Let 74, is an temporal intuitionistic fuzzy topological space
in Chang’s sense on non-empty set X and time moment set 7', Then we define
IFS’s from every A € 7, TIFSs by following way: p 4 (x) = pa, (z,t0) and n; (z) =

na (z,tg). So that the new family 7t = {fl A€ Tto} obtained from 7, is a
intuitionistic fuzzy topology in Chang’s sense.

Definition 3.2. [13] Let 7, is an temporal intuitionistic fuzzy topological space in
Chang’s sense on non-empty set X and time moment set Tand A € 7;,. Then tem-
poral intuitionistic fuzzy interior and temporal intuitionistic fuzzy closure of A de-
fined as follows: inty, (4) = U{G; G € 7,, G C A}, cly, (A) =N{C;Cen,, ACC}.
Following propositions are valid for both of fuzzy and intuitionistic fuzzy case
[19, 4, 5, 6, 18, 16, 15], it can be proved as in the above-mentioned articles.

Definition 3.3. Let 7z, be a temporal intuitionistic fuzzy topological space in
Chang’s sense on non-empty set X and time moment set. Then,

i. Aisa TIFCS in 74, cly, (A) = A,

ii. Aisa TIFOS in 7 < inty, (A) = A,

iii. cly, (A) = inty, (A) for any A € TIFSXT),

iv. inty, (A) = cly, (A) for any A € TIFSXT),
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v. inty, (A) C A for any A € TIFSXT),

vi. A Ccly, (A) for any A € TIFSXT),

vii. A C B = inty, (A) C inty, (B) for any A, B € TIFSXT),
vill. A C B = cly, (A) C cly, (B) for any A, B € TIFS&XT),

ix. cly, (clyy (A)) = cly, (A) for any A € TIFS&XT),

x. inty, (inty, (A)) = ints, (A) for any A € TIFSXT),

xi. ints, (AN B) = inty, (A) Ninty, (B) for any A, B € TIFSXT),
xii. ¢y, (AU B) = cly, (A) Ucly, (B) for any A, B € TIFSX.T),

xiil. ints, 1) = 1fo,

xiv. cly, (Otf’) = 0%. We will give definitions of temporal intuitionistic fuzzy

continuous functions and open function definitions, which are defined for fuzzy and
intuitionistic fuzzy sets in [19, 4, 5, 6, 18, 16, 15], respectively.

Theorem 3.4. ((X,T),m,) is an temporal intuitionistic fuzzy topology in Chang’s
sense on mnonempty set x an time moment T and X1, X # 0, X = X Uy, X2 and
X1Ngy Xo = 0y, are subsets; the following expressions are equivalent:

(i) (X,T),m,) temporal intuitionistic fuzzy topology in Chang’s sense is the topo-
logical sum of X1 and Xo spaces.

(i) X1 and X5 sets are both temporal intuitionistic fuzzy open set (TIFOS) and
temporal intuitionistic fuzzy closed set (TIFCS) in X.

(ii) X1 (or X3) is both TIFOS and TIFCS.

(ZU) Clto (Xl) ﬂto X2 = @to and X1 ﬂto CltO(XQ) = (Z)to

Definition 3.5. Let 74, is a temporal intuitionistic fuzzy topology in Chang’s sense
on nonempty set X and time moment set tg € T and A, B € 7,. (X,T),7,) is
called to be temporal disconnected at time moment ¢q if there are sets of A and B
nonempty set with;

AUy, B X
A Mo dto (B) = @to
cly, (A) N, B = Qto

otherwise ((X,T),,) is called to be temporal connected.

Proposition 2. Let ((X,T),7,) is a temporal intuitionistic fuzzy topology in
Chang’s sense, the following expressions are equivalent:

(i) ((X,T),7t,) temporal intuitionistic fuzzy topological space is temporal discon-
nected.

(ii) ((X,T),7,) has at least both open and closed subset that is nonempty and
distinct from itself.

Proposition 3. A temporal intuitionistic fuzzy topological space ((X,T),7,) is
temporal connected at time moment ¢y if and only if it has no subset, both open
and closed, other than empty and itself.

Proof. (i)= (ii) If the temporal intuitionistic fuzzy topological space ((X,T), 7%,)
is temporal disconnected, there are sets A and B different from the empty set as
AUy, B =X, ANy, cly,(B) = 0y, and cly, (A) Ny, B = (,. Since B = (cly, (A))¢
and A = (clt,(B))°; A and B sets are open. But since A = B€¢; A is both open and
closed and A # 0y, A # X

(ii)= (i) If A € X is subset of both open and closed, which is different from the
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empty and itself, AUy, B= X and ANy, B = 0, as B = A°. Since A # X; B # (.
Since A is closed; ¢y, (A) = A and cly, (A) Ny, B = 0y,. Since A is open, B is closed
and ANy, cly, (B) = 0y, Then ((X,T), 7,) temporal intuitionistic fuzzy topological
space is temporal disconnected. [

Proposition 4. ((X,T),7:,) temporal intuitionistic fuzzy topological space in
Chang’s sense is temporal connected at time moment tg, if and only if it has no
subset, both open and closed, other than empty and itself.

Theorem 3.6. ((X,T),7,) temporal intuitionistic fuzzy topological space in Chang’s
sense, the following expressions are equivalent:

(i) (X,T),7,) temporal intuitionistic fuzzy topological space in Chang’s sense is
temporal disconnected at time moment tg.

(i) (X, T),7,) temporal intuitionistic fuzzy topological space in Chang’s sense is
the topological sum.

(iii) X is the union of two distinct open sets other than empty.

(iv) X is the union of two distinct closed sets other than empty.

(v) X has at least one subset, both open and closed that is distinct from empty and
itself.

Theorem 3.7. ((X,T),7,) temporal intuitionistic fuzzy topological space in Chang’s
sense, the following expressions are equivalent:

(i) (X,T),7,) temporal intuitionistic fuzzy topological space in Chang’s sense is
temporal connected at time moment ty.

(i) (X,T),7,) temporal intuitionistic fuzzy topological space in Chang’s sense
cannot be any topological sum.

(i4i) X cannot be written as the union of two distinct open sets other than empty.
(iv) X cannot be written as the union of two distinct closed sets other than empty.
(v) Both open and closed subsets of X are only X and the empty set.

4. CONCLUSION

In this paper, connectedness in temporal intuitionistic fuzzy topology in Chang’s
sense is introduced and investigated. Basic definition, theorem and propositions
about connectedness in temporal intuitionistic fuzzy topology in Chang’s sense are
given.
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