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¢*-CONNECTEDNESS IN INTUITIONISTIC FUZZY TOPOLOGICAL SPACES

S. SIVASANGARI, R. BALAKUMAR AND G. SARAVANAKUMAR*

ABSTRACT. In this paper the concept of types of intuitionistic fuzzy e*-connected and
intuitionistic fuzzy e*-extremally disconnected in intuitionistic fuzzy topological spaces

are introduced and studied. Here we introduce the concepts of intuitionistic fuzzy e*C’s-
connectedness, intuitionistic fuzzy e* C's-connectedness, intuitionistic fuzzy e* C'ps-connectedness,
intuitionistic fuzzy e*-strongly connectedness, intuitionistic fuzzy e*-super connected-

ness, intuitionistic fuzzy e*Cj-connectedness (¢ = 1,2, 3,4), and obtain several prop-

erties and some characterizations concerning connectedness in these spaces.

1. INTRODUCTION

Ever since the introduction of fuzzy sets by Zadeh [15]], the fuzzy concept has invaded
almost all branches of mathematics. The concept of fuzzy topological spaces was intro-
duced and developed by Chang [2]. Atanassov [1]] introduced the notion of intuitionis-
tic fuzzy sets, Coker [3] introduced the intuitionistic fuzzy topological spaces. Several
types of fuzzy connectedness in intuitionistic fuzzy topological spaces were defined by
Turnali and Coker [14]. The initiation of e*-open sets in topological spaces is due to Ekici
[5, 16, [7, 18, [9]. Sobana et.al [[12] were introduced the concept of fuzzy e*-open sets in in-
tuitionistic fuzzy topological spaces (briefly., IFTS’s). In this paper we have introduced
some types of intuitionistic fuzzy e*-connected and intuitionistic fuzzy e*-extremally dis-
connected spaces and studied their properties and characterizations.

2. PRELIMINARIES
We recall the following definition.

Definition 2.1. [I]] Let X be a nonempty fixed set and I be the closed interval in [0, 1]. An
intuitionistic fuzzy set (IFS) A is an object of the following form A = {< =, pa(x),va(z) >
;& € X'} where the mappings pa(z) : X — I and va(x) : X — I denote the degree of
membership (namely) 114 (x) and the degree of non membership (namely) v 4 (z) for each
element x € X to the set A respectively, and 0 < p4(z) + va(z) < 1foreachz € X.
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Definition 2.2. [1] Let A and B are intuitionistic fuzzy sets of the form A = {< x, pa(z),
va(z) >z € X}yand B ={< z, pp(x),vp(x) >z € X}. Then
(i) AC Bifandonly if pa(z) < pp(x) and va(x) > vp(z);

(i) A (orA°) ={<z, va(z),pa(z) >z € X}

(iii) ANB={<uz, pa(x) Nup(z),valx)Vvg(z) > x € X},

(iv) AUB ={<uz, pa(z)Vup(z),valz) Avg(z) > x € X},

W [JA={<w, pa(z), 1 —pa(z) > 2 € X}

vi) (YA={<=z, 1 —va(x), va(z) >z X}
We will use the notation A = {< z, pa, va > € X}instead of A = {< z, pa(z),
va(z) >z € X}

Definition 2.3. [4] 0 = {< z, 0, 1 >;z € X}and 1l = {< z, 1, 0 >;z € X}.
Let a, B € [0, 1] such that @ + 8 < 1. An intuitionistic fuzzy point (IF'P),q, ) i

(o, B) if x=p

intuitionistic fuzzy set defined by p(,, g)(2)= {(0 1) otherwi
, 1) otherwise

Definition 2.4. [3] An intuitionistic fuzzy topology (IFT) in Coker’s sense on a nonempty
set X is a family 7" of intuitionistic fuzzy sets in X satisfying the following axioms:
0, 1LeT;
(i) G1 NGy € T, forany Gy, Gy € T},
(iii) UG; € T for any arbitrary family {G;;i € J} CT.

In this paper by (X, T') or simply by X we will denote the intuitionistic fuzzy topo-
logical space(IFTS). Each IFS which belongs to T is called an intuitionistic fuzzy open set
(IFOS) in X . The complement A of an IFOS A in X is called an intuitionistic fuzzy closed
set (IFCS) in X.

Definition 2.5. [10] Let p(,, ) be an IFP in IFTS X. An IFS A in X is called an intu-
itionistic fuzzy neighborhood (IFN) of p(,, gy if there exists an IFOS B in X such that
P(a, ) € BC A

Let X and Y are two non-empty sets and f : (X, T) — (Y, S) be a function [3]. If
B={<y, us(y), ve(y) >;y € Y} isan IFS in Y, then the pre-image of B under f is
denoted and defined by f~1(B) = {< x, f~Yus(z)), f~'(vs(x)) >;z € X}. Since
us (), ve(z) are fuzzy sets, we explain that f 1 (up(z)) = up(z)(f(z)), f~1(va(z)) =
vi(2)( ().

Definition 2.6. [3] Let (X, T') be an IFTS and A = {< z, pa, va >;2x € X} be an IFS
in X. Then the intuitionistic fuzzy closure and intuitionistic fuzzy interior of A are defined
by

(i) c(A)=N{C:CisanIFCSin Xand C' D A};

(i) int(A) =U{D : DisanIFOS in Xand D C A};
It can be also shown that c/(A) is an IFCS, int(A) is an IFOS in X and A is and IFCS in
X if and only if ¢/(A) = A; Ais an IFOS in X if and only if int(A) = A

Proposition 2.1. [3]] Let (X, T') be an IFTS and A, B be intuitionistic fuzzy sets in X.

Then the following properties hold:

(i) cl(A) = (nk(A)), int(A) = (CA(A);
(ii) int(A) C A C cl(A).
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Definition 2.7. [12] Let A be an IFS in an IFTS(X,T). A is called an intuitionistic fuzzy
e*-open set (IFe*OS, for short) in X if A C clintcls(A). The Complement of A is called
an intuitionistic fuzzy e*-closed set (IFe*CS, for short) in X.

Definition 2.8. Let A be IFS in an IFTS (X, T). A is called an intuitionistic fuzzy regular
open set [[13] (briefly I FROS) if A = intcl(A) and intuitionistic fuzzy regular closed set
(briefly TFRC'S) if A = clint(A)

Definition 2.9. [13] Let (X,T) be an IFTS and A =< x, pa(x),va(x) > be aIFS in X.
Then the fuzzy 0 closure of A are denoted and defined by cls(A) = N{K : K is an IFRCS
in X and A C K} and ints(A) = U{G : Gisan IFROS in X and G C A}.

Definition 2.10. [3] Let (X,T') and (Y, .S) be IFTS’s. A function f : (X,T) — (Y, S) is
called intuitionistic fuzzy continuous if f~1(B) is an IFOS in X for every B € S.

Lemma 2.2. [14]
(i) ANB=Q = ACB.
(i) AZ B=ANB#(

Definition 2.11. [4] Two intuitionistic fuzzy sets A and B are said to be g-coincident
(AgB) if and only if there exists an element - € X such that p4(x) > vp(z) orva(z) <
pp(x). If A and B are said to be not g-coincident (AgB) if and only if A C B.

Definition 2.12. [11] AnIFTS (X, T') is called intuitionistic fuzzy C5-connected between
two intuitionistic fuzzy sets A and B if there is no IFOS E in (X, T) such that A C E
and FgB.

3. TYPES OF INTUITIONISTIC FUZZY e*-CONNECTEDNESS IN INTUITIONISTIC FUZZY
TOPOLOGICAL SPACES

Definition 3.1. Let (X, T) and (Y, S) be IFTS’s. A function f : (X,T) — (Y, .5) is called
intuitionistic fuzzy e*-continuous if f~1(B) is an IFe*OS in X for every B € S.

Definition 3.2. Let (X, T) be an IFTS and A =< x, 4,4 > be an IFS in X. Then the
intuitionistic fuzzy e*-interior and intuitionistic fuzzy e*-closure are defined and denoted
by:

e*cl(A) =N{K : KisanIFe*CSin X and A C K}
and

e*int(A) = U{G : Gisan IFe*OS in X and G C A}
It is clear that A is an IFe*CS (IFe*OS) in X iff A = cl.-(A)(A = inte«(A)).

Definition 3.3. Let A be IFS in an IFTS (X,T). A is called an intuitionistic fuzzy e*-
regular open set (briefly I Fe* ROS) if A = e*int(e*cl(A)) and intuitionistic fuzzy e*-
regular closed set (briefly [ F'e* RCS) if A = e*cl(e*int(A))

Definition 3.4. An IFTS (X, T) is IFe*-disconnected if there exists intuitionistic fuzzy
e*-opensets P, Qin X, P #0, Q #Q suchthat PUQ =1 and PNQ = Q. If X is not
[Fe*-disconnected then it is said to be I[Fe*-connected.

Example 3.5. Let X = {a, b}, T'={Q, 1, P} where P = {< =, (g%, %), (5%, 0—1’5) >
v e X Q= {<2 (5%, O—Z_’?)), (o5 0—175) >, x € X}, P and Q are intuitionistic
fuzzy e*-opensetsin X, P #0, Q #Q0and PUQ =P # 1, PNQ = Q # Q. Hence

X is IFe*-connected.



e*-CONNECTEDNESS IN INTUITIONISTIC FUZZY TOPOLOGICAL SPACES 29

Example 3.6. In Example Consider the intuitionistic fuzzy sets Q = {< z, (§, by, (2,
by>, ze X}, R={<uz, (% L), (4, %) >, 2 € X}, Qand R are intuitionistic fuzzy
e*-opensetsin X,QQ #0, R#Qand QUR = 1, QN R = (. Hence X is IFe*-

disconnected.

Definition 3.7. An IFTS (X, T) is IFe*Cs-disconnected if there exists IFS P in X, which
is both IFe*OS and IFe*CS such that P # , and P # 1. If X is not [Fe*Cs-disconnected
then it is said to be IFe* Cs-connected.

Example 3.8. In Example Consider the intuitionistic fuzzy sets Q = {< =, (g%, T%)v

(&%, o&) >, z € X} QisanIFe*0S in X, but Q is not IFe*CS since clint(cl5(Q)) € Q

Example 3.9. In Example Consider the intuitionistic fuzzy sets Q = {< z, (&, %),
(4, ) >, z € X}, Qis an intuitionistic fuzzy e*-open sets in X. Also () is IFe*CS since
clint(cls(Q)) = Q < Q. Hence there exists an IFS Q) in X such that 1 # @Q # Q which
is both IFe*OS and IFe*CS in X. Thus X is IFe*C5-disconnected.

Proposition 3.1. [Fe*C5-connectedness implies IFe* -connectedness.

Proof. Suppose that there exists nonempty intuitionistic fuzzy e*-open sets P and () such
that PUQ = 1 and P N Q = Q(IFe*-disconnected) then up V g = 1, vp Avg =0
and pup V pg = 0, vp A vg = 1. In other words @ = P. Hence P is IFe*-clopen which
implies X is IFe*C5-disconnected. (]

But the converse need not be true as shown by the following example.

Example 3.10. In Example Consider the intuitionistic fuzzy sets Q = {< x, (5%, %)7

(%, ox) >, ¢ € X}, Pand Q are IFe*OS in X. Also PUQ # 1 = P, PNQ # 0 = Q.
Hence X is IFe*-connected. Since IFS P is both IFe*OS and IFe*CS in X, X is IFe*Cs-

disconnected.

Proposition 3.2. Ler f : (X, T') — (Y, S) be a IFe*-irresolute surjection, (X, T) is an
IFe*-connected, then (Y, S) is IFe*-connected.

Proof. Assume that (Y, S) is not IFe*-connected then there exists nonempty intuitionistic
fuzzy e*-open sets P and @ in (Y, S) suchthat PUQ = 1 and PN Q = Q. Since f is
IFe*-irresolute mapping, R = f~'(P) # 0, U = f~1(Q) # Q which are intuitionistic
fuzzy e*-open setsin X. And f~1(P)Uf~1(Q) = f~1(1) = 1 which implies RUU = 1.
F7HP)NFHQ) = f~1(Q) = Q which implies RNU = Q. Thus X is [Fe*-disconnected,
which is a contradiction to our hypothesis. Hence Y is IFe*-connected. (]

Proposition 3.3. (X, T) is [Fe*Cs-connected iff there exists no nonempty intuitionistic

fuzzy e*-open sets P and Q) in X such that P = Q)

Proof. Suppose that P and (Q are intuitionistic fuzzy e*-open sets in X such that P # Q #
Qand P = Q. Since P = @, Q is an IFe*0S and Q is an IFe*CS, and P # Q implies
@ # 1. But this is a contradiction to the fact that X is IFe*Cj5-connected. Conversely, let
P be both IFe*OS and IFe*CS in X such that Q # P # 1. Now take Q = P. Q is an
IFe*0S and P # 1 which implies Q = P # Q which is a contradiction. O

Definition 3.11. An IFTS (X, T) is IFe*-strongly connected if there exists no nonempty
IFe*CS’s P and Q in X such that up + g <1, vp+vg > 1

In otherwords, an IFTS (X, T) is [Fe*-strongly connected if there exists no nonempty
IFe*CS’s P and Q in X such that PN Q = Q.
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Proposition 3.4. An IFTS (X, T) is IFe*-strongly connected if there exists no IFe*0S’s
Pand Qin X, P # 1 # Q such that pp + g > 1, vp +vQ < 1

Example 3.12. In Example Consider the intuitionistic fuzzy sets Q = {< =, (5%, %),
(&%, o=) >, @ € X}, PisanIFe*OS in X. P and Q is an IFe*OS in X since
Q C clint(cls(Q). Also up + pg < 1, vp +vg > 1. Hence X is IFe*-strongly

connected.

Proposition 3.5. Let f : (X, T) — (Y, S) be a [Fe*-irresolute surjection. If X is an
IFe*-strongly connected, then so is Y.

Proof. Suppose that Y is not IFe*-strongly connected then there exists [IFe*CS C' and D in
Y suchthat C' # 0, D #0, CND = Q. Since f is I[Fe*-irresolute, f~1(C), f~1(D) are
IFe*CSsin X and f~1(C)N f~Y(D) =0, f~1(C) #0, f~1(D) #0.Af f~1(C) =0,
then f(f~1(C)) = C which implies f(Q) = C. So C' = 0 a contradiction) Hence X is
IFe*-strongly disconnected, a contradiction. Thus (Y, S) is [Fe*-strongly connected. [

[Fe*-strongly connected does not imply IFe*C5-connected, and IFe* C's-connected does
not imply IFe*-strongly connected. For this purpose we see the following examples:

Example 3.13. In Example Consider the intuitionistic fuzzy sets Q = {< z, (%, o)
(&, &) >, = € X}, X is IFe*Cs-connected. Since Q C clint(cls(Q)). Also
up + o < 1, vp + v > 1. Hence X is IFe*-strongly connected. But X is not

IFe*C's-connected, since (Q is both IFe*OS and IFe*CS in X.

Exampble 3.14. In Example Consider the ilztuitionistic £uzzy sets Q@ = {< z, (g% %)7
(%’ ﬁ) >, T € X}a R = {< z, (&7 ﬁ% (&, ﬂ) >, T € X}, X is IFG*CE,-
connected. But X is not IFe*-strongly connected since (Q and R are intuitionistic fuzzy

e*-open sets in X such that pg + pg > 1, vg +vr < 1.

Definition 3.15. P and () are non-zero intuitionistic fuzzy sets in (X, 7"). Then P and Q
are said to be

(i) IFe*-weakly separated if e*cl(P) C @Q and e*cl(Q) C P.

(ii) IFe*-g-separated if (e*cl(P))NQ =0 = PN (e*cl(Q)).

Definition 3.16. An IFTS (X, T') is said to be IFe*C5-disconnected if there exists IFe*-
weakly separated non-zero intuitionistic fuzzy sets P and @ in (X, T') such that PUQ =
1.

Example 3.17. In Example Consider the intuitionistic fuzzy sets Q = {< =z, (§, %),
(1, %) > reX}, R={<uz (%, %)7 (5 %) >, x € X}, Q and R are intuitionistic
fuzzy e*-open sets in X,e*cl(Q)) € Rand e*cl(R) C Q. Hence @ and R are IFe*-weakly
separated and Q U R = 1. So X is IFe*Cs-disconnected.

Definition 3.18. An IFTS (X, T) is said to be IFe*C)-disconnected if there exists IFe*-
g-separated non-zero intuitionistic fuzzy sets P and @ in (X, T) such that PUQ = 1.

Example 3.19. In Example Consider the intuitionistic fuzzy sets @ = {< =, (§, %),
(4, 5> 2e X}, R={<u=, (% %), (& %) > 2 € X}, Qand R are intuitionistic
fuzzy e*-open sets in X,(e*cl(Q)) N R = Q and @ N (e*cl(R)) = Q which implies Q
and R are IFe*-g-separated and Q U R = 1. Hence X is IFe*C)/-disconnected.

Remark. An IFTS (X, T) is [Fe* Cs-connected if and only if (X, T') is IFe*Cy-connected.
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Definition 3.20. An IFTS (X, T) is said to be IFe*-super disconnected if there exists an
IFe*-regular open set P in X such that Q # P # 1. X is called IFe*-super connected if
X is not IFe*-super disconnected.

Example 3.21. In Example Consider the intuitionistic fuzzy sets Q = {< z, (T, %),
(4, 2)y> 2e X}, R={<uz, (& %), (% %) >, 2 € X}, Qand R are intuitionistic
fuzzy e*-open sets in X and e*int(e*cl(Q)) = Q. This implies @ is an IFe*-regular open
setin X. Hence X is an IFe*-super disconnected.

Proposition 3.6. Let (X, T') be an IFTS. Then the following are equivalent:

(i) X is IFe*-super connected
(ii) For each IFe*OS P # () in X, we have e*clP = 1
(iii) For each IFe*CS P # 1 in X, we have e*intP = (
(iv) There exists no IFe*OS’s P and Q in X such that P #Q # Q and P C Q
(v) There exists no IFe*OS’s P and Q in X such that P # Q # Q ,Q = e*clP and

P =e*cl@
(vi) There exists no IFe*CS’s P and Q) in X such that P # 1 # Q ,Q = e*intP and
P = e*intQ

Proof. (i) = (ii): Assume that there exists an P # Q such that e*cl(P) # 1. Take
P = e*int(e*cl(P)). Then P is proper e*-regular open set in X which contradicts that X
is IFe*-super connectedness.

(ii) = (iii): Let P # 1 be an IFe*C'S in X. If we take Q = P then Q) is an IFe*OS
in X and Q # Q. Hence by (ii) e*cl(Q) = 1 = e*cl(Q) = 0 = e*int(Q) = 0 =
erint(A) = Q.

(iii) = (iv): Let P and Q are IFe*OS in X such that P # Q # Q and P C Q. Since Q
isan IFe*CSin X, Q # 1 by (iii) e*int@Q = Q. But P C Q implies Q # P = e*int(P) C
e*int(Q) = Q which is a contradiction.

(iv) = (i): LetQ # P # 1 be an [Fe*-regular open set in X. If we take Q = e*cl(P),
we get Q@ # Q0. (If not Q@ = Q implies e*cl(P) = 0 = e*c(P) = 1 = P =
e*int(e*cl(P)) = e*int(l) = 1 = P = 1 a contradiction to P # 1). We also have
P C @ which is also a contradiction. Therefore X is I[Fe*-super connected.

(i) = (v): Let P and Q be two IFe*OS in (X, T') such that P # 0 # Q, Q = e*cl(P)
and P = e*cl(Q). Now we have e*int(e*cl(P)) = e*int(Q) = e*cl(Q) = P, P #Q
and P # 1, since if P = 1 then L = e*cl(Q) = e*cl(Q) =0 = Q = 0. But Q # Q.
Therefore P # 1 = P is proper IFe*-regular open set in (X, T') which is contradiction
to (i). Hence (v) is true.

(v) = (i): Let P be IFe*OS in X such that P = e*int(e*cl(P)), 0~ # P # 1. Now
take Q = e*cl(P). In this case, we get Q # Q and @ is an IFe*OS in X and Q = e*cl(P)
and e*cl(Q) = e*cl(e*cl(P)) = (e*int(excl(P))) = e*int(e*cl(P)) = P. But thisis a
contradiction to (v). Therefore (X, T') is IFe*-super connected space.

(v) = (vi): Let P and Q be IFe*-closed sets in (X, T) such that P # 1 # Q, Q =

e*int(P) and P = e*int(Q). Taking C' = P and D = @, C and D become IFe*-open sets

in (X, T)and C # Q # D, e*cl(C) = e*cl(P) = (e*int(P)) = e*int(P) = Q = D
and similarly e*cl(D) = C. But this is a contradiction to (v). Hence (vi) is true.
(vi) = (i): We can prove this by the similar way as in (v) = (vi). (I

Proposition 3.7. Let f : (X, T) — (Y, S) be a [Fe*-irresolute surjection. If X is an
IFe*-super connected, then so is Y.
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Proof. Suppose that Y is IFe*-super disconnected. Then there exists IFe*OS’s C' and D
in Y such that C # 0 # D, C C D. Since f is IFe*-irresolute, f~1(C) and f~1(D) are
IFe*OS’s in X and C' C D implies f~1(C) C f~Y(D) = f~1(D). Hence f~1(C) #
Q # f~1(D) which means that X is IFe*-super disconnected which is a contradiction. [

Definition 3.22. An IFTS (X, T) is called intuitionistic fuzzy e*Cs-connected between
two intuitionistic fuzzy sets P and () if there is no IFe*OS E in (X, T') such that P C E
and FqQ.

Example 3.23. In Examp]e Consider the intuitionistic fuzzy sets Q = {< x, (5%, %)7

(¢ ) > * € X} R={< . (¢5. dg). (5. o) > # € X}, Pis IFe*OS in

(X, T). Then (X, T) is intuitionistic fuzzy e*-connected between P and Q.

Theorem 3.8. If an IFTS (X, T) is an intuitionistic fuzzy e*Cs-connected between two
intuitionistic fuzzy sets P and Q, then it is intuitionistic fuzzy Cs-connected between two
intuitionistic fuzzy sets P and Q).

Proof. Suppose (X, T') is not intuitionistic fuzzy Cs-connected between two intuitionistic
fuzzy sets P and @ then there exists an IFOS F in (X, T') such that P C F and FqQ).
Since every IFOS in IFe*OS, there exists an [Fe*OS F in (X, T') such that P C E and
EqQ which implies (X, T) is not intuitionistic fuzzy e*-connected between P and @, a
contradiction to our hypothesis. Therefore, (X, T') is intuitionistic fuzzy Cs-connected
between P and Q. [l

However, the converse of the above Theorem is need not be true, as shown by the
following example.

Example 3.24. In Examp]e Consider the intuitionistic fuzzy sets Q = {< x, (3%, %),
(%, o) >, 2 € X} R={<uz (& %) (55 55) > = € X} PisIFOS in
(X, T). Then (X, T') intuitionistic fuzzy Cs-connected between @ and R. Consider IFS
D={<uz (&% o5) (&% o) >, = € X}, Disan IFe*OS such that Q C D and
D C R which implies (X, T') is intuitionistic fuzzy e*-disconnected between ) and R.
Theorem 3.9. Let (X, T') be an IFTS and P and Q be intuitionistic fuzzy sets in (X, T).

If PqQ then (X, T) is intuitionistic fuzzy e*Cs-connected between P and Q.

Proof. Suppose (X, T') is not intuitionistic fuzzy e*Cs-connected between P and (). Then
there exists an IFe*OS E in (X, T) such that P C F and F C Q. This implies that
P C Q. Thatis PgQ which is a contradiction to our hypothesis. Therefore (X, T) is
intuitionistic fuzzy e*C's-connected between P and Q. O

However, the converse of the above Theorem is need not be true, as shown by the
following example.

Example 3.25. In Example Consider the intuitionistic fuzzy sets Q = {< =, (5%, %),

(g% 5) > = € X}, R={< 2, (¢, g5) (¢ ga) > © € X}, PisIFeOS in
(X, T). Then (X, T) is intuitionistic fuzzy e*-connected between P and (). But P is not

g-coincident with @), since pup(z) < vo(x).

Definition 3.26. Let N be an IFS in IFTS (X, T)

(a) If there exists intuitionistic fuzzy e*-open sets M and W in X satisfying the following
properties, then N is called IFe*C;-disconnected (i=1,2,3,4):

eCi:NCMUW, MNWCN, NNM#Q, NNW #Q,

eCo: NCMUW, NNMnNW =0, NNM#Q, NNW #40,
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e*Cs: NCMUW, MANWCN, MZN, WgN,

eCy:NCMUW, NNMNW=Q,MZN, W¢N,

(b) N is said to be IFe*C;-connected (¢ = 1,2,3,4) if N is not [Fe*C;-disconnected
(i=1,2,3,4).

Obviously, we can obtain the following implications between several types of IFe*C;-
connected (i = 1,2,3,4):

TFe*(C';-comectedness —_— s IFe*Cy-connectedness

| T~

TFe*Ca-connectedness IFe* 'y -connectedness

Example 3.27. In Example[3.5, M = {< z, (&%, &%), (&%, o) > 2 € X}, W =

{< =, (&% %) (3% g) > = € X}, be IFe*OS. Consider the IFS N = {<

z, (&, o), (&%, o) >, ¢ € X}, N isIFe*Co-connected, IFe* C5-connected, IFe*Cyy-

connected but IFe* (' -disconnected.

Example 3.28. In Example 3.5\ M = {< z, (&, &), (¢4, 2) > 2z € X}, W ={<
z, (&, %), (4, &) >, 2 € X}, beIFe*0S. Consider the IFS N = {< z, (5%, 55), (%,

0—%) > x € X}, N is [IFe*Cy-disconnected but IFe* Cy-connected.

Example 3.29. In Example 3.5l M = {< z, (¢%. &) (¢% o3) > ¢ € X}, W =

{< 2, (& &) (&4 o4) > « € X}, be IFe*OS. Consider the IFS N = {<
z, (5%, %) (v%> OL) >, x € X}, N is IFe*Cs-disconnected but IFe* Cyy-connected.

4. INTUITIONISTIC FUZZY e*-EXTREMALLY
DISCONNECTEDNESS IN INTUITIONISTIC FUZZY TOPOLOGICAL SPACES

Definition 4.1. Let (X, T) be any IFTS. X is called IFe*-extremally disconnected if the
e*-closure of every IFe*OS in X is IFe*OS.

Theorem 4.1. For an IFTS (X, T) the following are equivalent:
(i) (X, T) is an IFe*-extremally disconnected space.

(ii) For each IFe*CS P, e*int(P) is an IFe*CS.

(iii) For each IFe*OS P, e*cl(P) = e*cl(e*cl(P)) is an IFe*CS.

(iv) For each intuitionistic fuzzy e*-open sets P and Q with e*cl(P) = Q, e*cl(P) =

e*clB.

Proof. (i) = (ii): Let P be any IFe*CS. Then P is an [Fe*OS. So e*cl(P) = e*int(P) is
an [Fe*OS. Thus e*int(P) is an [IFe*CS in (X, T').

(ii) = (iii): Let P be an IFe*OS. Then e*cl(e*cl(P)) = e*cl(e*int(P)). e*cl(e*cl(P)) =
e*cl(e*int(P)). Since P is an IFe*0S, P is an IFe*CS. So by (ii) e*int(P) is an [Fe*CS.
That is e*cl(e*int(P)) = e*int(P). Hence e*cl(e*int(P)) = e*int(P) = e*cl(P).

(iii) = (iv): Let P and @) be any two intuitionistic fuzzy e*-open sets in (X, T') such
that e*cl(P) = Q. (iii) implies e*cl(P) = e*cl(e*cl(P)) = e*cl(Q) = e*cl(Q).

(iv) = (i): Let P be any IFe*OS in (X, T). Put @ = e*cl(P). Then e*cl(P) =
Hence by (iv) e*cl(P) = e*cl(Q). Therefore e*cl(P) is IFe*OS in (X, T). That
(X, T) is an IFe*-extremally disconnected space.

I:l
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5. CONCLUSION

In this paper, we have introduced and studied the concept of types of intuitionistic fuzzy
e*-connected and intuitionistic fuzzy e*-extremally disconnected in intuitionistic fuzzy
topological spaces are introduced and studied. Here we introduce the concepts of intu-
itionistic fuzzy e*Cs-connectedness, intuitionistic fuzzy e*Cg-connectedness, intuitionis-
tic fuzzy e*Cr-connectedness, intuitionistic fuzzy e*-strongly connectedness, intuitionis-
tic fuzzy e*-super connectedness, intuitionistic fuzzy e*C;-connectedness (i = 1,2, 3,4),
and obtained several properties and some characterizations concerning connectedness in
these spaces.
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