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Abstract: In this paper the concept of fuzzy nearly C-a-compactness is introduced in
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1. Introduction

It is seen from the literature that a class of mathematicians has so far taken
keen interest in generalising the concept of compactness to fuzzy topological
spaces by different approaches (for example see [4], [7], [8], [9]). C. L. Chang
[4] introduced and developed the concept of fuzzy topological spaces based on
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the concept of a fuzzy set introduced by Zadeh in [10]. Since then, various
important notions in the classical topology such as compactness have been
extended to fuzzy topological spaces. The concept of nearly C-compactness in
general topology was introduced and studied in [8].

In what follows by X we shall mean a fuzzy topological space (or an fts,
for short) as prescribed by Chang [4], whereas by a fuzzy set in a non-void set
X is meant, as usual a function A from X to the unit closed interval [0, 1](= I,
say) i.e., A € IX. By x; we shall mean a fuzzy set whose value at the singleton
support {z} is t and 0 otherwise. For a fuzzy set A in X, 1—\ denotes the fuzzy
complement of A and is defined by (1 — A)(x) = 1 — A(z), for each € X. The
notations Cl(A\) and Int(A\) will stand for the closure and interior respectively
of the fuzzy set A in the fts X [1]. For any family {)\; : i € A} of fuzzy sets
in X, the union \/ A\; and A \; are defined as (\/ \;)(z) = sup A\;(z) and

i€A ieA ieA €A
(‘/\A Ai)(x) = Zlg/f\ Ai(z) for each x € X [10], where A is an arbitrary index set.
1€

The characteristic function of a subset A of X is denoted by x4 and is defined

as
(2) = 1 if x € A,
M= V0  ifaeg A
Let U = {Aa}ae, be a family of members from 7. Then U is called a cover

of X if \/ Ay =1 and a subfamily of U having a similar property is called a
acA
subcover of U. A fuzzy topological space (X, T) is said to be fuzzy compact

[9] if every cover of X by members of T" has a finite subcover. Further x, shall
denote a fuzzy point [8] with a support = and value a(0 < a < 1). For a fuzzy
set A in X, we write x, € A provided a < A\(x).

The purpose of this paper is to introduce and study the concept of nearly
C-a-compactness in fuzzy setting. In Section 2 we give preliminaries, Section 3
deals with the concept of fuzzy nearly C-a-compactness and some of the charac-
terizations in fuzzy topological spaces, and Section 4 deals with the properties
of fuzzy almost a-continuous, fuzzy almost a-open functions. Section 5 deals
with the concept of fuzzy nearly C-a-compactness in fuzzy bitopological spaces.

2. Preliminaries
Most of the concepts, notations and definitions which we have used in this

paper are standard by now. But for the sake of compactness, we recall some
definitions and results used in the sequel.
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Definition 1. A fuzzy filter base on X is a non-empty collection F of
fuzzy sets on X satisfying the conditions

(i) 0 ¢ ; where 0 stands for empty fuzzy set;
(i) A, A2 €= A AN €S
(i) A<peF=rel
Definition 2. A fuzzy set A in a fts (X, T') is called

(i) fuzzy regular open set [1] if Int(CI(\)) = A and a fuzzy regular closed set
if Cl(Int(\)) = A,

(ii) a fuzzy a-open set [2] if A < Int(Cl(Int()\))) and a fuzzy a-closed set if
Cl(Int(ClL(N))) < A.

Definition 3. A fuzzy topological space (X,T) is said to be fuzzy a-
regular if for every fuzzy closed set A and a point & ¢ ), there exists disjoint
fuzzy a-open sets v and p such that z € vy and A < u. A fuzzy set § is fuzzy
a-regular open if Int,(Cl,(5)) = 9.

Definition 4. [8] A topological space (X, T) is said to be nearly C-compact
if for any ordinary subset A of X, A # X such that x4 (the characteristic
function of A C X) is a proper regular closed set and for each open cover of
{Aa;a € A} of x4 there exists a finite subfamily {Aa;, Aag, ooy Aq, } Such that

n

x4 C U Cl(\,).
=1

Definition 5. [7] A fuzzy topological space (X,T) is said to be fuzzy
nearly C-compact if for any ordinary subset A of X, A # X such that x4
(the characteristic function of A C X)) is a proper fuzzy regular closed set and
for each fuzzy open cover of {\, : @ €A} of x4 there exists a finite subfamily

n
{Aa1sAazs -+ -5 Aay,  such that x4 < \/ Cl(A,,).
i=1

7

3. Fuzzy Nearly C-a-Compactness in Fuzzy Topological Spaces

Definition 6. [9] A topological space is said to be nearly C-a-compact if
given a regular closed set A and an a-open cover U = {O;|i € A} of A there
n

exists a finite subfamily {O;;7 = 1,2, ...,n} of U such that A C |J Cl,(0;).
i=1

2
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Definition 7. Let (X,T) be a fuzzy topological space. (X,T) is said to
be fuzzy nearly C-a-compact if for any ordinary subset A of X, A # X such
that x4 (the characteristic function of A C X)) is a proper fuzzy regular closed
set and for each fuzzy a-open cover of {\,;a € A} of x4 there exists a finite

n

subfamily {Aa;, Aags oo Ay, | such that xa < \/ Cly(Ag,)-
i=1

From the above definition it is clear that fuzzy compactness implies fuzzy
nearly C-a-compactness. However, the converse is not true as the following
example shows:

Example 1. Let X = {a,b}, T ={0,1, f,,} where f,, : X ={a,b} — [0,1]
is such that f,(X) =1 — %, Vo € X. The only possible non-empty subsets
of X are Ay = {a} and Ay = {b}. Further, since ClIntxa, = 0 # x4, and
ClIntxa, =0 # xa,, it follows that x4, and xa, are not fuzzy regular closed.
So vacously (X,T) is fuzzy nearly C-a-compact. Now we claim that (X,T) is

o0

not fuzzy compact. Indeed, \/ f, =1 shows that {f,}°2 is a fuzzy open cover
n=1

ng

of 1x but for every infinite integer, say ng, we have \/ f, < 1 and therefore
n=1

{fn}>2, has no finite subcover for 1x. That is, (X,T') is not fuzzy compact.

Proposition 1. In a fuzzy topological space (X,T) the following asser-
tions are equivalent.
(1) X is fuzzy nearly C-a-compact.
(2) For each subset A C X such that x4 is proper fuzzy regular closed and
for each fuzzy a-regular open cover U = {Ay}aen Of x4 there exists a finite
n
subfamily {Aa;; Aags - - - A, | Of U such that x4 < \/ Cla(Ay,).
i=1
(3) For each subset A C X such that x4 is a proper fuzzy regular closed set
and for each family = {piq}aecs Of non-zero fuzzy regular closed sets such

that ( A ,ua> A xa = 0, there exists a finite subfamily {jia;, ttags - - - s Hay, } OF
acA

& such that { A Inta(uai)} Axa=0.
=1

1=

(4) For any subset A C X such that xa is a proper fuzzy regular closed set
and for each family & = {pta}oen Of fuzzy regular closed sets, if for each fi-

n
nite subfamily {fiay, fass - - - Hay, } O S we have [/\ Inta(uai)] Axa # 0, then
i=1

(/\ Ma>AXA7'50-

aEA
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Proof. (1)= (2) follows easily from Definition 7.

(2)= (1) Suppose (2) holds. Let A be any subset of X such that y4 is
proper fuzzy regular closed. Let U = {An},c, be a fuzzy a-open cover of 4.
Then {Into(ClaAa)}ae, Will be a fuzzy a-regular open cover of 4. Then
by (2), there exists a finite subfamily {Int,(Cly(Ay,;))}i; such that x4 <

V Cla {Inta(ClaOa))} < V Cla(ra,).
=1 =1

This proves (2) = (1).
The proof for (2)= (3), (3)= (2), (3)= (4) and (4)= (1) are in [7]. O

Proposition 2. For any fuzzy topological space (X,T), the following
assertions are equivalent.
(1) X is fuzzy nearly C-a-compact.
(2) If A C X is such that x 4 Is a proper fuzzy regular closed and S is a family of

fuzzy regular closed sets of X such that xa < (1 - A A), then there exists a
AES

n
finite number of elements of &, say A1, Ag, ....., An, such that x4 < 1— \ Inty\;.
i=1

Proof. (1) = (2) Suppose X is fuzzy nearly C-a-compact. Let A C X be
such that x4 is proper fuzzy regular closed set. Let & be a family of fuzzy
regular closed sets of X such that ya < (1 - A )\) =\ (1—=AX). Clearly

AES AES
U = {1 — A\},og is a fuzzy regular open cover of y4. Hence by assumption
(1) there exists a finite number of elements (say) A1, Ag,....., A, such that x4

n n n
< \/ Cly(Ni). Therefore /\ Into,hi = 1 — \ ClgA; < 1 — xa. That is,

i=1

= =1

| N

/\ Inty ;. This proves (1) = (2).

=

1-—
)= (1 ) Let A C X be such that x4 is a proper fuzzy regular closed set in
et

(
X. Let & be a family of fuzzy regular open sets of X such that x4 < \/ A. Put
AES
U = {1 - A} cqg- Then U is clearly a family of fuzzy regular closed sets of X
such that x4 < \/ A= V [1-(1-X)]=1— A (1—X). Hence by assumption
AES AES AES
(2) there exists a finite number of elements say 1 — A1, 1 — Ao, ...y 1 — Ay, such

that xa <1— A Int,(1—XN) = \/ (1 —Into(1—X;)) =V ClyA;. This proves
=1 i=1 1=1

@)= (1. B 0
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4. Properties of Fuzzy Almost a-Continuous and Fuzzy Almost
a-Open Functions

Definition 8. Let (X,7) and (Y,.S) be any two fuzzy topological spaces.
A mapping f: (X,T) — (Y,S) is said to be fuzzy almost a-continuous if the
inverse image of every fuzzy regular open (closed) set is fuzzy a-open (a-closed).

Definition 9. Let (X,7) and (Y,.S) be any two fuzzy topological spaces.
A mapping f: (X,T) — (Y,S) is said to be fuzzy almost a-open (a-closed) if
the image of every fuzzy regular open (closed) set is fuzzy a-open (a-closed).

Example 2. Let X = {a, b, c¢}; Define T} = {0, 1, \} and T> = {0, 1, u}
where A(a) = 0, A(b) = 3, M) = 5 and p(a) =1, p(b) =0, p(c) = 0. Let
f (X, Ty) — (X, T») be the identity mapping. In (X, T5) the only non-zero
fuzzy regular open set is 1 and f~1(1) = 1 shows that f is fuzzy almost a-
continuous. Now let g : (X, T») — (X, T1) be the identity mapping, the only
non-zero fuzzy regular open set in (X, Ty) is 1 and f(1) = 1 implies that f is
fuzzy almost a-open.

Proposition 3. Let (X, T), (Y, S) and (Z, R) be fuzzy topological
spaces. Let f : X — Y be a fuzzy almost a-open (almost a-closed) map of a
space X onto aspaceY andlet g:Y — Z. If gof is a fuzzy almost a-continuous
and fuzzy almost a-open map then g is fuzzy almost a-continuous.

Proposition 4. Let (X, T), (Y, S) and (Z, R) be fuzzy topological
spaces. Assume that f : X — Y is fuzzy almost a-continuous and let g : Y — Z
be a fuzzy almost a-continuous and fuzzy almost a-open map. Then g o f is
fuzzy almost a-continuous.

Proposition 5. Let (X, T), (Y, S) and (Z, R) be fuzzy topological
spaces. Let f : X — Y and g : Y — Z and suppose that (g o f) is a fuzzy
almost a-open (fuzzy almost a-closed ) map. If f is fuzzy almost a-continuous
and fuzzy almost a-open surjection, then g is a fuzzy almost a-open (almost
a-closed) map.

Lemma 1. Let (X, T) and (Y, S) be fuzzy topological spaces. Let
f: X =Y be any fuzzy almost a-open map. Given any \ € I' and any fuzzy
regular closed set y containing f~1()), there exists a fuzzy a-closed set 6 > A
such that f=1(0) < pu.

Lemma 2. Let (X, T) and (Y, S) be fuzzy topological spaces. Let
f: X =Y be a fuzzy almost a-continuous and fuzzy almost a-open map and
let A be any fuzzy a-closed subset of Y. Then
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(1) Cla(f~H(Inta(N))) = fH(Cla(IntaN)).
(2) If \ is a fuzzy a-regular closed subset, then Cly,(f~1(Int,\)) = f~1(N).

Proposition 6. Let (X, T) and (Y, S) be fuzzy topological spaces. Let
f:X =Y be a fuzzy almost a-continuous and fuzzy almost a-open map. If p
is a fuzzy a-open set in Y, then
(1) IntoClo(f 1 (Into(Clap))) = Into[Cla(f~H(Clap))] = Into(f~H(Clap)).
(2) F 1 (Inta (Clas)) = Inta(f~H(Clap).

(3) If u is a fuzzy a-regular open set in Y, then Into f~1(f~1(Clop)) = f~ ().

Proposition 7. The image of a fuzzy nearly C-a-compact space under
a fuzzy almost a-continuous and fuzzy almost a-open mapping is fuzzy nearly
C-a-compact.

Proof. Let f: (X,T) — (Y,S) be a fuzzy almost a-continuous and fuzzy
almost a-open mapping from a fuzzy nearly C-a-compact X onto Y. We have
to show that Y is also fuzzy nearly C-a-compact. Let A be any subset of Y
such that x4 is fuzzy regular closed in Y. Let U = {\;}ica be a fuzzy regular
a-open cover of x4 in Y. f71(x4) is a fuzzy regular closed subset of X and
{f_l()‘i)}ieA is a fuzzy regular a-open cover of f~!(x4) in X. Since X is fuzzy
nearly C-a-compact, there exists a finite subfamily {f‘l()\i);i =1,2,... ,n}
such that

F (xa) < ,\"/1 Cla {71 (M)} < ,\’71 {F1(Cla(M))} -

n

That is, xa < \/ {Cla(\;)}. This proves that Y is fuzzy nearly C-a-compact.
i=1

O

5. Fuzzy Nearly C-a-Compactness in Fuzzy Bitopological Spaces

The concept of fuzzy bitopological spaces was introduced in [5] and subse-
quently further studied by various authors [3], [6]. In [5] the definition of fuzzy
bitopological space was given as follows:

Definition 10. A fuzzy bitopological space is an ordered triple (X, 71, T5)
where T7 and 15 are fuzzy topologies on X.

Definition 11. [7] A bitopological space (X,T1,T5) is said to be (1,2)-
fuzzy nearly C-compact if for every set A C X such that x4 is a proper Ti-
fuzzy regular closed set and for every Th-fuzzy open cover U of x 4, there exists
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n
a finite subcollection of U, (say) A1, Ag,..., A, such that xya < \/ To-Cl(N\;).
i=1
Then (X,T1,T5) is said to be pairwise fuzzy nearly C-compact if it is both
(1,2)-fuzzy nearly C-compact and (2, 1)-fuzzy nearly C-compact.

Definition 12. A bitopological space (X, T1,T») is said to be (1, 2)-fuzzy
nearly C-a-compact if for every set A C X such that x4 is a proper Ti-fuzzy
regular closed set and for every Ts-fuzzy a-open cover U of x4, there exists

i=1
Then (X, T1,Ts) is said to be pairwise fuzzy nearly C-a-compact if it is both
(1,2)-fuzzy nearly C-a-compact and (2, 1)-fuzzy nearly C-a-compact.

Definition 13. A mapping [ : (X,T1,72) — (Y, S51,952) is said to be
pairwise fuzzy almost a-continuous (pairwise fuzzy almost a-open, pairwise
fuzzy a-continuous) if the induced mappings f : (X,71) — (Y,S1) and f :
(X,T3) — (Y, S2) are fuzzy almost a-continuous (fuzzy almost a-open, fuzzy
a-continuous).

Proposition 8. FEvery pairwise fuzzy a-continuous and pairwise fuzzy
almost a-open image of a pairwise fuzzy nearly C-a-compact space is pairwise
fuzzy nearly C-a-compact.

Proof. Let f : (X,T1,T2) — (Y,S1,S52) be any pairwise fuzzy almost a-
continuous and pairwise fuzzy almost a-open onto mapping. Assume (X, T, 75)
is pairwise fuzzy nearly C-a-compact. We want to show that (Y,S7,S2) is
pairwise fuzzy nearly C-a-compact.

Let A C Y be such that x4 is a proper Si-fuzzy regular closed set and let
U be a Sy-fuzzy a-open cover of y 4. Since f is fuzzy almost a-continuous and
fuzzy almost a-open, f~'(xa) is Ti-fuzzy regular closed and { f~'(u); p € U}is
a Ty-fuzzy a-open cover of f~1(x4). Since (X, Ty, T») is pairwise fuzzy nearly
C-a-compact, there exists a finite subcollection {f‘l(,uk); k=1,2,... ,n} such

that £~ (xa) < V To-Claf~"(jug). Hence,
[To-Clo f ™ ()]
5-Cla(ff 1))

So-Clo (11

This proves that Y is (1,2)-fuzzy nearly C-a-compact. Similarly we can show
that Y is also (2,1)-fuzzy nearly C-a-compact. Thus we have shown that

<3
~

k=1
xa=ff"txa) <

i
I

A
T<
n

IN
<3

T
I
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(Y, S1, 52) is pairwise fuzzy nearly C-a-compact. O

Proposition 9. Let (X,Ty,T5) be any pairwise fuzzy nearly C-a-compact
space. Then if A C X is such that x4 is proper T;-fuzzy regular closed and
is a family of Tj-fuzzy a-closed subsets of X such that A\ {\A xa; A € S} =0,
there exists a finite number of elements, say {\1, A2, ...., A\p } of & such that

n
ANATj-Into Ay A xat =0,i# 34, 1, j=1, 2.
k=1

Proof. Suppose (X, T1,T5) is fuzzy pairwise nearly C-a-compact. Let A C
X be such that x4 is proper T;-fuzzy regular closed and S is a family of T)-

fuzzy a-closed sets of X such that A {A A xa;A € S} =0. Now A {AAxa}=
AES
0= AA<1l—-xa=xa<1- AX=V{I-XX2e8} So{l-MIeT}
AES AES
is a Tj-fuzzy a-open cover of x4 which is Tj-fuzzy regular closed and hence

by assumption we have a finite collection, say 1 — Ay,1 — Ao, ..., 1 — A\, such
n

n n
that x4 < V T;-Clo(1 = A\g) = \ (1 = Tj-IntaAr) =1 — A Tj-IntoAy. This
k=1 k=1 k=1

n n
implies A Tj-Into A, < 1 — xa = xx—a. Therefore x4 A( A\ Tj-Inta ;) <
k=1 k=1

n
XAAXx-4=0= A (Tj-Into i A xa) = 0. This proves the proposition. [
k=1
Definition 14. A T)-fuzzy filter base S is said to be T;j-a-regular adherent
convergent if every Tj-a-regular open neighborhood of the Tj-a-adherent set of

3 contains an element of 3,7 # 7,4, j = 1,2, where we define the Tj-a-adherent
set of § to be A{T}-Cl A\ A € 3.

Proposition 10. If (X,T3,T3) is pairwise fuzzy nearly C-a-compact
then every Tj-a-open fuzzy filter base is T;j-a-regular adherent convergent
(i #7J, 4,7 =1,2).

Proof. Suppose (X, T1,T5) is pairwise fuzzy nearly C-a-compact and let &
be any Tj-a-open filter base with A the Tj-a-adherent set of 3. Let o be any
fuzzy Tj-a-regular open neighbourhood of A\. So we have A = A{T}-Clou; p €
S} and A < o and 1 — o is fuzzy Tj-a-regular closed. Now 1 —o0 <1—-A=1-—
MNT-Clops pp € S} = V{1 = Tj-Clop; p € S}. Therefore {1 — T53-Clap; pp € 3}
is a Tj-a-open cover of the fuzzy regular closed set 1 — 0. Since (X,T1,7T3) is

pairwise fuzzy nearly C-a-compact, we can find a subcollection, say {1 — Tj-
n

Clop; k=1,2,.....,n} such that 1—0 <\ T;-Clo (1 — Tj-Clopi) = V [1-Tj-
k=1 k=1
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Intol((Tj_ClOt:U’k))] =1- /\ TJ'_Inta((TJ'_Clauk)) = /\ Tj‘Inta(Tj‘Claﬂk) <
k=1 k=1

n
o. Further, py, < Tj-Into(T;-Clopy) for k =1,2,...,n. Therefore A pp < Tj-
k=1

n
Int T;-Clopy. Hence A pp < o = o € 3. Hence the proposition. O
k=1
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