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A Note On Fuzzy r-M Precontinuity And Fuzzy r-Minimal
Compactness On Fuzzy r—-Minimal Spaces
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Abstract

In this paper, we introduce and study the concept of fuzzy rfﬂl*preopen mappings between fuzzy r-minimal spaces.

We also investigate the relationships among fuzzy r-A/ precontinuous mappings, fuzzy r*]l/[**preopen mappings and
several types of fuzzy r-minimal compactness.
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1. Intorduction fuzzy r—M —preopen on two r-FMS's, and If A4 is a
nearly fuzzy r-minimal precompact set, then f(A4) is a
The concept of fuzzy set was introduced by Zadeh nearly fuzzy r-minimal compact set.

[7]. Chang [1] defined fuzzy topological spaces using
fuzzy sets. In [2], Chattopadhyay, Hazra and Samanta

introduced the smooth topological space which is a 2. Preliminaries

generalization of a fuzzy topological space. In [5], we

introduced the concept of fuzzy r-minimal space which Let 7 be the unit interval [0,1] of the real line. A
is an extension of the smooth topological space. The member A of I~ is called a fuzzy set [6] of X. By 0

concepts of fuzzy r-open sets and fuzzy r-M con-—
tinuous mappings are also introduced and studied. In
[3], We introduced the concepts of fuzzy r-minimal
preopen sets and fuzzy r—M precontinuous mappings,
which are generalizations of fuzzy r-minimal open sets

and i we denote constant maps on X with value 0 and
1, respectively. For any A€ I¥, A° denotes the com-

plement 1-A. All other notations are standard notations
of fuzzy set theory.

and fuzzy r—M continuous mappings, respectively. Yoo A fuzzy point x, in X is a fuzzy set x, is defined
et al. introduced the concepts of fuzzy r-minimal com- as follows

pactness, almost fuzzy r-minimal compactness and o, ify=z

nearly fuzzy r-minimal compactness on fuzzy r z,(y)= {07 ify= 2.

-minimal spaces in [6]. In this paper, we introduce and

study the concept of fuzzy r-M"-preopen mapping be- A fuzzy point z, is said to belong to a fuzzy set 4

tween fuzzy r-minimal spaces. We also investigate the in X, denoted by z,E 4, if a<A(z) for z & X.
relationships among fuzzy r—M precontinuous map- A fuzzy set A in X is the union of all fuzzy points
pings, fuzzy r-M -preopen mappings and several types which belong to A.

of fuzzy r-minimal compactness. In particular, in

Theorem 3.11, we will show that: If a mapping Let f:X—Y be a mapping and AE7" and BETI"

fi(X,M) — (Y,N) is fuzzy r—M precontinuous and Then f(A) is a fuzzy set in Y, defined by

supzefﬂ(y)A(z) v iff N y) = @,
Haaxt 20104 62 302 FA)(y) = .
etE AL : 20106 118 10 0, otherwise,
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for y€Y and f'(B) is a fuzzy set in X, defined by
1 (B)(z) =B(f(z)), zEX.

A smooth topology [2, 4 on X is a map T:1% — 1
which satisfies the following properties:

(1) 7(0)=7(1)=1.

(2) T(A, N A)= T(A) A T(A,) for A, A, =T,

(3) T(U A4,)=> A T(4,) for A, T

The pair (X,7) is alled a smooth topological space.

Let X be a nonempty set and rE(0,1]1=f. A fuzzy
family M:I% —7 on X is said to have a fuzzy r
-minimal structure [5] if the family

M=AAsTY : M(A)=r)

contains 0 and 1.

Then the (X,M) is called a fuzzy r-minimal space
(simply r-FMS) [5]. Every member of M, is called a
fuzzy r-minimal open set. A fuzzy set A is called a
fuzzy r-minimal closed set if the complement of A
(simply, A€) is a fuzzy r-minimal open set.

Let (X,M) be an r-FMS and r €(0,1]1=Z,. The fuzzy
r-minimal closure of A4, denoted by mC(A4,r), is defined
as

mC(A,r)=N{BE 1" B°€ M and Ac B)AI.

The fuzzy r-minimal interior of 4, denoted by miI(A4,
r), is defined as

ml(A,r)=U{BE I BE M and B A4l

Theorem 2.1 ([5]). Let (X, M) be an r—FMS and A,B
€ I ¥, Then the following properties hold:

(1) mI(4,7) S A and if A is a fuzzy r—minimal open

set, then mI(A,r)=A.

(2) AcmC(A,r) and if A is a fuzzy r-minimal

closed set, then mC(A4,r)=A4.

(3) If A< B, then mI(A4,r) SmlI(B,r) and mC(A,r) =

mC(B,r).
(4) mI(AN B,r)=ml(A,r) NmI(B,r) and mC(A4,r)U
mC(B,r)SmC(4A U B,r).

(5) mImI(A4,r),r)=mI(A,r) and mC(mC(A4,r),r)= mC
(A,r).

(6) 1-mC(4,r)=mI(1-4,r) and 1-mlI(A4,r)=mC(1-4,
7).

Let (X,M) be an r-FMS and A€ I~ Then a fuzzy
set A is called a fuzzy r-minimal preopen set [3] in
X if A<ml(mC(A, r),r).

A fuzzy set A is called a fuzzy r-mimimal spre-
closed set if the complement of A is fuzzy r-minimal
preopen. We showed that any union of fuzzy r-minimal
preopen sets is fuzzy r—minimal preopen [3].

For A€ 71* mpC(A,r), mpl(A4,r), respectively, are
defined as the following:

mpC(A,r)=N{FETY ACF F is fuzzy r-minimal
preclosed}.

mpl(A,r)=U{BEIY. BcC A, B is fuzzy r-minimal

precopen.

Theorem 2.2 ([3]). Let (X,M) be an r—-FMS and A, F
e 7% Then
(1) mpl(A4,r) = A<mpC(A4,r).
(2) If A< B, then mpl(A4,r) Smpl(B,r) and mpC(A4,
r) SmpC(B,r).
(3) A is fuzzy r—minimal preopen iff mpl(A4,r)=A.
(4) F is fuzzy r-minimal preclosed iff mpC(F,r)=F.
(5) mpl(mpl(A,7),r)=mpl(4,7) and mpCmpC(A4,r),
r)=mpC(4,r).
(6) mpC(1-A4,r)=1-mpl(A,r)
-mpC(A4,r).

and mpI(IfA,r)zi

3. Main Results

We recall the concepts of several types of fuzzy r
-minimal compactness introduced in [6]. Let (X, ) be
an r-FMS and A={4, €7 J). A is called a fuzzy
r-minimal cover if U{A;iE J)=1.1Itis a fuzzy r-min-
imal open cover if each A, is a fuzzy r-minimal open
set. A subcover of a fuzzy r-minimal cover A is a
subfamily of it which also is a fuzzy r-minimal cover.
A fuzzy set A in X is said to be fuzzy r-minimal com-
pact if every fuzzy r-minimal open cover A={4, €
M i€ J} of A has a finite subcover. A fuzzy set 4 in
X is said to be almost fuzzy r-mimimal compact if for
every fuzzy r-minimal open cover A={4,E 71 Yieg
of A, there exists J,={j,, j,, ---, j,} S J such that A<
Uiey mC(4,,7). A fuzzy set A in X is said to be
nearly fuzzy r-minimal compact if for every fuzzy r
-minimal open cover A={4,i € J} of A, there exists J,
=1, Jor *vy Ju) S J such that AS U, ,ml(mC(4;,7),
7).

Definition 3.1. Let (X,M) be an r-FMS and A={4, €
1€ )} a fuzzy r-minimal cover. It is a fuzzy r
-minimal preopen cover if each A, is a fuzzy r
-minimal preopen set.
Definition 3.2. Let (X,M) be an »-FMS. A fuzzy set
A in X is said to be

(1) fuzzy r-minimal precompact if every fuzzy r
-minimal preopen cover A={A,€ M€ J} of A
has a finite subcover;

(2) almost fuzzy r-minimal precompact if for every
fuzzy r—minimal preopen cover A={4, € I ¥ € J}
of A, there exists J={j;, Jy, -, j,} S J such
that A< U, mpC(4;,r);

(3) nearly fuzzy r-minimal precompact if for every
fuzzy r-minimal preopen cover A={4, € Y€ J}
of A, there exists J={j;, jo, -, j,JEJ such
that A< U, mpl(mpC(4;,r),r).
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Let (X,M) and (Y;N) be r—~FMS’s. Then a mapping
f:(Xx;M) — (Y,N) is said to be fuzzy r-M pre-
continuous [3] if for each point z, and each fuzzy r
-minimal open set V containing f(z,), there exists a
fuzzy r-minimal preopen set U containing z, such that
(e v
Theorem 3.3 ([3]). Let f:(X,M) — (Y;N) be a map-
ping on fuzzy r-minimal spaces (X,M) and (Y,NV).
Then the following are equivalent:

(1) fis fuzzy r-M precontinuous.

(2) £YV) is a fuzzy r-minimal precopen set for

each fuzzy r-minimal open set VVin Y .
(3) £ YUB) is a fuzzy r-minimal precclosed set for
each fuzzy r-minimal closed set B in Y .

(4) f(mpC(A4,r) SmC(f(A),r) for AT,

(5) mpC(f Y B),r) S f Y(mC(B,r)) for BE 7.

6) fYml(B,r) Smpl(f *(B),r) for BEI".
Theorem 3.4. Let f:(X,M) — (Y;N) be a fuzzy r—M
precontinuous mapping on two r—-FMS's. If A is a fuz-
zy r-minimal precompact set, then f(A4) is fuzzy r
-minimal compact.

Proof. Let {B, €1 Y:i€ J} be a fuzzy r-minimal open

cover of f(A4) in Y. Then since f is a fuzzy r—-M pre—
continuous mapping, {fﬁl(BL-)IiE Jb is a fuzzy r
-minimal preopen cover of A in X. Since A is fuzzy r
-minimal precompact, there exists a finite subset .J=
{1, Jo» =, J, S J such that A< UiEJ“ffl(B,;). It im-
plies f(A)< U, B; for the finite subset ., of J, and
hence f(A) is fuzzy r-minimal compact.
Theorem 3.5. Let f:(X,M) — (Y;N) be a fuzzy r—M
precontinuous mapping on two r—FMS's. If A4 is an al-
most fuzzy r-minimal precompact set, then f(A4) is
almost fuzzy r-minimal compact.

Proof. Let {B,€ I € .J} be a fuzzy r-minimal open
cover of f(A) in Y. Then {f "(B):i € J} is a fuzzy r
-minimal preopen cover of 4 in X. By almost fuzzy r
-minimal precompact, there exists a finite subset .J=
{41, Gy» =» 4,3 € J such that A< U, , mpC(f ' (B)),r).

From Theorem 3.3 (5), it follows

Uie, mpCUf (B, 1) E U, fH(mC(B,, 7))
=1 (U,c,mC(B, ).

So f(A)= U,c,mC(B;,r) and f(A) is almost fuzzy
r—minimal compact.
Definition 3.6. Let f:(X,M) —(Y,N) be a fuzzy
mapping on two r—-FMS's. Then f is said to be fuzzy
r—M ~preopen if for each fuzzy r-minimal preopen set
Uin X, f(U) is fuzzy r-minimal open.
Theorem 3.7. Let f:(X,M) — (Y;N) be a fuzzy map-
ping on two r-FMS's.

(1) f is fuzzy r-M —preopen.

(2) fmpl(A,7) SmI(f(A),r) for AE I,

(3) mplf '(B),r) S f '(mI(B),r) for BEI".
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Then (1) = (2) & (3).
Proof. (1)= (2) For A€ I¥,

Fmpl(A),r)=f(U{BEI*:BC A, B is fuzzy
r—preopen})
=U{f(BETY (B S f(A), f(B) is
fuzzy r-minimal open}
cuUluer’vcf(d), Uis fuzzy
r—minimal open}
= ml(f(A4),r)
Hence f(mplI(A),r) SmlI(f(A),r).
(2) = (3) For BEI7, from (3) it follows that
F@mpI(f~1(B),r) SmI(f(f(B)),r) SmI(B,r).
This implies (3).
Similarly, we get the implication (3) = (2).
Example 3.8. Let X=17 and let N be the set of all
natural numbers. For n€ N, consider each fuzzy set

n
= e
A, (x) per I
And
Alx)=z, xE I
il,ifozAn,
. n
Def M(o) = -~
efine Mo) =1, 4,251,
0, otherwise.
S0t g4
Mp)={3
3 otherwise.

Consider the identity mapping f:(X,M) — (X,N).
Then f satisfies the condition (2) of the above Theorem

1 ..
3.7. For the fuzzy 5*1’1’]11’11mal preopen set A, f(A)=A

. 1 . . .
is not fuzzy E—Immmal open in (X,N). Therefore, f is

1 *
not fuzzy EfM —preopen.

Let X be a nonempty set and M:IX—17T a fuzzy
family on X. The fuzzy family M is said to have the
property (0) [5] if for 4,€ M (i € J),

M(U A)= A M(A).

Theorem 3.9 ([5]). Let (X, M) be an »-FMS with the
property (U). Then

(1) mI(A4,r)=A if and only if A€ M, for Ae T,

(2) mC(A,r)=A if and only if 1-AE M, for A€,
Corollary 3.10. Let f:(X,M) — (Y,N) be a fuzzy
mapping on two r—-FMS’s. If V has property (), then
the following are equivalent:

(1) f is fuzzy r-M —preopen.

(2) fmpl(A,7) SmI(f(A4),r) for A=

(3) mpl(f "(B),r) < f {(ml(B,r) for BE T,
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Theorem 3.11. Let a mapping f: (X, M) — (V;N) be
fuzzy r—-M precontinuous and fuzzy r—M*—preopen on
two r-FMS's. If 4 is a nearly fuzzy r-minimal pre—
compact set, then f(A) is a nearly fuzzy r-minimal
compact set.

Proof. Let {B, €1 Y:i€ J} be a fuzzy r-minimal open
cover of f(A) in Y. Then {f "(B):i € J} is a fuzzy r
-minimal preopen cover of A in X. By nearly fuzzy r
-minimal precompactness, there exists J,={j;, j;, -,
j,} € J such that A< U, mplmpC(f " (B,),r),r).

From Theorem 3.3 (5) and Theorem 3.7 (2), it fol-
lows

fA= U, f(mpI(mpC(f~ 1 (B,),r),r))
€ Ujey, mI(fmpCUf~ (B,),r)),7)
S Uy, mi(f(f (mC(B;,r)),r)
S Uiy, ml(mC(B,;,r),r).

Hence f(A) is a nearly fuzzy r-minimal compact set.
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