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1. Introduction

The theory of fuzzy sets was initiated by L.A.Zadeh in his
classical paper [9] in the year 1965 as an attempt to develop a
mathematically precise framework in which to treat systems or
phenomena which cannot themselves be characterized
precisely. The potential of fuzzy notion was realized by the
researchers and has successfully been applied for
investigations in al the branches of Science and Technology.
The paper of C.L.Chang [2] in 1968 paved the way for the
subsequent tremendous growth of the numerous fuzzy
topological concepts.

The concepts of a-generalized closed sets have been studied in
classical topology in [3]. In this paper we introduce the fuzzy
o—generalized,fuzzy weakly generalized and fuzzy generalized
a-nowhere dense sets and fuzzy a-generalized, fuzzy weakly
generalized and fuzzy generalized o —Baire spaces with
suitable examples.

2. Preliminaries:

Now review of some basic notions and results used in the
sequel. In thiswork by (X, T) or simply by X, we will denote a
fuzzy topologica space due to Chang [2].

Definition 2.1 [1] Let A and p be any two fuzzy sets in a fuzzy
topological space (X, T). Then we define:

Avp X - [0,1] as follows: Avp (X) = max {A(X), H(X)};

My X 5 [0,1] as follows: AAp (X) = min { A(X), u(X)};

W= o P(X) = 1- A(x).

For a family A4; € I of fuzzy sets in (X, T), the union Y = U; 4;
and intersection & = a; A; are defined respectively as ¢ (x) =
Sup;{A;(x), xeX}, and §(x) = Infi{A;(x), xeX}.

Definition 2.2 [2]: Let (X,T) be afuzzy topological space. For
a fuzzy set A of X, the interior and the closure of A are defined

respectively as int(d) =v{u\u<AueT and cl(l) =
AMu\A<u1—peT).

Definition 2.3 [3]: Let (X,T) be a topologica space. For a
fuzzy set A of X is a a-generalized closed set (briefly ag-
closed) if acl(A) < p whenever A < p and W is fuzzy open in X.

Definition 2.4 [8]: A fuzzy set A in a fuzzy topological space
(X,T) is called fuzzy dense if there exists no fuzzy closed set p
€ (X,T)suchthat A <p < 1. Thatis cl(A) = 1.

Definition 2.5 [7]: A fuzzy set A in a fuzzy topological space
(X,T) is called fuzzy nowhere dense if there exists no non-
zero fuzzy open set p in (X,T) such that p < cl(A). That is, int
cl(n) =0.

Definition 2.6 [7]: Let (X,T) be a fuzzy topological space. A
fuzzy set A in (X,T) is called fuzzy first category set if
A =Uj2; A;, where 4;’s are fuzzy nowhere dense sets in (X,T).
A fuzzy set which is not fuzzy first category set is called a
fuzzy second category setin (X,T).

Definition 2.7 [6] : A fuzzy topologica space (X,T) is called
fuzzy first category space if 1 =Uj2; A;, where 4; 's are
fuzzy nowhere dense setsin (X,T). A topologica space which
is not of fuzzy first category is said to be of fuzzy second
category space.

Definition 2.8 [7]: Let (X,T) be a fuzzy topologica space.
Then (X,T) is caled a fuzzy Baire space if int(Us2, (4;)) =
0, where (4;) ’s are fuzzy nowhere dense sets in (X,T).

Fuzzy o-generalized nowhere dense sets, Fuzzy weakly
generalized nowhere dense sets, Fuzzy generalized a-
nowher e dense sets

We introduce fuzzy o-generalized nowhere dense sets, fuzzy
weakly generalized nowhere dense sets, fuzzy generalized a-
nowhere dense sets with suitable examples.
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Definition 3.1: A fuzzy set A in a fuzzy topological space
(X,T) is called fuzzy a-generalized nowhere dense if there
exists no non-zero fuzzy a-generalized open set y in (X,T)
such that y < a-cl(A). That is, a-int a-cl(A) = 0.

Example 3.1: Let X = {ab,c}. The fuzzy sets A\, u and y are
defined on X asfollows:

A X —» [ 0,1] defined as A(a) = 0.8 ; A(b) =0.7; A(c) = 0.8.

i : X—» [0,1] defined as p(a) = 0.9 ; p(b) = 0.7; p(c) = 0.7.
y : X — [0,1] defined as y(a) = 0.8; y(b) = 0.7 ; y(c) = 0.7
Then T = {0, A, 1, ¥, (A v W),1} is fuzzy topology on X. The
fuzzy sets A, W, y, and AV are fuzzy o-open sets.

Now 1-A < Avp where AV is fuzzy a-open then a-cl(1-A)<
AVY,

1-pu < Avp where AV is fuzzy a-open then a-cl(1-p)< Avy,
1-y < Avp where Av isfuzzy a-open then a-cl(1-y) € AV,
1-AVU < Avu where AV is fuzzy a-open then a-cl(1-(Av))<
AV

1-A, 1-y, 1-y,1-Avp’s are fuzzy generalized closed sets.
Now o-int a-cl(1-A) = o-int (1-A) = 0,

a-int a-cl(1-p) = a-int(1-p) = 0,

a-int a-cl(1-y) = a-int(1-y) =0,

a-int a-cl[1-AVY] = a-int(1-(AV))=0

Therefore 1-A, 1-y, 1-y ,1-(Avp)’s are fuzzy a-generalized
nowhere dense sets.

Example 3.2 : Let X = {a,b,c}. The fuzzy sets A, i and y are
defined on X asfollows:

A X —[0,1] defined as A(a) = 0.8 ; A(b) = 0.6.
i: X —p [0,1] defined asp(a) = 0.9 ; p(b) = 0.7.
y : X —» [0,1] defined as y(a) = 0.9; y(b) = 0.9.

Then T ={0, A, W, v,1} is fuzzy topology on X. The fuzzy sets
A, I, and y are fuzzy o-open sets.

Now 1-A < y where AV is fuzzy a-open then a-cl(1-A)< v,
1-p < y where AV is fuzzy a-open then a-cl(1-p)< v,
1-y < ywhere Avp is fuzzy a-open then a-cl(1-y) < vy,

Now we define the fuzzy sets 3,0 and n on X asfollows:

B: X —»[0,1] defined as B(a) = 0.8 ; B(b) = 0.8.
6: X —»[0,1] defined as d(a) = 0.9; 4(b) = 0.8.
n: X — [0,1] defined as n(a) = 0.8 ; n(b) =0.7.

The fuzzy subsets B, 6 and n are not fuzzy a-generalized
nowhere dense sets. Since a-int a-cl(f) = 1# 0, a-int a-cl(8)
=1# Oand a-int a-cl(n) =1+ 0. Therefore (3, y and 1 are not
of fuzzy a-generalized nowhere dense set.

Definition 3.3: A fuzzy set A in a fuzzy topological space
(X,T) is called fuzzy weakly generalized nowhere dense if
there exists no non-zero fuzzy weakly generalized open set
in (X,T) such that p < cl(A). That is, int cl(A) = 0.

Example 3.3: Let X = {ab,c}. The fuzzy sets A, p and y are
defined on X asfollows:

A X—» [0,1] defined as A(a) = 0.9 ; A(b) =0.7; A(c) = 0.6.
H:X — [0,1] defined asp(a) = 0.8 ; p(b) = 0.9; p(c) = 0.5.
y: X —» [0,1] defined as y(a) = 0.9; y(b) = 0.8 ; y(c) = 0.8

Then T =40, A, 1, v, AV 1), (A A W), (Lvy), (HAY),1} isfuzzy
topology on X. The fuzzy sets A, 1, y, and AV [, A A |, UVy,
UAY are fuzzy open sets.

Now (1-A)<uvy = cl int (1-A) = cl(0)< pvy,

(L-pw)<pvy = clint (1-p) = cl(0)< pvy,

(1-y)<pvy = cl int (1-y) = cl(0)< pvy,

(L-Avp)<pvy = clint (1-Avy) = cl(0)< pvy,

(I-AA)<pvy = cl int (1-AAW) = cl(0)< pvy,

(1-puvy)<pvy = cl int (1-pvy) = cl(0)< pvy,

(1-pAy)<pvy = cl int (1-pAy) = cl(0)< pvy.

Where 1- A ,1-u ,1-y, 1-AVvY, 1-AAY, 1-pvy, 1-uAy’s are fuzzy
weakly generalized closed set.

Now Int ¢l (1-A) = int (1-A) =0,
Intcl (1- ) =int (1- w) =0,
Intcl (1-y) =int(1-y) =0,

Int cl (1-Avy) = int (1-Avp) =0,
Int cl (1-AAW) = int (1-AAR) =0,
Intcl (1- pvy) =int (1- puvy) =0,
Intcl (1- pAy) =int (1- pay) =0

Therefore 1- A, 1-p,1-y,1-(AV),1-(AAW),1-(UvY),1-(LAY)’S are
fuzzy weakly generalized nowhere dense set.

Example 3.4: Let X = {a,b,c}. The fuzzy sets A, 4 and y are
defined on X asfollows:

A X—» [ 0,1] defined as A(a) = 0.8 ; A(b) = 0.5.
M X —» [0,1] defined asp(a) =0.9; p(b) = 0.6.
y : X —» [0,1] defined as y(a) = 0.9; y(b) = 0.8.

Then T = {0, A, 1, y,1} is fuzzy topology on X. The fuzzy sets
A, I, and y are fuzzy open sets.

Now I-A<y=clint (1-A\)=0<Yv,
l-u<y=dint(1-u)=0<y,
l-y<y=dint(1-y)=0<y,

Now we define the fuzzy sets B, & and n on X as follows:

B: X — [0,1] defined as B(a) = 0.8 ; B(b) = 0.6.
6 : X —» [0,1] defined as d(a) = 0.8 ; &(b) = 0.7.
n: X —» [0,1] defined as n(a) =0.9; n(b) =0.7.

The fuzzy subsets B, 6 and ) are not fuzzy weakly generalized
nowhere dense sets. Since int cl(B) = 1£0, int cl(3) =1# 0 and
int cl(n) =1# 0. Therefore {3, y and n are not of fuzzy weakly
generalized nowhere dense set.

Definition 3.5: A fuzzy set A in a fuzzy topological space
(X,T) is called fuzzy generalized a-nowhere dense if there
exists no non-zero fuzzy generalized o —open set p in (X,T)
such that p < cl(A). That is, int cl(A) = 0.

Example 3.5: Let X = {a,b,c}. The fuzzy sets A, p and y are
defined on X asfollows:

A X —» [ 0,1] defined as A(a) = 0.9 ; A(b) =0.9; A(c) =0.8.
i : X—» [0,1] defined as p(a) = 0.8 ; p(b) = 0.7; p(c) = 0.6.
y : X —» [0,1] defined as y(a) = 0.9; y(b) =0.8; y(c) = 0.6

Then T = {0, A, 1, ¥, (A v W),1} is fuzzy topology on X. The
fuzzy setsA, W, y’s are fuzzy open sets.

Now 1-A< A = pisopen= cl (1-A) < A,
l-p<A=pisopen= cl (1-A) < A,
l-y<A=pisopen=cl (1-A) <A

1-A, 1-y, 1-y’s are fuzzy generalized a-closed set.
Now Int ¢l (1-A) = int (1-A)=0,

Intcl (1-p) =int (1-w)=0,

Int cl (1-y) =int (1-y)=0.
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Now 1-A, 1-y, 1-y’s are fuzzy generalized a-nowhere dense
Set.

Example 3.6: Let X = {a,b,c}. The fuzzy sets A, i and vy are
defined on X asfollows:

A X —» [ 0,1] defined as A(a) = 0.7; A(b) = 0.6.
i X —» [0,1] defined as p(a) = 0.8; u(b) = 0.6.
y : X — [0,1] defined as y(a) = 0.9; y(b) = 0.7.

Then T ={0, A, I, y,1} is fuzzy topology on X. The fuzzy sets
A, 4, and y are fuzzy open sets.

Now 1-A<y=cl (1-A) <,

lu<y=c(l-p=y,

Ly<y=cd@y)s=y,

Now we define the fuzzy sets 3, 6 and n on X as follows:

B: X — [0,1] defined asP(a) = 0.7 ; B(b) = 0.6.

6 : X —» [0,1] defined as d(a) = 0.8 ; &(b) = 0.6.

n: X — [0,1] defined as n(a) = 0.9 ; n(b) =0.7.

The fuzzy subsets B, 6 and n are not fuzzy generalized a-
nowhere dense sets. Since int cl(B) = 1£0, int cl(3) =1# 0 and
int cl(n) =1# 0. Therefore B, y and n are not of fuzzy
generalized a- nowhere dense set.

4. Fuzzy o-generalized Baire spaces, Fuzzy
weakly generalized Baire space, Fuzzy
generalized a-Baire space

We introduce fuzzy a-generalized Baire space, fuzzy weakly
generalized Baire space, fuzzy generalized a-Baire space with
suitable examples.

Definition 4.1: A fuzzy topologica space (X,T) is called
fuzzy a-generalized Baire space if int(Uj2, (4;)) = 0, where
(4;) ’s are fuzzy a- generalized nowhere dense setsin (X,T).

In example 3.1, The fuzzy sets 1-A, 1-y, 1-y ,1-(AVp)’s are
fuzzy a-generalized nowhere dense sets. Now o-int[(1-A) v (1-
W v (1-y) v (I-(AvWw)]= a-int(1-y) = 0. Therefore the fuzzy
topological space (X,T) is fuzzy a-generalized Baire space.

Definition 4.2: A fuzzy topologica space (X,T) is called
fuzzy weakly generalized Baire space if int(Ui2, (4;)) = O,
where (4;) ’s are fuzzy weakly generalized nowhere dense sets
in (X,T).

In example 3.3, The fuzzy sets 1-A, 1-y, 1-y ,1-(Avp),(1-
(AAR),1-(Uvy),1-(uAy)’s  are  fuzzy weakly generalized
nowhere dense sets. Now int[(1-A) v (1-u) v (1-y) Vv (1-
(Avi)) vV (LAAW)V (1-(uvy)V(I-(pAY))]= int(1-(AAp)) = O.
Therefore the fuzzy topological space (X,T) is fuzzy weakly
generalized Baire space.

Definition 4.3; A fuzzy topologica space (X,T) is called
fuzzy generalized a- Baire space if int(U2, (4;)) = 0,
where (4;) ’s are fuzzy generalized a-nowhere dense sets in
(X,T).

In example 3.5, The fuzzy sets 1-A, 1-y, 1-y’s are fuzzy
generalized a- nowhere dense sets. Now a-int[(1-A) v (1-Y) Vv
(1-y)]= int(1-p) = 0. Therefore the fuzzy topological space
(X,T) is fuzzy generalized a-Baire space.

5. Some relations of fuzzy a—generalized, fuzzy
weakly generalized Baire space and fuzzy
generalized o— Baire space:

Proposition 5.1: A fuzzy generalized a-Baire space is also a
fuzzy o-generalized Baire space.

Consider the following example.
Let X = {a,b,c}. The fuzzy sets A, u and y are defined on X as
follows:

A X —» [ 0,1] defined as A(a) = 0.9 ; A(b) = 0.7; A(c) = 0.6.
i X—» [0,1] defined aspu(a) = 0.8 ; p(b) = 0.5; p(c) = 0.4.
y : X—» [0,1] defined as y(a) = 0.7 ; y(b) = 0.6 ; y(c) = 0.6.

ThenT ={0, A, 14, ¥, (uvy),(UAY),1} is fuzzy topology on X.
1-A< A= Aisopen =cl (1-A) <A,

1-p<A=Aisopen =cl (1-p) <A,

1-y <A = Aisopen =cl (1-y) <A,

1-pvy <A = Aisopen =cl (1- pvy) < A,

1- pAy < A= Ais open =cl (1- pAy) < A

(2-N),(1-Ww),(1-y),(1- uvy),( 1-pAy)’s are fuzzy generalized o-
closed set.

Int cl (1-A) = int (1-A) =0,

Intcl (1-p) =int (1-p) =0,

Int cl (1-y) =int (1-y) =0,

Int cl (1-pvy) =int (1- pvy) =0,

Int cl (1- pAy) = int (1- pay) = 0.

(2-A),(1-),(1-y),(1- pvy),( 1-pAy)’s are fuzzy generalized o-
nowhere dense set.Now

Int [(1-A) V (1-W) V (1-y) V (1-pvy) V (1-pAy) =0

Int (1-puAy) = 0.

Therefore (X,T) is a fuzzy generalized a- Baire space. Now to
say that it is fuzzy a-generalized Baire space we have to show
that 1 is a-open Int clint (A) = A

Intclint (A) =intcl (A) =int (1) =1,

Intclint (u) =intcl (W) =int(1) =1,

Intclint (y) =intcl (y) =int (1) =1,

Int cl int (pvy) =int cl (uvy) =int (1) =1,

Int cl int (pAY) = int ¢l (uAY) = int (1) = 1.

Thus generalized a- Baire space is also a a-generalized Baire
space.

Proposition 5.2: A weakly generalized Baire space is aso a
generalized a- Baire space.

Consider a example.

Let X = {a,b,c}. The fuzzy sets A, 4 and y are defined on X as
follows:

A X —»[0,1] defined as A(a) = 0.9 ; A(b) = 0.9; A(c) = 0.8.
u: X —» [0,1] defined as p(a) = 0.8 ; u(b) = 0.7; p(c) = 0.6.
y : X —» [0,1] defined as y(a) = 0.9 ; y(b) = 0.8 ; y(c) = 0.6.

Then T ={0, A, J, y,1} is fuzzy topology on X.

Nowl-A <A = clint (1-A) =cl (0) <A,

l-p<A=clint (1-p) =cl (0) <A,

ly<A=cint(1-y)=cl (0) <A

(2-N), (1-p), (1-y)’s are fuzzy weakly generalized closed set.
Int cl int (1-A) = int (1-A) =0,

Intclint (1-p) =int (1-u) =0,

Intclint (1-y) = int (1-y) = 0.

(2-A), (1-w), (1-y)’s are fuzzy weakly generalized nowhere
dense set.

Int [((1-A) v (1-p) v (1-y)] = O

Int (1-y) = 0. Therefore (X,T) isafuzzy weakly generalized
Baire spaces. Now to say that it is generalized a- Baire space
we have to show that cl (A) <y ¥ pisopenin X.

(I-N) <A=p isopen=cl (1-A) <A,

(I-p) <A=pisopen= cl (1-y) <A,
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(1-y) <A= pisopen=cl (1-y) < A.

(2-N), (1-p), (1-y)’s are fuzzy generalized o- closed set.

Int cl int (1-A) = int (1-A) =0,

Intclint (1-p) =int (1-p) =0,

Int cl int (1-y) = int (1-y) = 0.

(2-A), (1-p), (1-y)’s are fuzzy generalized a- nowhere dense
set. Now

Int [((1-A) v (1-p) v (1-y)] = 0

Int (1-p) = 0. Therefore (X,T) is a fuzzy generalized a-baire
spaces.Thus weakly generalized baire space is also a
generalized a- baire space.

Proposition 5.3: A weakly generalized Baire space is adso a
o-generalized Baire space.

Consider an example.
Let X = {a,b,c}. The fuzzy sets A, u and y are defined on X as
follows:

A : X —» [ 0,1] defined as A(a) = 0.9 ; A(b) = 0.7; A(c) = 0.6.
i X —» [0,1] defined as pu(a) = 0.8 ; p(b) = 0.8; p(c) = 0.5.
y : X — [0,1] defined as y(a) = 0.8 ; y(b) = 0.8 ; y(c) = 0.8.

Then T = {0, A, 14, Y, AV, AAY, AAY, 1} is fuzzy topology on
X.

1-A< AVH =clint (1-A) = cl(0) = 0 < Avy,

1-p < AVp =clint (1-p) = cl(0) = 0 < AV,

1-y < AV =clint (1-y) = cl(0) = 0 < Avy,

1-AVU < AV =clint (1-Avp) =cl(0) = 0 < Avy,

1-AAR < AV =clint (1-AAQ) =cl(0) =0 < AV,

1-AAY < AV =clint (1-AAY) =cl(0) = 0 < AV
(2-N),(1-),(1-v),(1-AAY),(1-AV),(1-AAp)’s are fuzzy weakly
generalized closed set.

Int cl (1-A) = int (1-A) =0,

Intcl (1-p) =int (1-p) =0,

Intcl (1-y) =int (1-y) =0,

Int cl (1-Avy) = int (1-Avp) =0,

Int cl (1-AAW) = int (1-AAR) =0,

Int cl (1-AAY) =int (1-AAy) = 0.
(2-N),(1-),(1-y),(1-AAY),(1-AVW),(1-AAp)’s are fuzzy weakly
generalized nowhere dense set.

Int[ (1-A) v (1-) vV (1-y) V (1MW) V (1-AVY) V (1-AAY) =
0

Int (-AAp) = 0. (X,T) is a fuzzy weakly generalized Baire
space. Now to say that it is a-generalized Baire space we have
to show that it 1 a- is open and cl (A) < .

1-A <AV = AVl is 0-open = cl (1-A) < AV,

1-u <AV = AVl is 0-open = cl (1-) < AVY,

1-y <AV = Avu is a-open = cl (1-y) < Avy,

1-AVU< AVH = AV is a-open = ¢l (1-AV) < Avy,

1-AAW < AV = AV s a-open = ¢l (1-AAW) < AV,

1-Ay < AV = AV is a-open = ¢l (1-AAy) < AV
(1-N),(1-1),(1-y),(1-AAY),(1AVW),(1-AAW)'s - are
generalized closed set.

Int cl (1-A) = int (1-A) =0,

Intcl (1-p) =int (1-p) =0,

Intcl (1-y) =int (1-y) =0,

Int cl (1-Avy) = int (1-Avp) =0,

Int cl (1-AAW) = int (1-AAR) =0,

Int cl (1-AAY) =int (1-AAy) = 0.
(1-N),(1-1),(1-y),(1-AAY),(1-AVR),(1-AAW)'s - are
generalized nowhere dense set.

Int[ (I-A) Vv (1-p) V (1-y) V (I-AAW) V (1-Av) V (1-AAY)]=
0

Int (1-AAp) = 0. (X,T) is a fuzzy a-generalized Baire space.
Thus weakly generalized Baire space is also a-generalized
Baire space.

Conclusion

In this paper, we introduce a concept fuzzy a-generalized,
fuzzy weakly generalized Baire space and fuzzy generalized a-
baire space, Further some relation between them and
illustrated with some examples.

fuzzy

fuzzy a-
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