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Abstract

In this paper, the notions of pairwise fuzzy regular Gg -sets and pairwise fuzzy regular Fj -
sets are introduced and by means of pairwise fuzzy regular Gg -sets, the concept of pairwise

weak fuzzy P-spaces, is introduced and studied. Several characterizations of pair wise weak
fuzzy P-spaces are obtained and the conditions under which pairwise weak fuzzy P-spaces

become pair wise fuzzy Baire spaces and pair wise fuzzy second category spaces, are established.

1. Introduction

In order to deal with uncertainties, the idea of fuzzy sets, fuzzy set
operations was introduced by L. A. Zadeh [17] in his classical paper in the
year 1965. The potential of fuzzy notion was realized by the researchers and
has successfully been applied in all branches of Mathematics. The concepts of
fuzzy topology was defined by C. L. Chang [3] in the year 1968. The paper of
Chang paved the way for the subsequent tremendous growth of the numerous
fuzzy topological concepts. Since then, much attention has been paid to
generalize the basic concepts of general topology in fuzzy setting and thus a
modern theory of fuzzy topology has been developed.

In 1989, the concepts of regular Gy -sets was introduced by J. Mack [5]. A.
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Kandil [4] introduced the concept of fuzzy Dbitopological spaces as a
generalization of fuzzy topological spaces. The concept of pairwise fuzzy
P-spaces was introduced by G. Thangaraj and V. Chandiran in [12]. In this
paper the notions of pairwise fuzzy regular Gg-sets and pairwise fuzzy
regular Fj -sets are introduced and by means of these concepts, the notion of
pairwise weak fuzzy P-spaces, is introduced and studied. In this paper
several characterizations of pairwise weak fuzzy P-spaces, are studied and
the conditions under which pairwise weak fuzzy P-spaces become pair wise

fuzzy Baire spaces and pair wise fuzzy second category spaces, are
established.

It is also established that the pair wise fuzzy regular Gy -sets in pair wise

weak fuzzy P-spaces are pair wise fuzzy somewhere dense sets. It is
established that if the fuzzy bitopological space is the pair wise weak fuzzy P-
space, then the pairwise fuzzy weakly regular Lindelofness of the
bitopological space implies the pairwise fuzzy almost regular Lindelofness of

the bitopological space and vice-versa.
2. Preliminaries

In order to make the exposition self-contained, some basic notions and

results used in the sequel are given. In this work by (X, T') or simply by X,
we will denote a fuzzy topological space due to Chang (1968). Let X be a non-

empty set and I, the unit interval [0, 1]. A fuzzy set A in X is a function from

Xinto I. The null set Ox is the function from X into I which assumes only the
value 0 and the whole fuzzy set 1x is the function from X into I which takes

1 only. By a fuzzy bitopological space (Kandil, [4]) we mean an ordered triple
(X, T}, Ty), where T} and Ty are fuzzy topologies on the non-empty set X.

Definition 2.1[3]. Let A and p be fuzzy sets in X. Then, for all x € X,
@ A =p < Mx) = plx),
(i) & < p o M) < p(x)

(i) ¥ = L v pu < ¥(x) = max {M(x), u(x)),
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iv) 8§ = A A p < P(x) = min{M(x), w(x)},
W) =2 <) =1-rx)
For a family {);/i € I} of fuzzy sets in (X, T'), the union y = v;(};) and
intersection & = A;(};), are defined respectively as
(vi) W(x) = sup; {A;(x)/x € X},
(vi)) 8(x) = inf;{};(x)/x € X}.
Definition 2.2[1]. Let (X, T') be a fuzzy topological space and A be any

fuzzy set in (X, T). The interior and the closure of A are defined respectively

as follows:

(1) int(A) = viu/p <A, n e T} and

i) clh) = Afjp/r <p1-peT}

Lemma 2.1[1]. For a fuzzy set A of a fuzzy topological space X,

(1) 1 - Int(r) = ClIQ1 - 1),

(i) 1 - CIxr) = Int(1 — 1)

Definition 2.3[12]. A fuzzy set A in a fuzzy bitopological space
(X, T}, Ty) is called a pairwise fuzzy open set if A e T;(i =1, 2). The

complement of pairwise fuzzy open set in (X, 7}, T,) is called a pairwise

fuzzy closed set.

Definition 2.4[6]. A fuzzy set A in a fuzzy bitopological space (X, 77, T5)
is called a pairwise fuzzy dense set if clpyclp, (M) = clpecly(h)=1, in
(X, R, Tp).

Definition 2.5[6]. A fuzzy set A in a fuzzy bitopological space (X, 77, T5)
is called a pairwise fuzzy nowhere dense set if intp clp, )

= intT2 Chi()”) = 0, n (X, 7’1, T2)

Definition 2.6[8]. Let (X, 77, T5) be the fuzzy bitopological space. A
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fuzzy set A defined on X is called a pairwise fuzzy first category set if
L =viZ1(%;), where (A;)’s are pairwise fuzzy nowhere dense sets in
(X, T1, Ty). Any other fuzzy set in (X, T3, T5) is said to be a pairwise fuzzy
second category set in (X, T}, T5).

Definition 2.7[8]. If A is a pairwise fuzzy first category set in the fuzzy
bitopological space (X, 77, T5), then the fuzzy set (1 —A) is called a pairwise
fuzzy residual set in (X, T3, T5).

Definition 2.8[12]. A fuzzy set A defined on X in the fuzzy bitopological
space (X, 17, Ty) is called a pairwise fuzzy Gs-set if A = A;j21(};), where
(A;)’s are pairwise fuzzy open sets in (X, 7, T5).

Definition 2.9[12]. A fuzzy set A defined on X in the fuzzy bitopological
space (X, T, Ty) is called a pairwise fuzzy F-set if A =v;Z1(};), where
(A;)’s are pairwise fuzzy closed sets in (X, 77, T5).

Definition 2.10[2]. A fuzzy set A defined on X in the fuzzy bitopological
space (X, Ty, Ty) is called a pairwise fuzzy regular open set in (X, T, Ty), if

intyy clp, (M) = A =inty, clp (), in (X, T3, 7). That is, intp clr; )
=M (G@=#jand i, j=1,2)

Definition 2.11[2]. A fuzzy set A defined on X in the fuzzy bitopological
space (X, 77, Ty) is called a pairwise fuzzy regular closed set in (X, 73, T5),

if clp inty (M) =1 =clp, int7;(A), in (X, T3, 7). That is, clryclr; ™)
=M (G@=#jand i, j=1,2)

Definition 2.12[14]. A fuzzy set A defined on X in the fuzzy bitopological
space (X, T;, Ty) is called a pairwise fuzzy regular Gs-set in (X, 77, Ty), if
A = A= (intg, clr, (M) (@ #J and i, j =1, 2) where (A;)’s are fuzzy sets in
(X’ Tl’ T2)

Definition 2.13[14]. A fuzzy set p defined on X in the fuzzy bitopological
space (X, T, Ty) is called a pairwise fuzzy regular Fj-set in (X, T}, Tp), if
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A= Vi(elp intTj (up))@ # j and i, j =1, 2) where (u)’s are fuzzy sets in
(X’ 771’ TZ)

Definition 2.14[12]. A fuzzy set A defined on X in the fuzzy bitopological
space (X, Ti, Tp) is called a pairwise fuzzy somewhere dense set in

(X, Ty, Ty), if (intq clr, (A)#0( # j and i, j =1, 2). That is, A is a pairwise
fuzzy somewhere dense set in (X, Ty, 7Ty), if intyclp () =0 and
intg, clp (M) # 0, in (X, T, Ty).

Definition 2.15[9]. A fuzzy bitopological space (X, 77, Ty) is said to be a
pairwise fuzzy strongly irresolvable space if clp; inty, (1) = 1 = clp, intg (1)

for each pair wise fuzzy dense set A in (X, 17, T5).

Definition 2.16[8]. A fuzzy bitopological (X, 77, T5) is called a pairwise
fuzzy Baire space if intg[vi_; (Ag)] = 0, (i =1, 2), where (A;,)’s are pair wise
fuzzy nowhere dense sets in (X, 77, T3).

Definition 2.17[8]. A fuzzy bitopological (X, 73, T5) is called a pairwise
first category space if the fuzzy set 1x is a pairwise fuzzy first category set in
(X, T1, Ty). That is, X =vj,_; (), where (A;)’s are pairwise fuzzy nowhere
dense sets in (X, 77, Ty). Otherwise (X, T}, Tp) will be called a pairwise
fuzzy second category space.

Definition 2.18[12]. A fuzzy bitopological space (X, T}, T5) is called a
pairwise fuzzy P-space if every non-zero pairwise fuzzy Gs-set in (X, 77, T5),
is a pairwise fuzzy open set in (X, 7}, Ty). That is, if A = Aj_;(A;), where
(Ag)’s are pairwise fuzzy open sets in (X, 77, T,), then X is a pairwise fuzzy

open set in (X, T3, Ty).

Definition 2.19[13]. A fuzzy set A in the fuzzy bitopological space
(X, Ty, T5,) is called a pair wise fuzzy c-nowhere dense set if A is a pair wise
fuzzy Fj-set in (X, Tj, Tp) such that intg intp, (1) = intg, intz; (1) = 0, in
(X, 1y, Tz).
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Definition 2.20[16]. A fuzzy bitopological (X, T, T,) is called a pair
wise fuzzy o-Baire space if intp[vi_; (A4)] =0, (i =1, 2), where (1;)’s are
pair wise fuzzy c-nowhere dense sets in (X, 73, T5).

Definition 2.20[11]. A fuzzy bitopological space (X, T}, T5) is called a
pairwise fuzzy D-Baire space if inty clp, (Vi— (A)) = intg, clp (V=i (M)
= 0, where (A;)’s are pair wise fuzzy nowhere dense sets in (X, 77, T5).

Definition 2.20[9]. A fuzzy bitopological space (X, 77, Ty) is said to be a

pairwise fuzzy almost resolvable space, if vj_; (A;) = 1, where the fuzzy sets
(Ax)’s in (X, Tj, Ty) are such that intgp(h)=0, (@ =1,2). Otherwise
(X, Ty, Ty) is called a pairwise fuzzy almost irresolvable space.

Theorem 2.1[14]. Let (X, T1, Ty) be the fuzzy bitopological space.

(a) If M is a pair wise fuzzy open set in (X, Ty, T5), then CLI;.(K) (i=12)is
a pair wise fuzzy regular closed set in (X, Ty, Ts).

®) If w is a pair wise fuzzy closed set in (X, Ty, Ty), then

inty (1) (0 = 1, 2) is a pair wise fuzzy regular open set in (X, Ty, Ty).

Theorem 2.2[14]. If A is a pairwise fuzzy regular Gg-set in the fuzzy
bitopological space (X, 77, T) if and only if 1 — A is a pairwise fuzzy regular
F,-setin (X, Ty, T5).

Theorem 2.3[14]. Let (X, T1, Ty) is a fuzzy bitopological space.

(1) If » is a pairwise fuzzy regular Gs-set in (X, Ty, Ty), then
L= Ap-1(8;), where (8)’s are pair wise fuzzy regular open sets in
(X, 7, Tp).

(2) If p is a pairwise fuzzy regular Fg-set in (X, T;,Ty), then

B =vi_1(up), where (u)’s are pair wise fuzzy regular closed sets in

(X’ Tl’ TZ)'
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Theorem 2.4[10]. If clcly, (M) =1 and clp,cly (M) = 1, for a fuzzy set . in
the pair wise fuzzy strongly irresolvable space (X, Ty, Ty), then cly r=1
and clp, () =1 in (X, Ty, T5).

Theorem 2.5[14]. If L is a pairwise fuzzy regular Gs-set in the fuzzy
bitopological space (X, Ty, Ty), then L is a pair wise fuzzy Gg-set in
(X, Ty, Ty).

Theorem 2.6[14]. If L is a pairwise fuzzy regular Fg-set in the fuzzy
bitopological space (X, Ty, Ty), then L is a pair wise fuzzy Fj-set in
(X, 1y, Tp).

Theorem 2.7[9]. If . is a pair wise fuzzy dense and pair wise fuzzy G -set
in the pair wise fuzzy strongly irresolvable space (X, Tj, T), then 1 -\ is a
pairwise fuzzy first category set in (X, Ty, To).

Theorem 2.8[8]. If the fuzzy bitopological space (X, Ty, Ty) is a pair wise
fuzzy Baire space, then (X, Ty, Ty) is a pair wise fuzzy second category space.

Theorem 2.9[13]. If L is a pair wise fuzzy Gs-set such that
clpy(M) =1, (i =1, 2), in the fuzzy bitopological space (X, Ti, Tp), then 1—\
is a pair wise fuzzy first category set in (X, Ty, T5).

Theorem 2.10[13]. In the fuzzy bitopological space (X, 77, Ty), the fuzzy
set A is a pair wise fuzzy c-nowhere dense set in (X, 77, T5) if and only if
(1 — 1) is a pair wise fuzzy dense and pair wise fuzzy Gs-set in (X, T}, T5).

Theorem 2.11[9]. If the fuzzy bitopological space (X, Tj, Ty) is the
pairwise fuzzy second category space, then (X, Ty, Ty) is the pairwise fuzzy
almost irresolvable space.

Theorem 2.12[11]. If the pairwise fuzzy first category set A, is a pairwise
fuzzy closed set, in the pairwise fuzzy Baire space (X, Ty, T,), then

(X, Ty, Ty,), is the pairwise fuzzy D-Baire space.
Theorem 2.13[15]. If A is a pair wise fuzzy somewhere dense set in the
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fuzzy bitopological space (X, Ti, Ty), then el intTj 1-2)=1G=J and
i,j=1,2),in (X, Ty, Tp).

Theorem 2.14[7]. If inty, intTj(k) =0,(0,j=1,2 and i # j) where \ is

a pairwise fuzzy Fg-set in the pairwise fuzzy submaximal space (X, Tq, Ty),

then (X, Ty, Ts) is the pairwise fuzzy P-space.
3. Pairwise Weak Fuzzy P-Spaces

Definition 3.1. A fuzzy bitopological space (X, 77, Ty) is called a pair

wise weak fuzzy P-space if Aj_; (A;) is a pair wise fuzzy regular open set in

(X, Ty, Ty), where (L)’s are pair wise fuzzy regular open sets in (X, T}, T5).
That is, intg, clfj[/\f:l (A2 = [Ae1 Ap)]G@ = j and i, j =1, 2).

Example 3.1. Let X = {a, b, ¢}. Consider the fuzzy sets A, u, y and B

defined on X as follows
A : X —[0,1] is defined as AMa) = 0.4, A(b) = 0.5, A(c) = 0.6,
p: X — [0, 1] is defined as p(a) = 0.6, u(b) = 0.4, u(c) = 0.5,
y: X — [0, 1] is defined as y(a) = 0.5, y(b) = 0.6, y(c) = 0.4,
B: X — [0, 1] is defined as B(a) = 0.8, y(b) = 0.5, y(c) = 0.4.
Then,
=0, 0L AVILAVY, UV AAAAY, RAY [ AV )]
AV AV Ly v Aaw) [uv Ayl v Ay
Ay Ayl [Avipvy] 1} and
=007 AvLAVB Y VB AAYL Y AR V(AR Avyvp] 1}

are fuzzy topologies on X. On computation, A, 7, Av 7y, A Ay, [y A0 v )
v Ay yAB [Av(y AB), are pair wise fuzzy open sets in (X, T}, T5).
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Also,

inty clp[y A (A v W] = inty, clp[y AL v )] =y A (A v ),
intg clpy[h v (wAay)] =intg, clp[hv (way)] =2 v (way),
inty clpy[y AB] = intg, cly[y AB] =7 A B,

inty; el [ v (y A B)] = intg, el Do v (0 A B =% v (7 A B).

Thus [y AAv )l [Av@Aay) (v AB) [Av(y AB)] are pair wise fuzzy

regular open sets in (X, 77, Tp). Also on computation one can find that
[ A Gy WA (ATIA G ABADY (G AB)D and ya(vy) is a pair
wise fuzzy regular open set in (X, 77, Ty ). Thus the fuzzy bitopological space
(X, Ty, Ty) is a pair wise weak fuzzy P-space.

Proposition 3.1. A fuzzy bitopological space (X, Tj, Ty) is a pair wise

weak fuzzy P-space if Vi_1 (ug) is a pair wise fuzzy regular closed set in

(X, T, T5), where (up)’s are pair wise fuzzy regular closed sets in
(X’ Tl’ T2)

Proof. Let the fuzzy bitopological space (X, 77, T5) be a pair wise weak
fuzzy P-space. Then, intg clpj[/\f:l M) =AMy Wp)]@ #J and i, j =1, 2),
where (Aj)’s are pair wise fuzzy regular open sets in (X, 77, T5).

Now, 1-intg clf, (A1 M) = [Af=r (M)l in (X, T, Tp) and this
implies that clz, intr, 1 —[A%=r W) =1—[A%=y Ap)]@ = j and i, j =1, 2).
Then, cly, inty, [Vies @ =Ap)] = [V @=22)]@G#j and i, j=1,2). Let

up =1—-2%p. Since (Ag)’s are pair wise fuzzy regular open sets in

(X, T1, Tp), (uz)’s are pair wise fuzzy regular closed sets in (X, T3, T5).
Thus, one can find that clp inty, Vi1 )] = [Vi=1 (Ag)](@ #j and
i,j=1,2), where (ug)’s are pair wise fuzzy regular closed sets in

(X, i, T5), and this implies that vj_; (uz) is a pair wise fuzzy regular
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closed set in (X, T3, T5).

Conversely, suppose that vj_; (u;) is a pair wise fuzzy regular closed set

in (X, Ti, Tp), where (u;)’s are pair wise fuzzy regular closed sets in
(X, T3, Ty). Then, clyy inty;[vi_y (ue)] = [Viz1 ()@ = and 4, j =1, 2).
This implies that 1-—clp inty, [Vie1 (up)]=1-[Vie (up)]@ #j and
t,j=12) and then, inty clp[l-[viy (up)ll =1-[Via ()l in
(X, 7y, T3). By the Lemma 2.1, intp Ch’j[/\?eozl 1-w)] = A — ), in

(X, T}, Ty). Let Aj, =1 — . Since (u)’s are pair wise fuzzy regular closed
sets in (X, 77, T5), (A1,)’s are pair wise fuzzy regular open sets in (X, 77, T5).

' ) w oo .
Thus, one can find that inty, clp, [Nie1 (W) = [Afoe; )@ = j  and
i, j =1, 2), where (A)’s are pair wise fuzzy regular open sets in (X, 77, T5).

Hence the fuzzy bitopological space (X, 77, T5) is a pair wise weak fuzzy

P-space.

Proposition 3.2. If the fuzzy bitopological space (X, Tj, Ty) is a pairwise
weak fuzzy P-space, then cly[vi—y (M) = vi=ilelp ()] (@ = 1, 2) where the
fuzzy sets (\},)’s are pair wise fuzzy open sets in (X, Ty, Ty).

Proof. Let (A;,)’s be pair wise fuzzy open sets in (X, 7, T5). Then, by
the Theorem 2.1, [clg; (M)}, (i = 1, 2) are pair wise fuzzy regular closed sets
in (X, Ty, Ty). Since (X, Ty, Ty) is the pairwise weak fuzzy P-space, by the
Proposition 3.1, vi_y [cln(hy)] is a pair wise fuzzy regular closed set in
(KT T) Then,  cly intyy [y (cly)] = Vil = ) and
i, j=1,2), in (X, 11, Ty). Now clyy inty, [Vi=1 (el ()]
< cly ity [Es (el 00)] = VElely ) and then cl inty [Vt ()]

< Vi=1(elp(hy)). Since (A)’s are pairwise fuzzy open sets in (X, Tj, Tp),
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inty[Ar]=21,( =1,2) and inty[viy (Az)] 2 vii[inty (0g)] = viZ (M)
and then vip_; (Ap) <intp[vii; ()l But [vi— (Ag)] > intp [Vi (Ag))
This implies that, intp[vi_; (Az)] = viZ1(Ag). Thus, clp, inty, [V ()]
= cl[Vim ()] and  clp[vioy (A)] < visi (el (hg)). But Vi (clry(hz))

< clp[vie ()}

Hence in the pairwise weak fuzzy P-space (X, Tj, Ty), clp[vi—y (Ap)]
= Vi=1(clp (M), where (1;)’k are pair wise fuzzy open sets in (X, 77, Ty).

Proposition 38.3. If the fuzzy bitopological space (X, Ty, Ty) is the
pairwise weak fuzzy P-space, then intp[ag_; (up)] = Af=1[inty ()]

(i =1,2) where the fuzzy sets (u;)’s are pair wise fuzzy closed sets in

(X’ Tl’ TZ)'
Proof. Let (uy)’s be the pair wise fuzzy closed sets in (X, 73, T5).

Then, [1-pg]’s are pair wise fuzzy open sets in (X, 7}, 7). Since
(X, Ty, Ty) is the pairwise weak fuzzy P-space, by the Proposition 3.2,

clp[vimr =)l = visleln, 1 -pp)) G =1, 2). This  implies  that
el N (-] = VEalely -] and  then  1-intg[ny Guy)
1o Af(intgGy)  Hence intplnEy ()] = AE intr(up), G = 1, 2
where the fuzzy sets (u,)’s are pair wise fuzzy closed sets in (X, 77, T5).
Proposition 3.4. If the fuzzy bitopological space (X, Ty, Ty) is a pair

wise fuzzy P-space, then (X, Ty, Ty) is a pair wise weak fuzzy P-space.

Proof. Let (A;)’s (k=1 to ) be pair wise fuzzy regular closed sets in
the fuzzy bitopological space (X, 7}, T,). Since the pair wise fuzzy regular
closed sets in (X, T, Ty) are pair wise fuzzy closed sets, (A;)’s (k=1 to )

are pair wise fuzzy closed sets in (X, T, T5). Let A = vj_1(A1). Then, A is a
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pairwise fuzzy Fj-setin (X, 17, T5). Since (X, T, T5) is a pairwise fuzzy P-
space, by Theorem 3.1, A is a pairwise fuzzy closed set in (X, 7}, 7). Then,

cp(M)=Mi=1,2) and then ¢l =(viy (Ag)) = vi=i(hg)  Now
el nt [ Vi ()] < el Vs O] = Vi () (=12, implies  tha
cly, intTj[ Vi1 ()] < Vvi1(A) (1). Since (rj)’s are pair wise fuzzy regular
closed sets in (X, Ty, T5), clpy inty, (Ap)=Ap, (= j and i, j=1,2). This
implies that vy clp, intTj (Vie1 p)) = Vie1(hg) in (X, T, T5). Now
Vi1 (M) = Vizely, intq (M) < clpy inty, Vi1 ()] implies that
Vi=1 (\g) < el inty [viZ; (Ag)] (2). From (1) and (2), one will have that
cly, intp [Vi—y ()] = Vi1 (Ag), where (A)’s (k =1 to ) are pair wise fuzzy
regular closed sets in (X, T3, Ty).

Hence, by the Proposition 3.1, (X, T3, T5) is a pair wise weak fuzzy
P-space.

Remark. The converse of the above proposition need not be true. That is,
pair wise weak fuzzy P-spaces need not be pair wise fuzzy P-spaces. For

consider the following example.

Example 3.2. Let X = {a, b, ¢}. Consider the fuzzy sets A, p, y, o and B

defined on X as follows:
A : X — [0, 1] is defined as A(a) = 0.6, M(b) = 0.4, A(c) = 0.5,
u: X — [0, 1] is defined as p(a) = 0.4, wb) = 0.7, u(c) = 0.6,
y: X — [0, 1] is defined as y(a) = 0.5, y(b) = 0.3, y(c) = 0.7,
B: X — [0, 1] is defined as B(a) = 0.5, B(b) = 0.2, B(c) = 0.7.
a: X — [0, 1] is defined as a(a) = 0.5, a(b) = 0.4, afc) = 0.6.
Then, 73 = {0, &, b, V, AV ILAVY, UV, AL AAY, LAY, [y A (v )]

AV A@YvLy v Al [uv R Aay)l v @Ayl
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A AwAayl [Avipvyl 1} and
T =0, % B AVILAVB RVB AALAAR AR [BAR VW]
WAAVBLAAWVBLBYAAwL v AAB)L v @aB)
[ ApABL[hvivpl 1}

are fuzzy topologies on X. On computation, A, 4, AV L, AV Y, LV Y, A AL,

wAGAE oAyl Iy v @Al lov G aph v @Ayl vyl
AvB VB AR VBLAAWYVBLBY QAW v G ARV (wAB)
[ v u v B, are pair wise fuzzy open sets in (X, T}, T5).

Also, intg clp, [A] = intg, clp[A] = 2,
inty, clyy [ (v 7)] = intgy s oA (v 7)] = oA (1w ),
intg clp[r A (v B)] = intg, el [A A(uv B)] =2 A (uvB).

Thus A, [A A (uv )], [A A (u v B)] are pair wise fuzzy regular open sets in
(X, T1, T;). Also on  computation AAAA@EVYIALA@VB)
=[AA(uvPB)] and [A A (uvB)] is the pair wise fuzzy regular open set in
(X, T;, T5) implies that the fuzzy bitopological space (X, T3, 1) is the pair
wise weak fuzzy P-space. Now a=[Av(uAay)|aluvArAay)]aly v ap)
implies that a is the pair wise fuzzy Gs-set in (X, 77, T5). But a is not the
pairwise fuzzy open set in (X, T3, T5) and hence (X, 7}, T5) is not the pair
wise fuzzy P-space.

Proposition 3.5. If A is the non-zero pair wise fuzzy regular Gyg-set in the
pair wise weak fuzzy P-space (X, T}, Ty), then )\ is the pair wise fuzzy regular
open set in (X, Ty, T5).

Proof. Let (X, T3, T5) be the pair wise weak fuzzy P-space and A is the
pair wise fuzzy regular Gjs-set in (X, 71, T3). Then, A = Az (inty; clr, (*r))
(f#J and i, j=1,2) where (A;)’s are fuzzy sets in (X, T}, T5). Since

clr, (A)(j =1, 2) is the fuzzy closed set in (X, T}, Ty), by the Theorem 2.1,
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(intg [clTj (A)])’s are pair wise fuzzy regular open sets in (X, T}, Ty).
Let 8, = inty, [clT]. (Az)] Then (3;,)’s are pair wise fuzzy regular open sets

in (X, T}, Ty). Then L = Aj_1(8), where (5;,)’s are pair wise fuzzy regular
open sets in (X, T3, Ty). Since (X, Tj, T5) is a pairwise weak fuzzy P-space,

) is the pair wise fuzzy regular open set in (X, 73, 75).

Proposition 3.6. If p is the non-zero pair wise fuzzy regular Fj-set in the
pair wise weak fuzzy P-space (X, Ty, Ty), then u is the pair wise fuzzy regular
closed set in (X, Ty, T5).

Proof. Let p be the pair wise fuzzy regular Fg-set in (X, 77, Ty). Then,
by the Theorem 2.2, 1 — p is the pair wise fuzzy regular Gs-set (X, T3, Tp).

Since (X, Ty, T5) is the pair wise weak fuzzy P-space, by the Proposition
3.5, 1 —pu is the pair wise fuzzy regular open set (X, 77, Ty). Then, p is the

pair wise fuzzy regular closed set in (X, 77, T5).

Proposition 3.7. Let (X, 71, Ty) be the fuzzy bitopological space. Then,
(X, Ty, T5) is a pair wise weak fuzzy P-space if and only if each pair wise
fuzzy regular Gs-set in (X, Ty, Ty) is the pair wise fuzzy regular open set in
(X, Ty, Ty).

Proof. Let (X, T, Ty) be the pair wise weak fuzzy P-space and A is a
pair wise fuzzy regular Gs-set in (X, 77, T5). Then, by the Proposition 3.5, A
is the pair wise fuzzy regular open set in (X, 77, T5).

Conversely suppose that each pair wise fuzzy regular Gg-set in
(X, T}, T,) is a pair wise fuzzy regular open set in (X, 77, Ty). Let A be a
pair wise fuzzy regular Gs-set in (X, 77, Tp). Then, by the Theorem 2.4,
A = Ak-1(8y), where (8;)’s are pair wise fuzzy regular open sets in

(X’ 771’ TZ)

By the hypothesis, A is a pair wise fuzzy regular open set in (X, 71, T5).
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That is, intp clTj(k) =Mi#j and i, j=1,2). This implies that,

intp, Ch“j (Afz1 (B)) = Aj=1(8), where (8)’s are pair wise fuzzy regular

open sets in (X, 77, T5) and hence (X, T3, T5) is a pair wise weak fuzzy P-
space.

Proposition 3.8. Let (X, 71, Ty) be the fuzzy bitopological space. Then,

(X, T, T,) is a pair wise weak fuzzy P-space if and only if each pair wise

fuzzy regular Fg-set in (X, Ti, Ty) is the pair wise fuzzy regular closed set in
(X’ Tl’ TZ)'

Proof. The proof follows from the Proposition 3.6 and the Theorem 2.2.
Proposition 3.9. If \ is the non-zero pair wise fuzzy regular Gg-set in the

pair wise weak fuzzy P-space (X, Tj, Ty), then A\ is the pair wise fuzzy

somewhere dense set in (X, T, Ty).

Proof. Let A be the non-zero pair wise fuzzy regular Gs-set in
(X, Ty, Ty). Since (X, T, Ty) is the pair wise weak fuzzy P-space, the pair
wise fuzzy regular Gg-set A in (X, 17, T5) is the pair wise fuzzy regular open
set in (X, Tq, T5) and then intg clp(A) = A = intg, ¢l (M), in (X, T3, T5).
This implies that intz; c/p, () # 0 and intg clp,(A) # 0, in (X, 74, T5) and
hence A is the pairwise fuzzy somewhere dense set in (X, 7}, T5).

Definition 3.2. A fuzzy set A defined on X in the fuzzy bitopological space
(X, T, T,) is called a pairwise fuzzy cs dense set in (X, 77, Ty), if 1—X is

the pair wise fuzzy somewhere dense set in (X, 77, T5).

Proposition 3.10. If n is the non-zero pair wise fuzzy regular Fj-set in
the pair wise weak fuzzy P-space (X, T, Ty), then u is the pair wise fuzzy cs
dense set in (X, T1, Ts).

Proof. Let p be the non-zero pair wise fuzzy regular F-set in
(X, T}, Ty). Then, by the Theorem 2.2, 1 —p is the pair wise fuzzy regular
Gs-set in (X, T1, Ty). Since (X, T3, T5) is the pair wise weak fuzzy P-space,
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by the Proposition 3.8, 1 — p is the pair wise fuzzy somewhere dense set in

(X, T}, T,) and hence p is the pair wise fuzzy cs dense set in (X, 77, T5).

Proposition 3.11. If L is the non-zero pair wise fuzzy regular Gg-set in
the pair wise weak fuzzy P-space (X, Tj, Ty), then A is the pair wise fuzzy
regular open and pair wise fuzzy Gy-setin (X, Ty, Ty).

Proof. Let L be the non-zero pair wise fuzzy regular Gs-set in
(X, T1, Ty). Since (X, T, Ty) is the pair wise weak fuzzy P-space, by the
Proposition 3.6, the pair wise fuzzy regular Gg-set A in (X, 77, T3) is the pair
wise fuzzy regular open set in (X, 77, T5). By the Theorem 2.5, the pair wise
fuzzy regular Gs-set A in (X, 77, T5) is the pair wise fuzzy Gs-set in
(X, Ty, Ty).

Hence A is the pair wise fuzzy regular open and pair wise fuzzy Gjg-set in

(X, Ty, T»).

Proposition 3.12. If A is the non-zero pair wise fuzzy regular F-set in
the pair wise weak fuzzy P-space (X, Ti, T5), then X is the pair wise fuzzy
regular closed and pair wise fuzzy Fj-setin (X, Tq, Ts).

Proof. Let A be the non-zero pair wise fuzzy regular Fj-set in
(X, Ty, Ty). Since (X, T;, Tp) is the pair wise weak fuzzy P-space, by the
Proposition 3.6, the pair wise fuzzy regular Fg-set A in (X, 77, T3) is the pair
wise fuzzy regular closed set in (X, 7}, T5). By the Theorem 2.6, the pair
wise fuzzy regular F-set A in (X, T}, T) is the pair wise fuzzy Fj-set in
(X, 11, Tp).

Hence 2 is the pair wise fuzzy regular closed and pair wise fuzzy F-set
in (X, T’l, Tz)

Proposition 3.13. If the pair wise fuzzy regular Gg-set ) is the pair wise
fuzzy dense set in the fuzzy bitopological space (X, Ty, T), then

A = A= (inty, cl]}(kk)) (i#Jjand i, j =1, 2), where (A},)’s are fuzzy the pair
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wise dense sets in (X, 11, Ty).

Proof. Let A be the pair wise fuzzy regular Gg-set in the fuzzy
bitopological space (X, Tj, 7). Then, X = aj_(inty cl/p](kk)) (i#Jj and
i, j =1, 2) where (A;)’s are fuzzy sets defined on X in (X, 7}, Ty). By the
hypothesis, A is the pairwise fuzzy dense set in (X, 7}, T;). Then,
clr,clr, M)=1,0G#j and i,j=1,2) in (X, T, Ty). This implies that

cbpiclpj (Af=1 (intg; cbpj (Ap) =1. But cbpichwj (Ak=1 (intr, clTj (X))
< (Ape1 clpelr, (intr, clr; (X)) and then Aj_; chwiclpj(intr[z clr, (Az)) =1 and
then clycly, (intr, clr, (Az) =1, in (X, T3, Tp). Now clrcly, (intr, clr, (*z))
< clyyclr, (lTj (Ap)) = clr,clr; (Ay), and this implies that clrcly, () =1.
Hence (A;)’s are the fuzzy pair wise dense sets in (X, Tj, Tp). Thus,
A = A= (inty, Cl[‘](}\,k)) (i #Jj and i, j =1, 2), where (A)’s are fuzzy the pair
wise dense sets in (X, 77, T3).

Proposition 3.14. If A is the pair wise fuzzy dense and pair wise fuzzy
regular Gs-set in the fuzzy pairwise weak fuzzy P-space (X, Tj, Ty), then

(1 — &) is the pair wise fuzzy c-nowhere dense set in (X, Ty, Ty).

Proof. Let A be the pair wise fuzzy dense and pair wise fuzzy regular Gg -
set in (X, T3, T5). Since (X, 77, Tp) is the pair wise weak fuzzy P-space, by
the Proposition 2.5, the pair wise fuzzy regular Gs-set A is the pair wise
fuzzy Gs-setin (X, Tj, T5). Thus A is the pair wise fuzzy dense and pair wise
fuzzy Gs-setin (X, 77, T). Then, by the Theorem 2.10, 1 — A is the pair wise

fuzzy c-nowhere dense set in (X, 77, T5).

Proposition 3.15. If L is the non-zero pair wise fuzzy regular Gg-set in
the pair wise weak fuzzy P-space (X, Tj, Ty), then \ is the pair wise fuzzy
open set in (X, Ty, Ts).

Proof. Let % be the pair wise fuzzy regular Gs-set in (X, 77, T5). Since
(X, T, T)) is the pair wise weak fuzzy P-space, by the Proposition 3.5, A is
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the pair wise fuzzy regular open set in (X, 77, T5). Since the pair wise fuzzy

regular open set is the pair wise fuzzy open set in fuzzy bitopological spaces,
) is the pair wise fuzzy open set in (X, T}, T5).

Proposition 3.16. If ) is the non-zero pair wise fuzzy regular Gg-set in
the pair wise weak fuzzy P-space (X, Ti, Ty), clr; inty, 1-2)=211=j and
i,j=1,2),in (X, T, Tp).

Proof. The proof follows from the Proposition 3.9, and the Theorem 2.13.

4. Pairwise Weak Fuzzy P-Spaces and Other Fuzzy Topological
Spaces

Proposition 4.1. If the pair wise weak fuzzy P-space (X, T}, Ty) is the

pair wise fuzzy hyper connected space and pair wise fuzzy strongly
irresolvable space and (Mj)’s are the pair wise fuzzy open sets in (X, Ty, T5),

then ch}" [V(})eo=1 (}\’k)] =1in (X7 711? TZ)

Proof. Let (A;)’s be the pair wise fuzzy open sets in (X, 73, T5). Since
(X, T}, T,) is the pair wise weak fuzzy P-space, by the Proposition 3.2,
clp[Vi-1 ()] = Vi lel; (M), where the fuzzy sets (L;)’s are pair wise
fuzzy open sets in (X, 77, Ty). By the hypothesis, (X, 77, T5) is the pair wise
fuzzy hyper connected space, and then the pair wise fuzzy open sets (Aj)’s in
(X, T}, ;) are pair wise fuzzy dense sets in (X,77,75) and
clyelp, (M) = clpyely (M) =1, in (X, T1, Tp). Since (X, T, Tp) is the pair
wise fuzzy strongly irresolvable space, by the Theorem 2.4, chvl () =1 and
clp,(Me) =1, in (X, T3, Tp). That is, clp(Ar)=1, in (X, T}, Tp). Thus,

el [V 0] = VEalely () = Vi () = 1 and hence el [V ()] =1 in
(X’ 771’ TZ)

Proposition 4.2. If A is a pair wise fuzzy dense and pair wise fuzzy

regular Gg-set in the pair wise fuzzy strongly irresolvable and pair wise weak

fuzzy P-space (X, Ty, T5), then 1—\ is a pair wise fuzzy first category set in
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(X’ Tl’ TZ)'

Proof. Let A be a pair wise fuzzy regular Gy-set in (X, 77, Ty). Since
(X, 71, Ty) is the pair wise weak fuzzy P-space, by the Theorem 2.5, the pair
wise fuzzy regular Gs-set A in (X, 77, T5) is the pair wise fuzzy Gg-set in
(X, 7, Tp).

Thus A is a pair wise fuzzy dense and pair wise fuzzy Gy -set in the pair

wise fuzzy strongly irresolvable and pair wise weak fuzzy P-space
(X, T1, Ty). Then, by the Theorem 2.7, 1—A is the pair wise fuzzy first

category set in (X, T3, Ty).
Proposition 4.3. If A is a pair wise fuzzy dense and pair wise fuzzy
regular Gg-set in the pair wise fuzzy strongly irresolvable and pair wise weak

fuzzy P-space (X, T, Ty), then A\ is the pair wise fuzzy residual set in
(X’ Tl’ T2)

Proof. Let A be the pair wise fuzzy dense and pair wise fuzzy regular
Gs-set in (X, 71, Tp). Since (X, Tj, T5) is the pair wise fuzzy strongly
irresolvable and pair wise weak fuzzy P-space, by the Proposition 4.2, 1 — X is
a pair wise fuzzy first category set in (X, 7}, Tp). Then, 1-[1 — 4] is the
pairwise fuzzy residual set in (X, 7}, Ty). Hence X is the pair wise fuzzy

residual set in (X, Ty, T5).

The following Propositions give the conditions for the pairwise fuzzy
strongly irresolvable and pairwise weak fuzzy P-spaces to become pairwise
fuzzy Baire spaces.

Proposition 4.4. If intp;(1-2)=0( =1, 2), where A is the pair wise
fuzzy dense and pair wise fuzzy regular Gg-set in the pair wise fuzzy strongly
irresolvable and pair wise weak fuzzy P-space (X, Ti, Ty), then the fuzzy
bitopological space (X, Ty, Ty) is the pair wise fuzzy Baire space.

Proof. Suppose that A is the pair wise fuzzy dense and pair wise fuzzy
regular Ggs-set in (X, T, T5). Since (X, Ty, T5) is the pair wise fuzzy

strongly irresolvable and pair wise weak fuzzy P-space, by the Proposition
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4.2, 1—-) is the pair wise fuzzy first category set in (X, 7}, Ty). Then,

1-%=vj_1(Xy), where (A,)’s are pairwise fuzzy nowhere dense sets in
(X, T}, T3).  From the hypothesis, intp(1-2)=0(@=1,2). Thus,
inty (Vi1 () = 0@ =1, 2), where (1)’s are pairwise fuzzy nowhere dense
sets in (X, 77, Tp) implies that (X, 7}, T5) is the pair wise fuzzy Baire
space.

Proposition 4.5. If there exists a pair wise fuzzy dense and pair wise
fuzzy regular Gg-set in the pair wise fuzzy strongly irresolvable and pair wise
weak fuzzy P-space (X, Ty, Ty), then the fuzzy bitopological space (X, Ty, Ty)
is the pairwise fuzzy Baire space.

Proof. Let A be the pair wise fuzzy dense and pair wise fuzzy regular
Gs-set in (X, 71, Tp). Since (X, Tj, T5) is the pair wise fuzzy strongly
irresolvable space, for the pairwise dense set A, by the Theorem 2.4,
clp(Z)=1( =1,2). This implies that intp(1-1)=0(@=1,2). Since
(X, Ty, T) is the pair wise fuzzy strongly irresolvable and pair wise weak
fuzzy P-space, intr (1-2)=0( =1, 2) implies, by the Proposition 4.4, that
(X, Ty, T5,) is the pairwise fuzzy Baire space.

The following proposition give the conditions for the pairwise fuzzy

strongly irresolvable and pairwise weak fuzzy P-spaces to become pairwise
fuzzy second category spaces and pairwise fuzzy almost irresolvable spaces.

Proposition 4.6. If there exists a pair wise fuzzy dense and pair wise
fuzzy regular Gg-set in the pair wise fuzzy strongly irresolvable and pair wise
weak fuzzy P-space (X, Ty, Ty), then the fuzzy bitopological space (X, T1, Ty)
is the pairwise fuzzy second category space.

Proof. Let A be the pair wise fuzzy dense and pair wise fuzzy regular
Gs-set in (X, T}, Ty). Since (X, T, T5) is the pair wise fuzzy strongly
irresolvable space, for the pairwise dense set A, by the Theorem 2.4,
clp(M)=1(=1,2). This implies that intp(1-2)=0(=1,2). Since

(X, T, Ty) is the pair wise fuzzy strongly irresolvable and pair wise weak
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fuzzy P-space, inty (1-2)=0( =1, 2) implies, by the Proposition 4.4, that
(X, Ty, Ty) is the pairwise fuzzy Baire space. Then, by the Theorem 2.8,
(X, T;, Ty) is the pair wise fuzzy second category space.

Proposition 4.7. If there exists a pair wise fuzzy dense and pair wise
fuzzy regular Gg-set in the pair wise fuzzy strongly irresolvable and pair wise

weak fuzzy P-space (X, Ty, Ty), then the fuzzy bitopological space (X, Ty, T5)
is the pairwise fuzzy almost irresolvable space.

Proof. The proof follows from the Proposition 4.6 and the Theorem 2.11.

The following propositions give the conditions for the pairwise weak fuzzy
P-spaces to become pairwise fuzzy c-Baire spaces and pairwise fuzzy D-Baire

spaces.

Proposition 4.8. If clp(rp=1 (M) = 1( = 1, 2), where (A)’s (k=1 to
®©) are pair wise fuzzy dense and pair wise fuzzy regular Gg-sets in the fuzzy
pair wise weak fuzzy P-space (X, T, Ty), then (X, Ty, Ty) is the pair wise
fuzzy o-Baire space.

Proof. Let (A)’s (k=1 to ) be the pair wise fuzzy dense and pair wise
fuzzy regular Gg-sets in (X, T, Tp). Now clp[nj (M) =1, (=1, 2),
implies that 1- ch;[/\le (Az)] = 0. Then, Intr, (1 - [Aj=1 (Ag)]) = 0. This
implies that intz[vi_; (1 —2)] = 0. Since (X, T3, Tp) is the pair wise weak
fuzzy P-space, by the Proposition 3.14, for the pair wise fuzzy dense and pair
wise fuzzy regular Gs-sets (A)’s in (X, T3, T5)(1 — 1;,)’s are the pair wise
fuzzy o-nowhere dense sets in (X, T, T). Thus, intgp[vi_; (1-2z)] =0,
where (1 —1})’s are the pair wise fuzzy c-nowhere dense sets in (X, 73, T5),
implies that (X, 77, T5) is the pair wise fuzzy c-Baire space.

Proposition 4.9. If there exists a pair wise fuzzy dense and pair wise
fuzzy regular Gg-set in the pair wise fuzzy strongly irresolvable and pair wise
weak fuzzy P-space (X, Ty, Ty), then the fuzzy bitopological space (X, Ty, Ty)

is the pairwise fuzzy D-Baire space.
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Proof. Suppose that A is the pair wise fuzzy dense and pair wise fuzzy
regular Gs-set in (X, 77, T3). Since (X, Tj, T5) is the pair wise fuzzy
strongly irresolvable and pair wise weak fuzzy P-space, by the Proposition
4.2, 1—) is the pair wise fuzzy first category set in (X, 77, T5). By the

Proposition 3.15, the pair wise fuzzy regular Gg-set A in the pair wise weak
fuzzy P-space (X, Ti, T,), is the pair wise fuzzy open set in (X, 7}, T5) and
then 1—A is the pair wise fuzzy closed set in (X, 77, 75). By the Proposition
4.5, (X, Ty, Ty) is the pairwise fuzzy Baire space. Since the pairwise fuzzy

first category set 1 — A 1is the pair wise fuzzy closed set in the pairwise fuzzy
Baire space (X, T;,T5), by the Theorem 2.12, (X, 77, Tp) is the pairwise

fuzzy D-Baire space.
Proposition 4.10. If inty, inty, A)=0,07=1,2 and i # j) where ) is

a pair wise fuzzy regular Fs-set in the pairwise fuzzy submaximal then

(X, Ty, Ty) is the pairwise fuzzy P-space.

Proof. Suppose that A is the pair wise fuzzy regular Fj-set in
(X, ;, T). By the Theorem 2.6, A is the pair wise fuzzy Fg-set in
(X, Ty, Tp). Thus, intr, inty, A)=0,(Gj=12 and i # j) where A is the
pair wise fuzzy F-set in the pairwise fuzzy submaximal space (X, T3, T5).

Then, by the Theorem 2.14, (X, T3, T5) is the pair wise fuzzy P-space.

5. Pairwise Fuzzy Regular Lindelof Spaces, Pairwise Fuzzy Weakly
Lindelof Spaces and Pairwise Fuzzy Weak P-Spaces

Definition 5.1. A collection {A, : o € A} of pairwise fuzzy regular open
sets of the fuzzy bitopological space (X, 77, 1) is said to be pairwise fuzzy

regular cover of X if v ca{d,} =1.

Definition 5.2. A fuzzy bitopological space (X, Tj, T5) is called the
pairwise fuzzy weakly regular Lindelof space if for each cover {L, : a € A} of
X by pairwise fuzzy regular open sets in (X, 77, T5), there exists a countable

subset {o, :ne N} c A such that clpf VN{kan H=1,(E=12) in
ne
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(X’ Tl’ T2)'
That is, if vyep{hy} =1, where (L, )’s are pairwise regular open sets in

(X, T, Ty), then there exists a countable subset {a,, : n € N} < A such that
CLI'i [VneN {kan }] =1 (L =1 2) in (X’ n, T2)

Definition 5.3. A fuzzy bitopological space (X, Tj, T5) is called the
pairwise fuzzy almost regular Lindelof space if is each cover {A, : o € A} of X
by pairwise fuzzy regular open sets in (X, 77, T5), there exists a countable
subset {o, :ne N} A such that n;/N(chi[kan]) =1,(@=12) in

(X, T3, Tp).
That is, if vgea{ry} =1, where (A,)’s are pairwise regular open sets in
(X, T, Ty), then there exists a countable subset {a,, : n € N} < A such that

VneN(CLI} [kocn ]) =1 (L =1 2) in (X’ ]71’ TZ)

Definition 5.4. A fuzzy bitopological space (X, 77, Tp) is called the
pairwise fuzzy nearly Lindelof space if for each cover {A, : @ € A} of X by
pairwise fuzzy open sets in (X, 77, Tp), there exists a countable subset
{a,, : n € N} < A such that VN[intTi clr, P, 1=1 (G j=1,2 and i # j) in

ne
(X, T}, Ty). That is, if vycpafhy} =1, where (L,)’s are pairwise open sets in

(X, i, Ty), then there exists a countable subset {a,, : n € N} < A such that
VneNclrcly; Mo, t =10 j=12andi=j) in (X, T, T5).

Definition 5.5. A fuzzy bitopological space (X, Tj, T5) is called the
pairwise fuzzy almost Lindelof space if for each cover {A, : a € A} of X by

pairwise fuzzy open sets in (X, 77, Tp), there exists a countable subset

{a,, : n € N} < A such that VN[CLTL. Mo, 1=1,(=12) in (X, T}, T5). That
he

is, if vgepairg} =1, where (A, )’s are pairwise open sets in (X, 77, T), then
there exists a countable subset {a,:ne N}c A such that

VnENCLI;. {7\,0%} = 1, (l = 1, 2) in (X, 711, Tz)
Definition 5.6. A fuzzy bitopological space (X, 77, Tp) is called the
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pairwise fuzzy weakly Lindelof space if for each cover {L, : a € A} of X by
pairwise fuzzy open sets in (X, 77, T,), there exists a countable subset
{o, 1 n € N} c A such that clp, [n;/N{Kan}] =1,(@=12) in (X, Tj, T). That

is, if vgeafhy} =1, where (A, )’s are pairwise open sets in (X, 7}, T5), then
there exists a countable subset {o,:neN}c A such that

ch} [n;/N{}“(xn }] =1 (l =1, 2) in (X’ 1, TZ)

Proposition 5.1. If the fuzzy bitopological space (X, Ty, Ty) is the pair
wise weak fuzzy P-space, then (X, Ty, Ty) is the pair wise fuzzy weakly
regular Lindelof space if and only if (X, Ty, T5) is the pair wise fuzzy almost
regular Lindelof space.

Proof. Let (X, T;, T,) be the pair wise fuzzy weakly regular Lindelof

space.

Then, for the cover {L, : a € A} of X by pairwise fuzzy regular open sets,
there exists a countable subset {a,:ne N}c A such that
clp[Vnen tho, }1 =1, in (X, Ty, Tp). Since the pair wise fuzzy regular open
sets are pair wise fuzzy open sets in fuzzy bitopological spaces, (A,)’s are

pairwise open sets in (X, T, T5).
Since (X, T3, T5) is the pair wise weak fuzzy P-space, by the Proposition
3.2, clp[vi—1 ()] = Viaileln(W)) (G =1, 2), in (X, T3, Ty). Hence, for the

cover {A, :a € A} of X by pairwise fuzzy regular open sets, there exists a

countable subset {a,:n e Njc A such that v,cn(cip[r,, ])=1, in
(X’ 711’ TZ)

Hence (X, T3, T5) is the pair wise fuzzy (X, Tj, T5) is the pair wise fuzzy
almost regular Lindelof space.

Conversely, suppose that (X, 77, T;) be the pair wise fuzzy almost
regular Lindelof space. Then, for the cover {A, : o € A} of X by pairwise

fuzzy regular open sets, there exists a countable subset {o, :n e N} c A
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such that - clpfhg,]1=1, in (X, T, Tp). Since the pair wise fuzzy regular
ne

open sets are pair wise fuzzy open sets in fuzzy bitopological spaces, (A,)’s
are pairwise open sets in (X, T3, T5). Since (X, 77, Ty) is the pair wise weak
fuzzy P-space, by the Proposition 3.2, clp[Vio Ay, ]= Vialclnig, ]
(i=12), in (X, T1, T5). Hence, for the cover {A, : a € A} of X by pairwise
fuzzy regular open sets, there exists a countable subset {o, :n e N} c A
such that clp[ v A, }]=1, in (X, T, Tp). Hence (X, T}, Tp) is the pair
neN
wise fuzzy weakly regular Lindelof space.

Proposition 5.2. If the fuzzy bitopological space (X, Ty, Ty) is the pair
wise weak fuzzy P-space, and pair wise fuzzy nearly Lindelof space, then

(X, Ty, T5,) is the pair wise fuzzy weakly Lindelof space.

Proof. Let (X, T}, Ty) be the pair wise fuzzy nearly Lindelof space.
Then, for the cover {A, :a € A} of X by pairwise fuzzy open sets in
(X, T}, Ty), there exists a countable subset {a, :n e N} < A such that

v [elpelp g }1=1, G j=1,2 and i=#j) in (X,T;,T5). Now
neN ' 7 n
inty, clr, o, b < clr, {Lo,, }» implies that n;/Nch;chvj P, t < n;/Nchvj o, } and
then 1< v clp.{A, }. Thus, vuenclp.{ry } =1, in (X, T}, T). Since

neN ~J n 7 n

(X, T}, T,) is the pair wise weak fuzzy P-space, by the Proposition 3.2,
clpVier ()l = Vialel ()L 6=1,2),  in (X, T3, T) and  hence
clp[Vi-1 )] =1, in (X, T3, Ty). Hence, for the cover {L, : o € A} of X by

pairwise fuzzy open sets, there exists a countable subset {a, :n e N} < A

such that clp[ v (A, )] =1, in (X, T3, T3).
Y"JneN
Hence (X, T, T5) is the pair wise fuzzy weakly Lindelof space.

Conclusions

In this paper the notions of pairwise fuzzy regular Gy -sets and pair wise
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fuzzy regular F -sets are introduced and by means of pairwise fuzzy regular
Gs-sets, the notion of pair wise weak fuzzy P-spaces, is introduced and

studied. Several characterizations of pair wise weak fuzzy P-spaces, are
obtained. It is shown that pairwise fuzzy P-spaces are pair wise weak fuzzy
P-spaces. The conditions for the pairwise fuzzy strongly irresolvable and
pairwise weak fuzzy P-spaces to become pair wise fuzzy Baire spaces, pair
wise fuzzy second category spaces and pair wise fuzzy almost irresolvable
spaces, are established. It is also established that pair wise fuzzy regular

Gy -sets in pair wise weak fuzzy P-spaces are pair wise fuzzy somewhere
dense sets and the pair wise fuzzy regular F-are pair wise fuzzy cs dense

sets. The conditions for the pair wise weak fuzzy P-spaces to become pair
wise fuzzy o-Baire spaces and pairwise fuzzy D-Baire spaces, are also
obtained in this paper. It is established that if the fuzzy bitopological space is
the pair wise weak fuzzy P-space, then the pair wise fuzzy weakly regular
Lindelof ness of the bitopological space implies the pair wise fuzzy almost
regular Lindelofness of the bitopological space and vice-versa and the pair
wise fuzzy nearly Lindelof spaces are the pair wise fuzzy weakly Lindelof

spaces.
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