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Abstract

In this paper, the concept of pairwise fuzzy almost GP-spaces is introduced by means
of pairwise fuzzy dense and pairwise fuzzy Gs-sets . It is shown that the pairwise fuzzy
almost GP-spaces are pairwise fuzzy irresolvable spaces and pairwise fuzzy submaximal spaces
are pairwise fuzzy almost GP-spaces. Also it is established that the pairwise fuzzy strongly
irresolvable and pairwise fuzzy nodec spaces are pairwise fuzzy almost GP-spaces. The
conditions for the fuzzy bitopological spaces to become pairwise fuzzy o-second category spaces
and pairwise fuzzy weakly Volterra spaces are also obtained.
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1. Introduction

The concept of fuzzy sets as a new approach for modelling uncertainties was
introduced by L.A.Zadeh [16] in his classic paper. C.L.Chang [3] introduced the
notion of fuzzy topological spaces. Almost GP-spaces in classical topology was
introduced by M.R.Ahmadi Zand [I]. A.Kandil [4] introduced the concept of fuzzy
bitopological spaces as a generalization of fuzzy topological spaces. Since then, several
bitopological notions are being generalised to the setting of fuzzy bitopological spaces.

The concept of pairwise fuzzy P-spaces was introduced by G.Thangaraj and
V.Chandiran in [II]. Several characterizations of pairwise fuzzy P-spaces are
established by the authors in [6]. In this paper, the concept of pairwise fuzzy almost
GP-spaces is introduced by means of pairwise fuzzy dense and pairwise fuzzy Gs-sets
Several characterizations of pairwise fuzzy almost GP-spaces are obtained. It is shown
that the pairwise fuzzy almost GP-spaces, are pairwise fuzzy irresolvable spaces and
pairwise fuzzy submaximal spaces are pairwise fuzzy almost GP-spaces. Also it is
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established that the pairwise fuzzy strongly irresolvable and pairwise fuzzy nodec
space, are pairwise fuzzy almost GP-spaces . The conditions for the pairwise fuzzy
almost GP-spaces spaces to become pairwise fuzzy irresolvable spaces are obtained.
The conditions for the fuzzy bitopological spaces to become pairwise fuzzy o-second

category spaces and pairwise fuzzy weakly Volterra spaces are also established.

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 X into /. 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, 1989) we mean an ordered triple (X, T, T5), where T and T; are fuzzy
topologies on the non-empty set X.

Definition 2.1 [3] Let A and u be fuzzy sets in X. Then, for all x € X:

() A= p e Mz) = p(z).

(ii)) A< p e Azx) < p(x).
(i) & = AV i & (x) = max{A(@), ju(x)}.
(iv) 0 = AA p < 0(z) = min{\(z), u(x)}.
(v) =X & n(x) = 1 - A(x).

For a family {)\; | ¢ € I} of fuzzy sets in (X,T), the union ¢» = V;()\;) and
intersection 0 = A;()\;) are defined respectively as

(vi) ¥(z) = sup{Ai(z) | =€ X}
(vii) 6(x) = inf;{\(z) | = € X}.

Definition 2.2 [2] 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:

(i) int(A\) =V{p|p <A peT}and
(i) d(\) = AM{u| A< 1-peT)
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Lemma 2.3 [2] For a fuzzy set A of a fuzzy topological space X:

(i) 1 —int(A) =cl(1 = N),
(i) 1 —cl(N) =int(1 —N).

Definition 2.4 [I1] A fuzzy set A in a fuzzy bitopological space (X, T7,T5) is called
a pairwise fuzzy open set if A € T; (i = 1,2). The complement of pairwise fuzzy open
set in (X, T, Ty) is called a pairwise fuzzy closed set.

Definition 2.5 [5] A fuzzy set A in a fuzzy bitopological space (X, T}, Ts) is called
a pairwise fuzzy dense set if clg, clr, (\) = clr,clr, () =1 1in (X, 11, T3).

Definition 2.6 [8] A fuzzy set A in a fuzzy bitopological space (X, T}, Ts) is called
a pairwise fuzzy nowhere dense set if intr, cly, (X) = intp,cly (N) = 0 in (X, 17, T5).

Definition 2.7 [8] Let (X,77,T3) be the fuzzy bitopological space. A fuzzy set A
defined on X is called a pairwise fuzzy first category set if A = V2, (A\x), where (A\g)’s
are pairwise fuzzy nowhere dense sets in (X, 77, T5). Any other fuzzy set in (X, 71, Ts)

is said to be a pairwise fuzzy second category set in (X, T7,Ts).

Definition 2.8 [8] If A is a pairwise fuzzy first category set in the fuzzy bitopological
space (X, T1,Ts), then the fuzzy set 1 — X is called a pairwise fuzzy residual set in
(Xu T17 T2) .

Definition 2.9 [11] A fuzzy set A defined on X in the fuzzy bitopological space
(X, T1,T3) is called a pairwise fuzzy Gs-set if A = A2, (Ax), where (A\;)’s are pairwise
fuzzy open sets in (X, T}, T5).

Definition 2.10 [I1] A fuzzy set A defined on X in the fuzzy bitopological space
(X, T, T) is called a pairwise fuzzy F,-set if A = V§2(\x), where (\;)’s are pairwise
fuzzy closed sets in (X, T, T3).

Definition 2.11 [II] A fuzzy set A defined on X in the fuzzy bitopological
space (X,T1,T5) is called a pairwise fuzzy somewhere dense set in (X,77,T5) if
int,cly,(A) # 0 (i # j and i,j = 1,2). That is., A is a pairwise fuzzy somewhere
dense set in (X, Ty, Ts) if intr, clp,(N) # 0 and intq,clr (A) # 0 in (X, 11, Ts).
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Definition 2.12 [I1] A fuzzy bitopological space (X, T, T3) is called a pairwise fuzzy
P-space if every non-zero pairwise fuzzy Gs-set in (X, T}, T5) is a pairwise fuzzy open
set in (X, 71,T5). That is., if A = A2 (Ax), where (\g)’s are pairwise fuzzy open sets
in (X, T}, T3), then A is a pairwise fuzzy open set in (X, 77, Ts).

Definition 2.13 [9] A fuzzy bitopological space (X, T1,Ts) is called a pairwise fuzzy
submaximal space if each pairwise fuzzy dense set in (X, T7,T5) is a pairwise fuzzy
open set in (X,T},73). That is., if A is a pairwise fuzzy dense set in the fuzzy
bitopological space (X, T1,7T3), then A € T; (i = 1,2).

Definition 2.14 [9] A fuzzy bitopological space (X,T7,T3) is said to be a pairwise
fuzzy strongly irresolvable space if clyinty, (A) = 1 = clpinty, (A) for each pairwise
fuzzy dense set A\ in (X, Ty, T3).

Definition 2.15 [9] A fuzzy bitopological space (X, T}, T3) is called a pairwise fuzzy
nodec space if every non-zero pairwise fuzzy nowhere dense set in (X, T3,T5) is a
pairwise fuzzy closed set in (X, Ty, T5).

Definition 2.16 [14] A fuzzy set A in the fuzzy bitopological space (X, T}, T3) is
called a pairwise fuzzy o-nowhere dense set if A is a pairwise fuzzy F,-set in (X, 71, 73)
such that intp inty, (A) = intrinty, (A) = 0, in (X, 11, T5).

Definition 2.17 [8] A fuzzy bitopological space (X, T3, T5) is called a pairwise fuzzy
irresolvable space if for each pairwise fuzzy dense set A in (X, Ty, T3), clpclp, (1—X) #
1 and ClT2ClT1(]_ — /\) 7é 1in (X, T17T2).

Definition 2.18 [8] A fuzzy bitopological space (X, Ty, T5) is called a pairwise fuzzy
Baire space if intr, (Vi2,(Ax)) = 0 (i = 1,2), where (\;)’s are pairwise fuzzy nowhere
dense sets in (X, 717, T3).

Definition 2.19 [8] A fuzzy bitopological space (X, T1,T5) is called a pairwise fuzzy
first category space if the fuzzy set 1x is a pairwise fuzzy first category set in
(X,T1,T). That is., 1x = V2,(A\x), where (A\z)’s are pairwise fuzzy nowhere
dense sets in (X, T1,T3). Otherwise (X, T3, T3) will be called a pairwise fuzzy second
category space.
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Definition 2.20 [14] Let (X,T,T3) be a fuzzy bitopological space. A fuzzy set A
in (X,T1,T3) is called a pairwise fuzzy o-first category set if A = Vg2, (\g), where
(Ax)’s are pairwise fuzzy o-nowhere dense sets in (X, 77,75). Any other fuzzy set in
(X,T1,T5) is said to be a pairwise fuzzy o-second category set in (X, T3, Ts).

Definition 2.21 [I4] A fuzzy bitopological space (X, T, T3) is called a pairwise fuzzy
o-first category space if the fuzzy set 1x is a pairwise fuzzy o-first category set in
(X,T1,T3). Thatis., 1x = V2, (Ag), where (A\g)’s are pairwise fuzzy o-nowhere dense
sets in (X, T1,T3). Otherwise (X,T1,T5) will be called the pairwise fuzzy o-second
category space.

Definition 2.22 [I1] A fuzzy bitopological space (X, T}, T3) is called a pairwise fuzzy
weakly Volterra space if A (Ax) # 0, where (A\x)’s are the pairwise fuzzy dense and
pairwise fuzzy Gs-sets in (X, T1,715).

Definition 2.23 [7] A fuzzy bitopological space ( (X, T3, T») is said to be the pairwise
fuzzy almost P-space if for each non-zero pairwise fuzzy Gg-set A in (X, T3, T5),
intrintr,(A) #0 (i # j and i,j = 1,2) in (X, T1,T3).

Theorem 2.24 [12] In the fuzzy bitopological space (X, T}, T3), the fuzzy set A is a
pairwise fuzzy o-nowhere dense set in (X, T3, Ts) if and only if 1 — X is a pairwise
fuzzy dense and pairwise fuzzy Gs-set in (X, 711, T3).

Theorem 2.25 [§] If A\ is a pairwise fuzzy nowhere dense set in the fuzzy
bitopological space (X, T7,Ts), then 1—\ is the pairwise fuzzy dense set in (X, 71, T3).

Theorem 2.26 [9] If A is the pairwise fuzzy dense and pairwise fuzzy Gs-set in the
pairwise fuzzy strongly irresolvable space (X, T}, Ts), then 1 — X is the pairwise fuzzy
first category set in (X, Ty, T5).

Theorem 2.27 [10] If the fuzzy bitopological space (X, Ty, T5) is the pairwise fuzzy
submaximal space and A is a pairwise fuzzy first category set in (X, Ty, Ts), then 1— X\

is the pairwise fuzzy Gs-set in (X, Ty, T5).

‘I")J ournal of Computational Mathematica Page 29 of



2456-8686, 5(2), 2021:025-040
https://doi.org/10.26524/cm104

Theorem 2.28 [10] If the fuzzy bitopological space (X, Ty, T5) is the pairwise fuzzy
submaximal space, then every pairwise fuzzy residual set is the pairwise fuzzy Gs-set
in (X, T, Ty).

Theorem 2.29 [I0] If the fuzzy bitopological space (X, Ty, T5) is the pairwise fuzzy
strongly irresolvable and pairwise fuzzy nodec space, then (X, 77, T5) is the pairwise

fuzzy submaximal space.

Theorem 2.30 [10] If every pairwise fuzzy Ggs-set is the pairwise fuzzy dense set
in the pairwise fuzzy submaximal and pairwise fuzzy strongly irresolvable space
(X,T1,T5), then (X,T1,T5) is the pairwise fuzzy Baire space.

Theorem 2.31 [10] If every pairwise fuzzy Gs-set is the pairwise fuzzy dense set in a
pairwise fuzzy strongly irresolvable and pairwise fuzzy nodec space (X, T}, T5), then
(X,T1,T5) is the pairwise fuzzy Baire space.

Theorem 2.32 [§] If the fuzzy bitopological space (X, T}, Ts) is a pairwise fuzzy
Baire space, then (X, T}, T3) is a pairwise fuzzy second category space.

Theorem 2.33 [15] If \ is the pairwise fuzzy o-first category set in (X, T}, Ts), then
there is a pairwise fuzzy F,-set ¢ in (X, T}, T3) such that A < 4.

Theorem 2.34 [15] If A2, (\x) # 0, where the fuzzy sets (\;)’s are pairwise fuzzy
dense and pairwise fuzzy Gs-sets in the fuzzy bitopological space (X,T7,T5), then
(X, T, Ty) is the pairwise fuzzy o-second category space.

Theorem 2.35 [13] If the fuzzy bitopological space (X, Ty, T5) is the pairwise fuzzy
o-second category space, then (X, T}, T3) is the pairwise fuzzy weakly Volterra space.

3. Pairwise Fuzzy Almost GP-spaces
Definition 3.1 A fuzzy bitopological space (X,T3,T5,) is said to be the pairwise

fuzzy almost GP-space if for each non-zero pairwise fuzzy dense and pairwise fuzzy
G(;—set A in (X,Tl,TQ), mtTlmtTj(/\) 7é 0 (Z 7& j and Z,j = ]_,2) in (X, Tl,T2>.
That is., (X, T3, T5) is the pairwise fuzzy almost GP-space if for the pairwise fuzzy
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Gs-set A with clp,clp,(N) = crpclp (N) = 1, in (X,T1,T3), intrintr,(A) # 0 and
intTQintTl ()\) 7é 0, in (X, Tl, Tz)

Example 3.2 Let X = {a,b,c}. Consider the fuzzy sets A\, u, v, @ and 5 defined on
X as follows:

A X — [0,1] is defined as A(a) = 0.6; A(b) =0.4; A(c) = 0.5,
p: X —[0,1] is defined as p(a) = 0.4;  u(b) =0.7; wu(c) = 0.6,
v : X —[0,1] is defined as y(a) = 0.5; ~(b) =0.3; ~(c)=0.7,
f: X —[0,1] is defined as f(a) = 0.5; [(b) =0.2; [(c) =0.7.
a: X —[0,1] is defined as a(a) =0.5; «a(b) =0.4; «a(c)=0.6

Then, Ty = {0, A, tt, Y, AV 1, ANV Y, 1 VY AN, ANy e Ay, y AAV ) e A (AV
VANV Y)YV AAp),u vV AAY)AV (AY)AA Ay, AV Vo, 1} and
Ty = {0, X, 41, BANV p, AV B puV BANp, AN By jp A B, BA ANV ), u A AV B), AN (uV
B), BV (AAR), uV (AAB), AV (UAB), AAuA B, AV uV 3, 1} are fuzzy topologies on X. On
computation, A, yi, AV g, AV, pVy, AR, pAAVY), ANV Y), 7V (AAR), pV (AAY), AV
(AY), AV, AV B, 1V B, tA(AV B), ANV B), BV (AAR), 1tV (AAB), AV (uAB), AV v 3
are pairwise fuzzy open sets in (X, 71, T3).

On computation, & = [AV (L AY)]A [V (AAY)] Ay V (AA )] implies that « is
the pairwise fuzzy Gs-set in (X, T3,75). Also clyclr, (o) = 1 and clp,cly (o) = 1, in
(X,T1,Ts). Hence « is the pairwise fuzzy dense and pairwise Gs-set in (X, Ty, T3).
Also intp,inty (o) = intp[AA (pV )] = XA (pV B) # 0 and intginty, (o) =
ity AN (uV B)] = AN (V) #0.

Now AN p=AVI)AAV)A@RVY)AXA (V) ApA AV E)] and then
A A is the pairwise fuzzy Gs-set in (X, 77,73). On computation one can find that
cryely, A p) =cp,(1—X) =1=X# 1 and clpclr,( A p) =clp (1—=X) =1-X # 1.
Hence AAp is the pairwise fuzzy Gs-set but not pairwise fuzzy dense set in (X, 77, T3).

Hence, for the pairwise fuzzy Gs-set and pairwise fuzzy dense set a in (X, T}, T3),
intrintr,(a) # 0 (i # j and i, j = 1,2) and this shows that (X, T1,T5) is the pairwise
fuzzy almost GP-space.
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Remark 3.3 It is to be noted that pairwise fuzzy almost GP-spaces need not be
pairwise fuzzy P-spaces. For, in example [3.2] « is the pairwise fuzzy Ggs-set in
(X,T1,T5). But « is not the pairwise fuzzy open set in (X,7},73) and hence
(X,T1,T5) is not the pairwise fuzzy P-space.

Proposition 3.4 If A is the non-zero pairwise fuzzy dense and pairwise fuzzy Gs-set
in the pairwise fuzzy almost GP -space (X,T7,T3), then 1 — X is not the pairwise
fuzzy dense set in (X, T3, T5).

Proof: Let A be the non-zero pairwise fuzzy dense and pairwise fuzzy Gs-set in
(X,T1,Ty). Since (X,T1,Ts) is the pairwise fuzzy almost GP-space, intg,intr, () #
0(#jandi,j=1,2)in (X,T1,T2). Now clycly, (1 — \) = 1 —intrintr(\) # 1
and hence 1 — X is not the pairwise fuzzy dense set in (X, T}, T3).

The following proposition shows that pairwise fuzzy nowhere dense and pairwise

fuzzy F,-sets in pairwise fuzzy almost GP-spaces are not pairwise fuzzy dense sets.

Proposition 3.5 If A is the non-zero pairwise fuzzy nowhere dense and pairwise
fuzzy F,-set in the pairwise fuzzy almost GP-space (X,77,T5), then A is not the
pairwise fuzzy dense set in (X, 77, T5).

Proof: Let A be the non-zero pairwise fuzzy nowhere dense and pairwise fuzzy
F,-set in (X, T}, T5). By the theorem [2.25] for the pairwise fuzzy nowhere dense set
A, 1 — X\ is the pairwise fuzzy dense set in (X,T,75). Also 1 — X is the pairwise
fuzzy Gs-set in (X, T1,T5). Since (X, T1,T3) is the pairwise fuzzy almost GP-space,
intinty, (1 —X) #0 (i # j and 4,j = 1,2) in (X, T1,T3). Then, 1 — clpcly,(X) # 0
and hence clr,clr;(X) # 1. Thus, X is not the pairwise fuzzy dense set in (X, Ty, T3).

The following proposition shows that pairwise fuzzy o-nowhere dense sets in

pairwise fuzzy almost GP-spaces, are not pairwise fuzzy dense sets.

Proposition 3.6 If A is the pairwise fuzzy o-nowhere dense set in the pairwise fuzzy
almost GP-space (X, T1,T5), then X is not the pairwise fuzzy dense set in (X, 77, T5).

Proof: Let A be the pairwise fuzzy o-nowhere dense set in (X, T}, Ts). Then, X is
the pairwise fuzzy Fj-set such that intr intr,(A) = 0 = intpinty, () in (X, 11, Th).
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Now clg,cly,(1—=A) = 1—intginty,(A) =1-0=1(i # jandi,j = 1,2) in (X, 11, T3).
This implies that 1 — X\ is the pairwise fuzzy dense and pairwise fuzzy Gs-set in the
pairwise fuzzy almost GP-space (X, T1,Ts). Now, inty,intr,(1—-X) # 0, in (X, T1, T3).
Then, 1 — cly,cly, (M) # 0 and hence clg,cl;(\) # 1 in (X, T1,T3). Thus, X is not the
pairwise fuzzy dense set in (X, 77, T5).

Proposition 3.7 If intrintr, (AR (Mk)) # 0, (i # j and i,j = 1,2), where (A\y)’s
are the pairwise fuzzy dense and pairwise fuzzy Gs-sets in the fuzzy bitopological
space (X,T1,T3), then (X, T, T3) is the pairwise fuzzy almost GP-space.

Proof: Let (Ax)’s (k = 1 to oo) be the pairwise fuzzy dense and pairwise
fuzzy Gs-sets in (X,T1,73). By the hypothesis, intrintr, (A3, (Ax)) # 0, (i #
j oand i,j = 1,2), intginty, (A2, (M) < AR, (intrintr, (M), implies that
A2y (intgyintr,(Ak)) # 0. Then intgintr, (Ay) # 0 and hence (X,T1,T3) is the
pairwise fuzzy almost GP-space.

Proposition 3.8 If A is the pairwise fuzzy dense and pairwise fuzzy Gs-set in the
pairwise fuzzy almost GP-space (X, T},7T3), then A is the pairwise fuzzy somewhere
dense set in (X, Ty, T5).

Proof: Let A be the pairwise fuzzy dense and pairwise fuzzy Gs-set in (X, T3, Ts).
Since (X,T1,T3) is the pairwise fuzzy almost GP-space, intrintr,(A) # 0, (i #
jand i,j = 1,2), in (X,T1,T3). Now intrintr,(A) < intgcly,(N) implies that
intr,cly,(A) # 0 and hence A is the pairwise fuzzy somewhere dense set in (X, T, T3).

Proposition 3.9 If A is the pairwise fuzzy dense and pairwise fuzzy Gs-set in the
pairwise fuzzy almost GP-space (X, T1, T3), then clyintr, (1—X) # 1, (i # jandi,j =
1,2), in (X, T1,T5).

Proof: Let A be the pairwise fuzzy dense and pairwise fuzzy Gs-set in (X, T3, Ts).
Since (X, T}, T») is the pairwise fuzzy almost GP-space and by proposition A s
the pairwise fuzzy somewhere dense set in (X, 7T1,Ts). Hence intr,cly;(\) # 0, (i #
jandid,j=1,2), in (X,T1,7) and then 1 — intg,cly, () # 1 and this implies that
clyinty, (1 —A) # 1, in (X, T1, T3).
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4. Pairwise Fuzzy Almost GP-spaces and Other Fuzzy Bitopological
Spaces

Proposition 4.1 If (X,7},7;) is the pairwise fuzzy almost GP-space, then
(X, T}, Ty) is the pairwise fuzzy irresolvable space.

Proof: Let A be the pairwise fuzzy dense and pairwise fuzzy Gs-set in (X, 77, Ts).
Since (X, Ty, T3) is the pairwise fuzzy almost GP-space and by the proposition ,
1 — X is not the pairwise fuzzy dense set in (X, 7T}, 73). Thus, for the pairwise fuzzy
dense set A in (X,T1,T), clrclr; (1 —X) # 1, (i # j and 4,5 = 1,2) implies that

(X,T1,T5) is the pairwise fuzzy irresolvable space.

Proposition 4.2 If (X, T}, T3) is the pairwise fuzzy almost P-space, then (X, T3, Ts)

is the pairwise fuzzy almost GP-space.

Proof: Let (Ax)’s (k = 1 to co) be the pairwise fuzzy dense and pairwise fuzzy
Gs-sets in (X,T3,T»). Then by the theorem 2.24] (1 — X\;)’s are pairwise fuzzy
o-nowhere dense sets in (X, 77, 73) and then V2, (1 — ) is the pairwise fuzzy o-first
category set in (X,7},73). By the theorem , there is a pairwise fuzzy F-set
0 in (X, Ty,T,) such that V2 (1 — A\y) < d. This implies that 1 — A2, (A\x) < 6
and 1 — 6 < AP2,(A) and then intrintr, (1 — 6) < intpintr, (A2, (Mx)). Since
1 — § is the pairwise fuzzy Gs-set in the pairwise fuzzy almost P-space (X, T}, Ts),
intrintr,(1 — &) # 0. This implies that intgintr, (A2, (Ax)) # 0, in (X, T, Ts).
Then by the proposition , (X,T1,T>) is the pairwise fuzzy almost GP-space.

Remark 4.3 The inter-relations between pairwise fuzzy P-spaces, pairwise fuzzy

almost P-spaces and pairwise fuzzy almost GP-spaces can be summarized as follows:

Pairwise Fuzzy
P-spaces

Pairwise Fuzzy . Pairwise Fuzzy
Almost P-spaces Almost GP-spaces
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Proposition 4.4 If the pairwise fuzzy Gs-sets are pairwise fuzzy dense sets in the
pairwise fuzzy irresolvable space (X,T1,T3), then (X,T7,T5) is the pairwise fuzzy
almost GP-space.

Proof: Let A\ be the pairwise fuzzy Gs-set in (X,77,T,). By the hypothesis, \ is
the pairwise fuzzy dense set in (X, T}, T5). Then ) is the pairwise fuzzy dense and
pairwise fuzzy Gs-set in (X, T}, T3). Since (X, T1,T3) is the pairwise fuzzy irresolvable
space, for the pairwise fuzzy dense set A in (X, T3, 75), 1 — X is not the pairwise fuzzy
dense set in (X, T1,T5). Thus clpclr, (1 —A) # 1, (i # j and 4,5 = 1,2) and this
implies that 1 —inty,inty, () # 1 and hence intrintr, (X) # 0, for the pairwise fuzzy
dense and pairwise fuzzy Gs-set in (X, 71, T3). Hence (X, Ty, T5) is the pairwise fuzzy
almost GP-space.

Proposition 4.5 If the pairwise fuzzy Gs-sets are pairwise fuzzy dense sets in the
pairwise fuzzy almost GP-space, then (X, T}, T») is the pairwise fuzzy almost P-space.

Proof: Let A be the pairwise fuzzy Gs-set in (X,T7,T3). By the hypothesis, A is
the pairwise fuzzy dense set in (X, T},7T5). Then A is the pairwise fuzzy dense and
pairwise fuzzy Gs-set in (X, T7,T5). Since (X, T1,T5) is the pairwise fuzzy GP-space,
intginty,(A) # 0, (i # j and 4,5 = 1,2), in (X, T1,T3). Thus, for the pairwise fuzzy
Gs-set A, intpintr,(A) # 0, in (X,T1,Ty), implies that (X,T1,T5) is the pairwise
fuzzy almost P-space.

The following proposition shows that pairwise fuzzy submaximal spaces are
pairwise fuzzy almost GP-spaces.

Proposition 4.6 If (X,77,7,) is the pairwise fuzzy submaximal space, then
(X,T1,T5) is the pair wise fuzzy almost GP-space.

Proof: Let A be the non-zero pairwise fuzzy dense and pairwise fuzzy Ggs-set in
(X,T1,Ty). Since (X,Ty,T5) is the pairwise fuzzy submaximal space, the pairwise
fuzzy dense set A is the pairwise fuzzy open set in (X,77,75) and then intr, (\) =
A (i = 1,2). This implies that intgintr,(A) = intr,(A\) = A # 0, (i # j and i,j =
1,2), Thus, for the pairwise fuzzy dense and pairwise fuzzy Gs-set A, intg,intz, (\) # 0
in (X, T1,T3), implies that (X, T}, T3) is the pairwise fuzzy almost GP-space.
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The following proposition shows that pairwise fuzzy strongly irresolvable and
pairwise fuzzy nodec spaces are pairwise fuzzy almost GP-spaces.

Proposition 4.7 If (X, T}, T3) is the pairwise fuzzy strongly irresolvable and pairwise
fuzzy nodec space, then (X, T}, T3) is the pairwise fuzzy almost GP-space.

Proof: Since (X, T},T3) is the pairwise fuzzy strongly irresolvable and pairwise
fuzzy nodec space and by the theorem [2.29] (X,T3,T3) is the pairwise fuzzy
submaximal space. By the proposition , (X, T, Ts) is the pairwise fuzzy almost
GP-space.

Proposition 4.8 If intrintr, (A2, (M) # 0, (i # j and i,j = 1,2), where (A\y)’s
are the pairwise fuzzy dense and pair wise fuzzy Gs-sets in the fuzzy bitopological
space (X,T1,Ty), then (X,Ti,Ts) is the pairwise fuzzy almost GP-space and the
pairwise fuzzy o-second category space.

Proof: Suppose that (\;)’s (k = 1 to 0o) are the pairwise fuzzy dense and pairwise
fuzzy Gs-sets in (X, Ty, T) such that intrintr, (A2 (M) # 0, (1 # jandi,j = 1,2).
Then by the proposition (X, T}, Ts) is the pairwise fuzzy almost GP-space. Since
intginty, (AR (M) < AR (Ak), A2 (Ae) # 0, in (X, T1,T3). Then by the theorem
2.34, (X, Ty, T,) is the pairwise fuzzy o-second category space.

Proposition 4.9 If intrintr, (A2, (M) # 0, (i # j and i,j = 1,2), where (A\y)’s
are the pairwise fuzzy dense and pair wise fuzzy Gs-sets in the fuzzy bitopological
space (X,T,Ty), then (X, T}, Ts) is the pairwise fuzzy almost GP-space and the
pairwise fuzzy weakly Volterra space.

Proof: The proof follows from the proposition [4.8 and the theorem [2.35]
Proposition 4.10 If each pairwise fuzzy Gs-set is the pairwise fuzzy dense set in the
pair wise fuzzy submaximal and pairwise fuzzy strongly irresolvable space (X, T}, T3),

then (X, Ty, T5) is the pairwise fuzzy Baire and pairwise fuzzy almost GP-space.

Proof: Let A be the pairwise fuzzy Gs-set in (X, Ty,Ts). By the hypothesis, A
is the pairwise fuzzy dense set in (X,7T7,T5). Since (X, T}, T») is the pairwise fuzzy
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strongly irresolvable and pairwise fuzzy submaximal space and by the theorem [2.30],
(X, T, Ty) is the pairwise fuzzy Baire space. Also since (X,77,T3) is the pairwise
fuzzy submaximal space and by the proposition 4.6} (X, 77,75) is the pairwise fuzzy
almost GP-space. Hence (X, T},T3) is the pairwise fuzzy Baire and pairwise fuzzy

almost GP-space.

Proposition 4.11 If each pairwise fuzzy Gs-set is the pairwise fuzzy dense set in the
pairwise fuzzy submaximal and pairwise fuzzy strongly irresolvable space (X, T}, T3),
then (X,T7,T5) is the pairwise fuzzy second category and pairwise fuzzy almost
GP-space.

Proof: The proof follows from the proposition and the theorem [2.32]

Proposition 4.12 If every pairwise fuzzy Gs-set is the fuzzy pairwise fuzzy dense set
in a pairwise fuzzy strongly irresolvable and pairwise fuzzy nodec space (X, Ty, T5),
then (X, T3, T5) is the pairwise fuzzy Baire and pairwise fuzzy almost GP-space.

Proof: The proof follows from the proposition [4.7] and the theorem [2.31]

Proposition 4.13 If each pairwise fuzzy Gs-set is the pairwise fuzzy dense set in the
pairwise fuzzy strongly irresolvable and pairwise fuzzy nodec space (X, T}, T5), then
(X, T1,T5) is the pairwise fuzzy second category and pairwise fuzzy almost GP-space.

Proof: The proof follows from the proposition [4.12] and the theorem [2.32]

Proposition 4.14 If )\ is the pairwise fuzzy dense and pairwise fuzzy Gs-set in the
pairwise fuzzy strongly irresolvable and pairwise fuzzy almost GP-space (X, T}, T3),

then the pairwise fuzzy first category set 1 — X is not the pairwise fuzzy dense set in

<X7T17T2)-

Proof: Let X be the pairwise fuzzy dense and pairwise fuzzy Gs-set in ( (X, 11, T3).
Since (X, T1,T5) is the pairwise fuzzy strongly irresolvable space and by the theorem
2.26] 1— X is the pairwise fuzzy first category set in (X, T3, T3). Also since (X, T}, T3)
is the pairwise fuzzy almost GP-space, intrintr,(\) # 0, (i # j and 4,j = 1,2). Now
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clr,clr, (1 — X) = 1 —intgjintr, (N) # 1 and this implies that 1 — A is not the pairwise
fuzzy dense set in ((X, 11, T5).

Proposition 4.15 If ) is the pairwise fuzzy dense and pairwise fuzzy Gs-set in the
pairwise fuzzy strongly irresolvable and pairwise fuzzy almost GP-space (X, T}, T3),
then X is the pairwise fuzzy residual set in (X, 71, T3) such that intg,intz,(X) # 0, (i #
jandi,j=1,2).

Proof: Let A be the pairwise fuzzy dense and pairwise fuzzy Gs-set in (X, T, T5).
Since (X, Ty, T5) is the pairwise fuzzy strongly irresolvable space and by the theorem
.26 1 — X is the pairwise fuzzy first category set in (X,73,7%) and then X is the
pairwise fuzzy residual set in (X, T}, T3). Also since (X, T}, T») is the pairwise fuzzy
almost GP-space, intr,intr,(A) # 0, (i # j and 4,7 = 1,2). Thus, X is the pairwise
fuzzy residual set in (X, 77, T5) such that intgintr,(X) #0, (i #j and i, j = 1,2).

Proposition 4.16 If X\ is the pairwise fuzzy first category set such that
intrintr,(A\) = 0, (i # j and 4,5 = 1,2) in the pairwise fuzzy submaximal space
(X,T1,T5), then X\ is not the pairwise fuzzy dense set in (X, T}, Ts).

Proof: Let A be the pairwise fuzzy first category set in (X, T},T3). Then by the
theorem , 1 — X is the pairwise fuzzy Gs-set in (X, 71, T3). Since intgintr, () =
0, (i # jand i,j = 1,2), clpcly; (1 — A) = 1 —intginty,(A) = 1 — 0 = 1 and then
1 — X is the pairwise fuzzy dense and pairwise fuzzy Gs-set in (X,T1,73). By the
proposition , the pairwise fuzzy submaximal space (X, Ty, T3) is the pairwise fuzzy
almost GP-space and then intg,inty, (1 —X) # 0. This implies that 1 — clg,cly, (M) # 0
and thus clr,cly;(A) # 1, in (X,T1,Ty)). Hence A is not the pairwise fuzzy dense set
in (X,71,T3)).

Proposition 4.17 If the pairwise fuzzy residual set A is the pairwise fuzzy dense
set in the pairwise fuzzy submaximal space (X, T1,T3), then intgintr, () # 0, (i #
j and Z,j = 1,2) n (X, Tl,TQ).

Proof: Let A be the pairwise fuzzy residual set in (X, 11, Ty) such that clr,clr; (\) =
1, (i # jand i,j = 1,2). Since (X,T7,T3) is the pairwise fuzzy submaximal space
and by the theorem [2.28 the pairwise fuzzy residual set \ is the pairwise fuzzy
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Gs-set in (X, T, T»). Hence A is the pairwise fuzzy dense and pairwise fuzzy Gs-set in
(X,T1,T3). By the proposition[4.6] the pairwise fuzzy submaximal space (X, T1, T5) is
the pairwise fuzzy almost GP-space and then intrintr, (\) # 0, (i # jand i,j = 1,2)
in (X, Ty, Ts).

Proposition 4.18 If A < 1—n, where ) is the pairwise fuzzy dense and pairwise fuzzy
Gs-set and 7 is the pairwise fuzzy Gs-set in the pairwise fuzzy strongly irresolvable
space (X,T1,T5), then (X,T1,T3) is not the pairwise fuzzy almost P-space.

Proof: Let A be the pairwise fuzzy dense and pairwise fuzzy Gs-set and 7 is the
pairwise fuzzy Gs-set in (X, T, T3). Since (X, T;,T3) is the pairwise fuzzy strongly
irresolvable space, for the pairwise fuzzy dense set A in (X, T1,T3), clyintr,(\) =
1, (i#jandi,j=1,2). Now A < 1—n implies that cly,intr, () < clgintr, (1 —n)
and then 1 < clpintr,(1 —n). That is., clgjintr;(1 —n) = 1. This implies that
1 — intgclr,(n) = 1. Then intrclr,(n) = 0. Since intgintr,(n) < intr.clr(n),
intg,inty;(n) = 0 in (X, T1, Ty). Thus, for the pairwise fuzzy Gs-set 0, intr,intr, (n) =
0 in (X, Ty, T,) implies that (X, T3, T5) is not the pairwise fuzzy almost P-space.

5. Conclusion

In this paper, the concept of pairwise fuzzy almost GP-spaces is introduced
by means of pairwise fuzzy dense and pairwise fuzzy Gs-sets. It is established
that pairwise fuzzy nowhere dense, pairwise fuzzy F,-sets, pairwise fuzzy o-nowhere
dense sets are not pairwise fuzzy dense sets in pairwise fuzzy almost GP-spaces.
Also it is obtained that pairwise fuzzy dense and pairwise fuzzy Gs-sets in pairwise
fuzzy almost GP-spaces are pairwise fuzzy somewhere dense sets. It is established
that pairwise fuzzy almost GP-spaces are pairwise fuzzy irresolvable spaces and
pairwise fuzzy almost P-spaces are pairwise fuzzy almost GP-spaces and pairwise
fuzzy submaximal spaces, pairwise fuzzy strongly irresolvable and pairwise fuzzy
nodec spaces are pairwise fuzzy almost GP-spaces. The conditions for pairwise fuzzy
irresolvable spaces to become pairwise fuzzy almost GP-spaces and the conditions
for fuzzy bitopological spaces to become pairwise fuzzy o-second category spaces and
pairwise fuzzy weakly Volterra spaces are also established.
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