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VOLTERRA SPACES

Ganesan Thangaraj and Venkattappan Chandiran

ABSTRACT. In this paper, by using pairwise fuzzy semi Ggs-sets and pairwise
fuzzy semi dense sets, the concept of pairwise fuzzy semi weakly Volterra
space is introduced and studied. Example is given for pairwise fuzzy semi
weakly Volterra spaces. Several characterizations of pairwise fuzzy semi weakly
Volterra spaces are also given in this paper. The inter-relations between pair-
wise fuzzy semi Volterra and pairwise fuzzy semi weakly Volterra spaces, are
also established.

1. Introduction

L. A. Zadeh [11] published his first famous research paper on fuzzy sets in
1965. The theory of fuzzy topological spaces was introduced and developed by C.
L. Chang [2] in 1968. 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. Today fuzzy topology has been firmly established as
one of the basic disciplines of fuzzy mathematics. The concept of fuzzy semi-open
sets and fuzzy semi-continuous mappings in fuzzy topological spaces was studied by
K. K. Azad [1]. In 1989, A. Kandil [7] introduced the notion of fuzzy bitopological
spaces. The concepts of Volterra spaces have been studied extensively in classical
topology in [3, 4, 5, 6]. The concept of pairwise semi Volterra spaces in fuzzy
setting was introduced and studied by the authors in [9]. The objective of this
paper, we introduce and study the notion of pairwise semi weakly Volterra spaces
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in fuzzy setting. Several characterizations of pairwise fuzzy semi weakly Volterra
spaces are also established in this paper.

2. Preliminaries

Now we give some basic notions and results used in the sequel. In this work
by (X, T) or simply by X, we will denote a fuzzy topological space due to Chang
(1968). By a fuzzy bitopological space (Kandil, 1989) we mean an ordered triple
(X, Ty, Ts), where Ty, Ty are two fuzzy topologies on a non-empty set X.

DEFINITION 2.1. ([11]) A fuzzy set \ in a set X is a function from X to [0,1],
that is., A : X — [0,1].

DEFINITION 2.2. ([8]) Let (X, 71, 72) be a fuzzy bitopological space. The (i, j)-
semi closure (denoted by (4,7)-scl) and (7, j)-semi interior (denoted by (i, j)-sint)
of a fuzzy set A are defined as follows:

(i,5)-scl(A) = inf{B: B > A: B is (i,j)-fuzzy semi-closed}

(i,7)-sint(A) =sup{B : B < A,B is (i,j)-fuzzy semi-open}.

DEFINITION 2.3. ([8]) A fuzzy set A of a fuzzy bitopological space (X, 71, 72)
is called

(a) (i,7)-fuzzy semi-open if there exists a 7;-fuzzy open set U such that U <
A< -ClU).

(b) (i,7)-fuzzy semi-closed if there exists a 7;-fuzzy closed set F' such that
7-Int(F) < A< F.

DEFINITION 2.4. ([8]) A fuzzy set A in a fuzzy bitopological space (X, Ty, T») is
called a pairwise fuzzy semi open set if A < sclp, sint, (A) and X < sclr, sintr, (N)
in (X, le Tg)

DEFINITION 2.5. ([8]) A fuzzy set A in a fuzzy bitopological space (X, T7,T5) is
called a pairwise fuzzy semi closed set if sintr, sclp, (A) < A and sintg, sclp, (A) < A
in (X, Tl, TQ)

DEFINITION 2.6. ([9]) A fuzzy set A in a fuzzy bitopological space (X, T}, 7T2)
is called a pairwise fuzzy semi Gs-set if A = A2, (Ag), where (\;)’s are pairwise
fuzzy semi open sets in (X, T1,T5).

DEFINITION 2.7. ([9]) A fuzzy set A in a fuzzy bitopological space (X, T3, T2)
is called a pairwise fuzzy semi F,-set if A = V§2,()A;), where (\x)’s are pairwise
fuzzy semi closed sets in (X, T, Ts).

DEFINITION 2.8. ([9]) A fuzzy set A in a fuzzy bitopological space (X, Ty, T5)

is called a pairwise fuzzy semi dense set if sclp scly, (A) = 1 = sclp,sclr, (A) in
(X7 T17T2)'

DEFINITION 2.9. ([9]) A fuzzy set X in a fuzzy bitopological space (X, T, T2)
is called a T; (i = 1,2)-fuzzy semi dense set if sclr, (A) = 1 and sclp,(A) = 1 in
(X7 T15T2)-
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DEFINITION 2.10. ([10]) A fuzzy set A in a fuzzy bitopological space (X, Ty, )
is called a pairwise fuzzy semi nowhere dense set if sintr, sclp,(A) = 0 and
sintr,sclpy (A) =0 in (X, Th, T3).

DEFINITION 2.11. ([10]) Let (X, Ty, T%) be a fuzzy bitopological space. A fuzzy
set A in (X, T4, T5) is called a pairwise fuzzy semi first category set if A = V2, (Ag),
where (\;)’s are pairwise fuzzy semi nowhere dense sets in (X, T1,73). Any other
fuzzy set in (X, T, T3) is said to be a pairwise fuzzy semi second category set in
(Xa Tla TQ)

DEFINITION 2.12. ([9]) If \ is a pairwise fuzzy semi first category set in a fuzzy
bitopological space (X, T, Tz), then the fuzzy set 1 — A is called a pairwise fuzzy
semi residual set in (X, Ty, Ts).

DEFINITION 2.13. ([9]) A fuzzy set A in a fuzzy bitopological space (X, Ty, T5)
is called a pairwise fuzzy semi o-nowhere dense set if A is a pairwise fuzzy semi
F,-set in (X, Ty, T») such that sintr, sintr, (A\) = 0 and sintr, sinty, (A) = 0.

DEFINITION 2.14. A fuzzy bitopological space (X, Ty, T») is said to be a pair-
wise fuzzy semi Volterra space if sclr, (Af_;(Ax)) = 1, (i = 1,2) where (\)’s are
pairwise fuzzy semi dense and pairwise fuzzy semi Gs-sets in (X, T, T5).

THEOREM 2.1 ([8]). Let A and B be fuzzy sets in a fuzzy bitopological space

(X,71,72). Then
a) (i,7)-scl(A) <i-cl(A).
) (4,7)-scl(A) is (i,7)-fuzzy semi closed.
) A is (i,7)-fuzzy semi closed if and only if A = (i, j)-scl(A).
) A< B (i, )-scl(A) < (i, )-scl(B).
) Ti-int(A) < (4, 4)-sint(A).
) (i,7)-sint(A) is (i, 7)-fuzzy semi open.
) A is (i,7)-fuzzy semi open if and only if A = (i,7)-sint(A).
) A< B = (i,7)-sint(A) < (4,7)-sint(B).
THEOREM 2.2 ([8]). Let (X, T1,72) be a fuzzy bitopological space. Then

(a) A is (i,])-fuzzy semi open if and only if A < 7j-cl(1;-int(A)),

(b) F is (i, )-fuzzy semi closed if and only if 7j-int(r;-cl(F)) < F.
THEOREM 2.3 ([8]). Let (X, T1,72) be a fuzzy bitopological space. Then

(a) If A is (i, 7)-fuzzy semi open and A < B < 1j-cI(A), then B is (i, j)-fuzzy

semi open;
(b) If A is (i, )-fuzzy semi closed and T;-int(A) < B < A, then B is (i,j)-
fuzzy semi closed.

THEOREM 2.4 ([10]). If X is a pairwise fuzzy semi nowhere dense set in a
fuzzy bitopological space (X, T1,Ts), then 1 — X is a pairwise fuzzy semi dense set
m (X,Tl,Tg).

THEOREM 2.5 ([9]). If a pairwise fuzzy semi Gs-set A in a fuzzy bitopological

space (X, T1,Ts) such that scly,(A) =1, (i =1,2), then X is a pairwise fuzzy semi
residual set in (X,T1,Ts).
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THEOREM 2.6 ([9]). In a fuzzy bitopological space (X,T1,Ts), a fuzzy set X is
a pairwise fuzzy semi o-nowhere dense set in (X, Ty,Ts) if and only if 1 — X is a
pairwise fuzzy semi dense and pairwise fuzzy semi Gs-set in (X, Th,T5).

3. Pairwise Fuzzy Semi Weakly Volterra Spaces

DEFINITION 3.1. A fuzzy bitopological space (X, T1,T») is said to be a pairwise
fuzzy semi weakly Volterra space if AN_, (\x) # 0, where (A\g)’s are pairwise fuzzy
semi dense and pairwise fuzzy semi Gs-sets in (X, T3, T5).

ExXAMPLE 3.1. Let X = {a,b,c}. The fuzzy sets A\, u,v and 7 are defined on
X as follows:

A: X — [0,1] is defined as A(a) =1, A(b) = 0.2, A(c) =0.7;
X —[0,1] is defined as p(a) = 0.3, pu(d) =1, plc) =0.2;
v:X —[0,1] is defined as v(a) = 0.7, v(b) = 0.4,v(c) = 1;

v:X —[0,1] is defined as y(a) = 0.2, y(b) =1, v(c) = 0.4.

Then, clearly Th = {0, A, pt, U, AV i, AV U, u VU AA i, ANAV, AV AN (LAY, wV
ANV, v ANAV ), AV V1t and To = {0, 7,1, AV Y, AV I,y VI, AA Y, A A
UV, YANUANV (YAV), YV (AAV), v A(AV ), AV ~vVu,1} are fuzzy topologies on X.
The fuzzy sets A, v, \V g, AV, AV, u Vi, v VY, ANA AV (WAV), AV (YAV),uV
AAV), YV AAV), A AV u), v AAVY),AVuVr,AVyVy,l are pairwise fuzzy
semi open sets in (X, T7,T»).

Now a = AA AV AAVI)IAAV (LAV)]ApVYAAV)AVAAADY)], 8=
VAAVV)AAV (uAV)A[WA(AAY)] and § = AA(AV ) AAVY)AAV (uAV)A(AV V)
are pairwise fuzzy semi Gg-sets in (X, Ty, Ts). Also, sclr, sclr, () = sclr, (a) = 1,
sclp, sclr, (B) = sclr, (8) = 1 and sclp, sclr, (§) = sclp, (§) = 1. Then «, 8 and § are
pairwise fuzzy semi dense sets in (X,7T7,7T»). Hence «, 8 and § are pairwise fuzzy
semi dense and pairwise fuzzy semi Gs-sets in (X, T1,7T>). Now aASAd = AAv # 0.
This implies that the fuzzy bitopological space (X, Ty, T5) is a pairwise fuzzy semi
weakly Volterra space.

4. Characterizations of pairwise fuzzy semi weakly Volterra spaces

PROPOSITION 4.1. If A is a pairwise fuzzy semi Gs-set such that sclr,(A) =1,
(i=1,2) in a fuzzy bitopological space (X,T1,Ts), then X is a pairwise fuzzy semi
residual set in (X, T1,T3).

PROOF. Let A be a pairwise fuzzy semi Gs-set such that sclr,(\) =1, (i = 1,2)
in (X,T1,T5). Then by theorem 2.5, 1 — X is a pairwise fuzzy semi first category
set in (X,T1,T%) and hence 1 — (1 — \) is a pairwise fuzzy semi residual set in
(X,T1,Ts). That is., A is a pairwise fuzzy semi residual set in (X, 77, T3).

PROPOSITION 4.2. If AR (M) # 0, where the fuzzy sets (Ag)’s are pairwise
fuzzy semi residual sets in a fuzzy bitopological space (X,Ty1,Ts), then (X,T1,Ts)
is a pairwise fuzzy semi weakly Volterra space.

ProOF. Let (Ag)’s (k = 1 to co) be pairwise fuzzy semi residual sets in
(X, T4, T5) such that A2 | (Ax) # 0. Let (1;)’s (j = 1 to N) be pairwise fuzzy semi
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Gs-sets such that sclr,(p;) =1, (i =1,2) in (X,T1,T2). Then by proposition 4.1,
(u;)’s are pairwise fuzzy semi residual sets in (X, T3,T53). Let us take the first IV
pairwise fuzzy semi residual sets in (Ag)’s as (u;)’s. Then AR, (Ag) < /\;V:l(uj).
But A%, (M) # 0 implies that AN, (u5) # 0. Now sclr, (u;) = 1 and sclp, (p;) = 1,
implies that sclp, sclr, (1) = 1 = sclp,sclp, (pj). Thus, (u;)’s are pairwise fuzzy
semi dense sets in (X, 77, T»). Hence /\é\’:l(uj) # 0, where (u5)’s are pairwise fuzzy
semi dense and pairwise fuzzy semi Gs-sets in (X, Ty, T»). Therefore (X, T, T3) is
a pairwise fuzzy semi weakly Volterra space.

PROPOSITION 4.3. A fuzzy bitopological space (X,T1,T5) is a pairwise fuzzy
semi weakly Volterra space if and only if Vi_, (ux) # 1, where (uy)’s are pairwise
fuzzy semi o-nowhere dense sets in (X,T1,T3).

PROOF. Let (X,Ty,T3) be a pairwise fuzzy semi weakly Volterra space. Then
AN_ (M) # 0, where (\;)’s are pairwise fuzzy semi dense and pairwise fuzzy semi
Gs-sets in (X, T1,T). Now 1 — AY_ (\x) # 1. This implies that Vi_, (1 — \g) #
1. Since (Ag)’s are pairwise fuzzy semi dense and pairwise fuzzy semi Gs-sets in
(X,T1,T) and by theorem 2.6, (1 — Ag)’s are pairwise fuzzy semi o-nowhere dense
sets in (X, T1,T%). Let pur, = 1 — Ag. Then VA () # 1, where (uy)’s are pairwise
fuzzy semi o-nowhere dense sets in (X, T, T3).

Conversely, let VA, (ux) # 1, where (uy)’s are pairwise fuzzy semi o-nowhere
dense sets in (X,Ty,72). Now 1 — V& (ug) # 0. Then AL, (1 — uy) # 0. Since
(ux)’s are pairwise fuzzy semi o-nowhere dense sets in (X, 71,75) and by theorem
2.6, (1 — pg)’s are pairwise fuzzy semi dense and pairwise fuzzy semi Gg-sets in
(X, Ty, Ts). Hence AN_, (1—py) # 0, where (1—pu)’s are pairwise fuzzy semi dense
and pairwise fuzzy semi Gs-sets in (X, Ty, Ts). Therefore (X,T7,T3) is a pairwise
fuzzy semi weakly Volterra space.

PROPOSITION 4.4. If Vi_,(A\x) = 1, where (\y)’s are pairwise fuzzy semi
F,-sets in a pairwise fuzzy semi weakly Volterra space (X,T1,Ts), then
sinty sintr,(A\x) # 0 and sintp sintp,(A) = 0 and sintp,sintp, (A) = 0 for at
least one \j.

PROOF. Suppose that sintr, sintr, (M) = 0 and sintp, sintr, (A\;) = 0 for all
pairwise fuzzy semi Fy-sets (\;), (K = 1 to N) in a pairwise fuzzy semi weakly
Volterra space (X, T, Ty) such that VY (A\x) = 1. Then 1 — sintp, sintz, (M) = 1
and 1 — sintp,sintr, (M) = 1. Then sclp, sclr, (1 — M) = sclp,sclp, (1 — A;) = 1.
Hence (1 — A\g)’s are pairwise fuzzy semi dense sets in (X, T, 7T%). Since (Ag)’s (k =
1 to N) are pairwise fuzzy semi Fy-sets in (X, T1,T3), (1 — Ag)’s are pairwise fuzzy
semi Gs-sets in (X, T3, Ts). Now consider AY_ (1—=X\g) =1—-Vi_ (A\) =1-1=0.
Hence AY_, (1—\x) = 0, where (1—\)’s are pairwise fuzzy semi dense and pairwise
fuzzy semi Gg-sets in (X, Ty, T»). But this is a contradiction to (X, T1,73) being a
pairwise fuzzy semi weakly Volterra space. Hence it must be sintr, sintr,(A\g) # 0
and sintr, sintr, (Ar) # 0 for at least one Aj.

PROPOSITION 4.5. If VI (A\r) = 1, where (\)’s are pairwise fuzzy semi Fy-
sets in a fuzzy bitopological space (X,T1,Ts) such that sintr, sintr,(A\x) # 0 and
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sintr, sintr, (A\g) # 0 for at least one A, then (X,T1,T5) is a pairwise fuzzy semi
weakly Volterra space.

PROOF. Suppose that AN_,(ux) = 0, where (uy)’s are pairwise fuzzy semi
dense and pairwise fuzzy semi Gs-sets in (X,T1,T5). Then 1 — AN (u) = 1,
implies that VA_,(1 — uy) = 1. Since (uy)’s are pairwise fuzzy semi Gs-sets in
(X,T1,Ts), (1 — ux)’s are pairwise fuzzy semi Fy-sets in (X,T1,T3). Since (ug)’s
are pairwise fuzzy semi dense sets, sclr, sclr,(ur) = 1 = sclp,sclp (p). Then
sint sint, (1 — p) = 0 and sintp,sintr, (1 — pg) = 0 for all K = 1 to N. Let
1—pp = Ag. Thus, for the pairwise fuzzy semi Fi,-sets A in (X, T1,T5), \/kN:I()‘k) =
1 and sintp, sinty, (Ax) = 0 and sintp,sintp, (Ax) = 0 for all k =1 to N. But this
is a contradiction to the hypothesis. Hence we must have AY_ (1) # 0, where
()’s are pairwise fuzzy semi dense and pairwise fuzzy semi Gs-sets in (X, Ty, T»).
Therefore, (X,T1,T5) is a pairwise fuzzy semi weakly Volterra space.

DEFINITION 4.1. A non-zero fuzzy set A in a fuzzy bitopological space
(X,T1,Ts) is called a pairwise fuzzy semi somewhere dense set if sint, sclp,(\) # 0
and sintr, sclr, (A) # 0.

ProrosITION 4.6. If /\g:1(>\k) is a pairwise fuzzy semi somewhere dense set
in (X, T1,Ts) where (\)’s are pairwise fuzzy semi dense and pairwise fuzzy semi
Gs-sets in (X, T1,T), then (X, T1,Ts) is a pairwise fuzzy semi weakly Volterra
space.

PROOF. Let AN, (\;) be a pairwise fuzzy semi somewhere dense set
in (X,T1,T»). Then sintr,scly, (A_i (M) # 0 and sintp,scly, (A, (k) #
0. Suppose that AN_,(A\y) = 0, where (\;)’s are pairwise fuzzy semi dense and
pairwise fuzzy semi Gs-sets in (X, T1,T»). Then sintp, sclr, (Ah_;(A)) = 0 and
sintr, sclr, (Ap_1(Ar)) = 0, shows that AL_; (\z) is a pairwise fuzzy semi nowhere
dense set in (X,7},T»). But this is a contradiction to AY_;(\x) being a pairwise
fuzzy semi somewhere dense set in (X, T1,T%). Hence it must be AN_, (A\z) # 0,
where (\g)’s are pairwise fuzzy semi dense and pairwise fuzzy semi Gs-sets in
(X, Ty, Ts). Therefore (X, Ty, T») is a pairwise fuzzy semi weakly Volterra space.

PROPOSITION 4.7. If (A;)’s (k = 1 to N) are pairwise fuzzy semi Gs-sets
such that scly, (M) = 1, (i = 1,2) in a pairwise fuzzy semi weakly Volterra space
(X, T1,T2), then \/{Cvzl(l - )\k) # 1.

PROOF. Let (A;)’s (k = 1 to N) be pairwise fuzzy semi Gs-sets such that
sclp, (M) = 1, (1 = 1,2). Now sclp, (Ax) = 1 and sclp, (M) = 1 implies that
sclp, sclr, (Ag) = 1 = sclp sclr, (Ag). Hence (\;)’s are pairwise fuzzy semi dense
sets in (X,T1,Ty). Suppose that V&_ (1 — A;) = 1. Then 1 — AN (\x) = L.
This will imply that AY_, (A\x) = 0, a contradiction to (X,T},T») being a pairwise
fuzzy semi weakly Volterra space in which AIY_, (A\;) # 0 for the pairwise fuzzy semi
dense and pairwise fuzzy semi Gs-sets (Ag)’s in (X, T1,T5). Therefore we must have
VA (1 = Ag) # 1 for the pairwise fuzzy semi Gs-sets (\)’s with sclz, (\g) = 1,
(i=1,2).
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PROPOSITION 4.8. If VI_ (\r) # 1, where (\;)’s are pairwise fuzzy semi
nowhere dense and pairwise fuzzy semi F,-sets in a fuzzy bitopological space
(X, T1,Ts), then (X,T1,Ts) is a pairwise fuzzy semi weakly Volterra space.

PROOF. Let (Ag)’s (k = 1 to N) be pairwise fuzzy semi nowhere dense and
pairwise fuzzy semi F,-sets in (X,T1,T») such that VI, (\z) # 1. Then 1 —
VN  (Ax) # 0. This implies that AY_ (1 — A;) # 0. Since (\;)’s are pairwise
fuzzy semi F,-sets in (X,T1,T3), (1 — Ag)’s are pairwise fuzzy semi Gs-sets in
(X,T1,T). Since (\g)’s are pairwise fuzzy semi nowhere dense sets in (X, 77, T5)
and by theorem 2.4, (1 — A\g)’s are pairwise fuzzy semi dense sets in (X, T3, T3).
Hence AN (1 — Ap) # 0, where (1 — \)’s are pairwise fuzzy semi dense and
pairwise fuzzy semi Gs-sets in (X, Ty, Ts). Therefore (X, T1,T5) is a pairwise fuzzy
semi weakly Volterra space.

5. Inter-relations between pairwise fuzzy Volterra and pairwise fuzzy
weakly Volterra spaces

PROPOSITION 5.1. If a fuzzy bitopological space (X, T1,Ts) is a pairwise fuzzy
semi Volterra space, then (X,T1,Ts) is a pairwise fuzzy semi weakly Volterra space.

Proor. Let (X,T1,T>) be a pairwise fuzzy semi Volterra space. Let (Ag)’s
(k =1 to N) be pairwise fuzzy semi dense and pairwise fuzzy semi Gs-sets in
(X, Ty, T»). Suppose that AR_;(A\y) = 0. Then sclr, (AM_,(A)) =0, (i =1,2), a
contradiction to the hypothesis that (X, Ty, T») being a pairwise fuzzy semi Volterra
space in which sclz, (AN_;(Ax)) = 1, (i = 1,2) for the pairwise fuzzy semi dense and
pairwise fuzzy semi Gs-sets (Ag)’s in (X, Ty, 7). Thus we must have AN_, (Ag) # 0
in (X,T1,T5). Hence (X, Ty, T») is a pairwise fuzzy semi weakly Volterra space.

REMARK 5.1. The converse of the above proposition does not hold. That is.,
a pairwise fuzzy semi weakly Volterra space need not be a pairwise fuzzy semi
Volterra space. For, in example 3.1, sclp,(a ABAJ) =1 — (pAv) # 1 and
sclr,(a A BAS) = 1. That is., sclr,(a ABAS) # 1, (i = 1,2) where a, § and
d are pairwise fuzzy semi dense and pairwise fuzzy semi Ggs-sets in (X, T3, T3).
Hence (X, T1,T5) is not a pairwise fuzzy semi Volterra space whereas (X, T1,T5) is
a pairwise fuzzy semi weakly Volterra space.

DEFINITION 5.1. A fuzzy bitopological space (X,T1,T») is called a pairwise
fuzzy semi P-space if every non-zero pairwise fuzzy semi Gs-set in (X, T1,T5) is
a pairwise fuzzy semi open set in (X,T1,T2). That is., if (X,T1,T») is a pairwise
fuzzy semi P-space if A € T;, (i = 1,2) for A = A2 (Ax), where (A\g)’s are pairwise
fuzzy semi open sets in (X, T1,T5).

DEFINITION 5.2. A fuzzy bitopological space (X,Ty,T») is called a pairwise
fuzzy semi hyperconnected space if A is a pairwise fuzzy semi open set in (X, 11, T5),
then sclr,(A) =1, (i =1,2).

PROPOSITION 5.2. If a pairwise fuzzy semi weakly Volterra space (X,Ty,Ts) is
a pairwise fuzzy semi P-space and pairwise fuzzy semi hyperconnected space, then
(X,T1,Ts) is a pairwise fuzzy semi Volterra space.



196 G. THANGARAJ AND V. CHANDIRAN

PrROOF. Let (Ax)’s (k =1 to N) be pairwise fuzzy semi dense and pairwise
fuzzy semi Gs-sets in a pairwise fuzzy semi weakly Volterra space (X, T1,7T5). Then
AN_ (Ak) # 0. Since (X,T1,Tz) is a pairwise fuzzy semi P-space, the pairwise
fuzzy semi Gs-sets (\g)’s are pairwise fuzzy semi open sets in (X, T1,T5) and hence
AN (Ag) is a pairwise fuzzy semi open set in (X,T%,Ts). Also, since (X, T1,T%)
is a pairwise fuzzy semi hyperconnected space and /\szl()‘k) is a non-zero pairwise
fuzzy semi open set in (X,T1,Ts), scly, (A1 (\k)) = 1, (i = 1,2) where (\)’s
are pairwise fuzzy semi dense and pairwise fuzzy semi Gs-set in (X, 77,7T5). Hence
(X, Ty, T») is a pairwise fuzzy semi Volterra space.

REMARK 5.2. Inter-relations between pairwise fuzzy semi Volterra and pair-
wise fuzzy semi weakly Volterra spaces, can be summarized as follows:

Pairwise fuzzy — Pairwise fuzzy
semi Volterra space >~ semi weakly Volterra space
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