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1 Introduction

Till 1965, Mathematicians were concerned only about well-defined things and smartly avoided
any other possibilities which are more realistic in nature. In 1965, L.A.Zadeh [13] introduced the concept of
fuzzy set to accommodate real life situations by giving partial membership to each element
of a situation under consideration. Fuzzy sets allow everyone us to represent vague concepts expressed in
natural language. The representation depends not only on the concept but also on the context in which it is
used. This inspired mathematicians to fuzzify mathematical structures. General topology is one of the important
branches of mathematics in which fuzzy set theory has been applied systematically. Based on the concept of
fuzzy sets invented by Zadeh, C.L.Chang [3] introduced the concept of fuzzy topological spaces in 1968 as a
generalization of topological spaces. Since then many topologists have contributed to the theory of fuzzy
topological spaces. In this paper, the relationship between fuzzy semi Volterra spaces and other fuzzy
topological spaces such as fuzzy semi Baire spaces, fuzzy semi o-Baire spaces, fuzzy semi strongly irresolvable
spaces, fuzzy semi P-spaces, fuzzy semi D-Baire spaces, fuzzy semi hyperconnected spaces and fuzzy semi
submaximal spaces are established. Also, the conditions under which a fuzzy semi Baire space becomes a fuzzy
semi Volterra space are studied in this paper.

2 Preliminaries

In 1965, L.A.Zadeh [13] introduced the concept of fuzzy set A on a base set X as a function from X
into the unit interval I = [0,1]. This function is also called a membership function. A membership function is
a generalization of a characteristic function.

Definition 2.1 [3] Let A and u be fuzzy setsin X. Then forall x € X,
e A=pue A(x) = p),
A<ue ilx) <ulx),
Y =2V u o P(x) =max{A(x),u(x)},
d=AAu© 6(x) =min{A(x), u(x)},
n=21nkx)=1-Ax).
For a family {A;/i € I} of fuzzy sets in X, the union Y =V; A; and intersection § =A; A; are defined by
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PY(x) = sup;{A;(x),x € X}, and §(x) = inf;{A;(x),x € X}.

The fuzzy set Oy is defined as Ox(x) = 0, for all x € X and the fuzzy set 1y defined as 1x(x) = 1, for all
x € X.

Definition 2.2 [3] A fuzzy topology is a family T of fuzzy sets in X which satisfies the following conditions:
e O, XET,
elf ABET,then ANBET,
el|f A; €T, foreach i €1,then Ui, A; ET.

T iscalled a fuzzy topology for X and the pair (X,T) isa fuzzy topological space or fts in short. Every member
of T is called a T-open fuzzy set. A fuzzy set is T-closed if and only if its complement is T-open. When no
confusion is likely to arise, we shall call a T-open (T-closed) fuzzy set simply an open (closed) fuzzy set.

Lemma2.1[1]Llet (X,T) beany fuzzy topological space and A be any fuzzy setin (X,T). We define the fuzzy
semi-closure and the fuzzy semi-interior of A as follows:

e scl(A) =A{u/A < u, u is fuzzy semi-closed set of X}
e sint(A) =V {u/u < A, u is fuzzy semi-open set of X}.

Lemma 2.2 [1] For a fuzzy set A of a fuzzy space X,
e 1—scl(A) =sint(1—-21) and
e 1 —sint(A) =scl(1-2).

Lemma 2.3 [1] For a family A = {A,} of fuzzy sets of a fuzzy space X. Then, V. cl A, <cl(VAy). In
case A isafiniteset, V. cl Ay =cl(VA,).Also Vint A, <int(VA1,).

Definition 2.3 [2] A fuzzy set A in a fuzzy topological space X is called fuzzy semi-open if A < clint(1) and
fuzzy semi-closed if intcl(1) < A.

Definition 2.4 [11] A fuzzy set A in a fuzzy topological space (X,T) is called a fuzzy semi Gs-setin (X, T)
if A=NAZ2; (4;), where (4;)’s are fuzzy semiopen setsin (X,T).

Definition 2.5 [11] A fuzzy set A in a fuzzy topological space (X,T) iscalled a fuzzy semi F;-setin (X,T)
if A=VZ; (4;), where (;)’s are fuzzy semi closed setsin (X,T).

Definition 2.6 [10] A fuzzy set A in a fuzzy topological space (X,T) is called fuzzy semi dense if there exists no
fuzzy semi closed set p in (X,T) suchthat A < pu < 1. Thatis, scl(1) = 1.

Definition 2.7 [9] Let (X,T) be a fuzzy topological space. A fuzzy set A in (X,T) is called a fuzzy semi
nowhere dense set if there exists no non-zero fuzzy semi-open set p in (X,T) such that u < scl(A). That is,
sintscl(4) = 0.

Definition 2.8 [9] Let (X,T) be a fuzzy topological space. A fuzzy set A in (X, T) is called fuzzy semi first
category if A =Vi2, (1;), where (A;)’s are fuzzy semi nowhere dense sets in (X,T). Any other fuzzy set in
(X,T) issaid to be of fuzzy semi second category.

Definition 2.9 [9] If A is a fuzzy semi first category set in a fuzzy topological space (X,T), then 1 — A iscalled
a fuzzy semiresidual set in (X, T).
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Theorem 2.1 [9] If A is a fuzzy semi nowhere dense set in a fuzzy topological space (X,T), then 1 —A1 isa
fuzzy semi dense set in (X, T).

Theorem 2.2 [12] If A is a fuzzy semi dense and fuzzy semi Gg-set in a fuzzy topological space (X,T), then
1 — A is a fuzzy semi first category set in (X, T).

Theorem 2.3 [12] In a fuzzy topological space (X,T), a fuzzy set A is a fuzzy semi og-nowhere dense set in
(X,T) ifandonlyif 1 — A isa fuzzy semidense and fuzzy semi Gg-setin (X,T).

3 Fuzzy semi Volterra spaces and fuzzy semi Baire spaces

Proposition 3.1 Let (X,T) be a fuzzy topological space. If A =V{Z, (4;), where 1 —A; €T, is a fuzzy
nowhere dense set in (X,T), then (A;)’s are fuzzy nowhere dense setsin (X,T).

Proof. Let A=V, (1), where (1—A;)’s are fuzzy open setsin (X,T). Then cl(d) = cl(ViZ; (1)) =
V2, cl(4;). Since (4;)’s are fuzzy closed sets in (X,T), cl(4;) = A;....... (1) and hence cl(4) =2Vvi2; (4).
Then, intcl(1) = int(Vi2, (4;)) =V, (int(4;)). Since A is a fuzzy nowhere dense set in (X,T),
intcl(A) = 0 and hence 0 >V;2, (int(4;)). Thatis, V2, (int(4;)) = 0. This implies that int(4;) =0 and
hence from (1), intcl(4;) = int(4;) = 0, implies that (4;)’s are fuzzy nowhere dense setsin (X, T).

In view of the above proposition 3.1, one will have the following proposition.

Proposition 3.2  If a fuzzy nowhere dense set A in a fuzzy topological space (X,T) isa fuzzy Fy-set, then A
is a fuzzy first category setin (X, T).

Proof. Let 1 be a fuzzy nowhere dense set such that 1 =V;2, (4;), where 1—A4; € T. Since A4 is a fuzzy
nowhere dense set in (X,T), by proposition 3.1, (4;)’s are fuzzy nowhere dense sets in (X,T). Hence A =
V2, (4;), where (4;)’s are fuzzy nowhere dense sets in (X,T) implies that A is a fuzzy first category set in
X, T).

Proposition 3.3 Let (X,T) be a fuzzy topological space. If each fuzzy nowhere dense set A in (X,T) is a
fuzzy F;-set, then (X,T) isa fuzzy semiBaire space.

Proof. Let 1 be a fuzzy nowhere dense set such that A =V;2,; (4;), where 1 — 4; € T. Then, by proposition
3.2, 1 is a fuzzy first category set in (X,T). Now int(d) < intcl(1) and intcl(1) =0, implies that
int(1)=0, where A is a fuzzy first category set in (X,T). Then, by theorem ??, (X,T) is a fuzzy semi Baire
space.

Proposition 3.4 Let (X,T) be a fuzzy topological space. If each fuzzy nowhere dense setin (X,T) isa fuzzy
F;-setin (X,T), then (X,T) isa fuzzy semi Volterra space.

Proof. Let each fuzzy nowhere dense set in (X,T) be a fuzzy F;-set in (X,T) Then, by proposition 3.3,
(X, T) is a fuzzy semi Baire space. Then int(V;2, (4;)) = 0, where (4;)’s are fuzzy nowhere dense sets in
(X,T). Now 1—int(VZ, (4;)) = 1. This implies that cl(A;2Z; (1 —4;)) = 1. Since A; is a fuzzy nowhere
dense set in (X,T), by theorem ??, 1—A; is a fuzzy dense set in (X,T). But cl(A2; (1—4)) <
cl(AX; (1=2))) and hence 1 < cl(AX; (1= 1)). Thatis, cl(AX, (1 —2,)) = 1. Since A; is a fuzzy F,-
setin (X,T), 1—2A; is a fuzzy Gs-set in (X,T). Hence cl(AX, (1 —2;)) =1, where (1— 4;)’s are fuzzy
dense and fuzzy Gg-setsin (X,T). Therefore (X,T) is afuzzy semi Volterra space.
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Remark. Consider the example ??, define the fuzzy sets 2 and ¥ on X as follows:

Q: X - [0,1] isdefinedas Q(a) =0.4; Q(b) =0.5; Q(c) =0.3.
Y:X - [0,1] isdefinedas W(a) =0.3; W(b) =04; Y(c) =0.2.
Now Q = [1-AAw]V[l-A)]V[1=(uAv)] and ¥ ={1-[uv(@AAv)]}Vv{l-

[vV(AAV)]}V{l—(uVv)} are fuzzy F;-setsin (X,T) and hence Q and ¥ are fuzzy nowhere sets in
(X,T). Therefore (X,T) is afuzzy semi Volterra space.

Remark. If the fuzzy nowhere dense setsin (X,T) are not fuzzy F;-setsin (X,T), then (X,T) need not
be a fuzzy semi Volterra space eventhough (X, T) is a fuzzy semi Baire space. For, consider the example ??.

The fuzzy sets 1—v, 1—(Avv), 1—(uVvv) are fuzzy nowhere dense sets in (X,T) and
int(viz; (4))) =0, where (4;)’s are fuzzy nowhere dense sets in (X,T) and hence (X,T) is a fuzzy semi
Baire spaceand 1 — (AVv) isnotafuzzy F;-setin (X,T).Now a ={AANAV)AAAV)}, L={un(uV
VAARAWDAN[UV AAV)IA[AA(@VY)]} and § ={VAAAV)AWAV)A[VvA(AV )]} are fuzzy G-
setsin (X, T), but not fuzzy dense setsin (X, T) and there is no fuzzy dense and fuzzy Gg-setin (X,T) such
that cl(A; (1)) =1 andhence (X,T) is not a fuzzy semi Volterra space.

Remark. A fuzzy semi Volterra space need not be a fuzzy semi Baire space. For, consider the following example:

Example 3.1 Let X = {a, b, c}. The fuzzysets A, p and v are defined on X as follows :

A:X = [0,1] isdefinedas A(a) =0.8; A(b) =0.5; A(c) =0.7.
u:X — [0,1] is definedas u(a) =0.6; u(b) =0.9; u(c) = 04.
v:X = [0,1] is definedas v(a) = 0.4; v(b) =0.7; v(c) = 0.8.
Clearly T={0,A4uv,AVULAVV,UVV,AANULAANV, UAV,AV (UAV),AAN(VY),uV (AAY), uA(AV

V), vV ((AAW),VAAVu),AVuvy,1} isafuzzytopologyon X.Now a = {AAAVUAAAV)A[AV (LA
VIAUY AAVAAAN@VVY)]A[vAAV )]} and B={VAAVV)IAUVV)A[VVAARW]AAV UV
v)} are fuzzy dense and fuzzy Ggs-sets in (X,T) and cl(e Af)=1 and hence (X,T) is a fuzzy
Volterra space. The fuzzy nowhere dense sets in (X,T) are 1—A, 1—yu, 1—-v, 1—-(4V
w, 1—@Avv), 1—=(uvv), 1—=AAwp), 1=AAV), 1=(uAV), 1=[AV(uAV)], 1=[AA(uVV)],
1—[uv(AaAv)] , 1—=[un(Avv)], 1=-[vw@Apw], 1-[vA(Avw)], 1-—[Avuvv] and
int(Viz; (1)) = AAu # 0,where (4;)’s are fuzzy nowhere dense setsin (X, T). Therefore (X,T) is nota
fuzzy semi Baire space.

The following proposition gives a condition for a fuzzy semi Volterra space to be a fuzzy semi Baire space.

Proposition 3.5 [f each fuzzy first category set A is formed from the fuzzy dense and fuzzy Gg-sets (A;)’s
(i=1 to N) inafuzzy Volterraspace (X,T), then (X,T) is afuzzy Baire space.

Proof. Let (4;)'s (i=1 to N) be fuzzy dense and fuzzy Gg-sets in a fuzzy Volterra
space  (X,T). Since (X,T) is a fuzzy Volterra space, by proposition ??, int(V¥, (1—
1)) = 0. Now, by lemma 2.3, V¥, [int(1 — 1;)] < int(VL, (1 — A;)). This implies that V¥, int(1—A4;) =
0. Then int(1 —A4;) = 0. Since (4;)’s are fuzzy dense and fuzzy Gg-sets in (X,T), by theorem 2.2, (1 —
A;)’s are fuzzy first category setsin (X, T). By theorem ??, (X,T) is a fuzzy semi Baire space. Hence, if each
fuzzy first category setin (X,T) is formed from the fuzzy dense and fuzzy Gg-sets (1;)’s (i=1to N) in
a fuzzy semi Volterra space, then (X, T) is a fuzzy semi Baire space.

Proposition 3.6 If each fuzzy first category set is a fuzzy closed set in a fuzzy semi Baire space (X,T), then
(X,T) isa fuzzy semi Volterra space.
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Proof. Let (4;)'s (i=1 to N) be fuzzy dense and fuzzy Gg-sets in (X,T). Then, by theorem 2.2,
(1—-2))s are  fuzzy first category sets in X. Now, by  hypothesis, (1-=2)’s
are  fuzzy closed setsin (X,T) and hence (4;)’s are fuzzy open setsin (X,T). Therefore  (4;)’'s are
fuzzy dense and fuzzy open sets in (X,T). Then, bytheorem ??, (1 — 4;)’s are fuzzy
nowhere dense sets in (X,T). Since (X,T) is a fuzzy semi Baire space, int[Vgo=1 (tg)] =0, where (uy)’s
are fuzzy nowhere dense sets in (X,T). Let the first N(ug)'s be (1—-4;) in (X,T). But
int[V, (1 — 1)) < int[Ve-, (He)] and int[Ve-; (1e)] =0, implies that int[VX, (1—2;)]=0 and
hence int[1—A, (1,)] =0. Then 1 —cl[A}, ()] = 0. Hence cl(AlL, (1)) =1, where (4;)’s are fuzzy
dense and fuzzy Gg-setsin (X,T). Therefore (X,T) is afuzzy semi Volterra space.

Proposition 3.7 If each fuzzy residual set is a fuzzy open set in a fuzzy semi Baire space (X,T), then (X,T) is
a fuzzy semi Volterra space.

Proof. Let each fuzzy residual set p be a fuzzy open set in a fuzzy semi Baire space (X,T).Then 1 — u isfuzzy
first category set and fuzzy closed setin (X, T). Then, by proposition 3.6, (X,T) isafuzzy semiVolterra space.

Proposition 3.8 If a fuzzy topological space (X,T) is a fuzzy semi Baire and fuzzy P-space, then (X,T) isa
fuzzy semi Volterra space.

Proof. Let (4;)’s (i=1 to N) be fuzzy dense and fuzzy Gg-sets in (X,T). Since (X,T) is a fuzzy P-
space, the fuzzy Gg-sets (A;)’s are fuzzy open setsin (X,T).Then, (4;)’s are fuzzy dense and fuzzy open sets
(X,T). By theorem ??, (1 — A;)’s are fuzzy nowhere dense sets in (X,T). Since (X,T) is a fuzzy semi Baire
space, int[Vg-, (ua)] = 0, where (ug)’s are fuzzy nowhere dense sets in (X, T). Let the first N(u,)’s be
(1—-21) in (X,T). But int[Vl, (1-2)] <int[vi-; (ue)] and int[Ve, (,ua)] =0, implies
that  int[V, (1—-2)]=0  and hence int[1—-AY~, (A)]=0. Then 1—cl[AY, (1,)] =0. Hence
cl(AY, (1)) = 1, where (A;)’s are fuzzy dense and fuzzy Gs-setsin (X,T). Therefore (X,T) is a fuzzy semi
Volterra space.

Proposition 3.9 If a fuzzy topological space (X,T) is a fuzzy semi Baire and fuzzy semi submaximal space,
then (X, T) isa fuzzy semi Volterra space.

Proof. Let (4;)’s (i=1 to N) be fuzzy dense and fuzzy Gs-setsin (X, T).Since (X,T) is a fuzzy semi
submaximal space, the fuzzy dense sets (4;)’s are fuzzy open setsin (X,T). Then, (4;)’s are fuzzy dense and
fuzzy open sets (X, T). By theorem ??, (1 — A;)’s are fuzzy nowhere dense sets in (X,T). Since (X,T) is a
fuzzy semi Baire space, int[Vg-; (tg)] = 0, where (u,)’s are fuzzy nowhere dense setsin (X, T). Let the first
N(ug)'s (1 —24) in (X,T).But int[V, (1 —1)] < int[Va=; (e)] and int[Vi-; (ug)] = 0, implies that
intlvl, (1-=2)]=0 and hence int[1-AY,(1)]=0 . Then 1—cl[AN,(1)]=0 . Hence
cl(AY, (1)) = 1, where (A;)’s are fuzzy dense and fuzzy Ggs-setsin (X,T). Therefore (X,T) is a fuzzy semi
Volterra space.

4 Fuzzy semi Volterra spaces and fuzzy semi strongly irresolvable spaces

Proposition 4.1 If 1 =VY, (4;) where (A;)’s are fuzzy a-nowhere dense sets in a fuzzy semi Volterra and
fuzzy semi strongly /rresolvable space (X,T), then A isa fuzzy nowhere dense setin (X,T).

Proof. Let 1 =V, (1,), where (A;)’s are fuzzy o-nowhere dense sets in a fuzzy semi Volterra and fuzzy semi

strongly irresolvable space (X, T). Since (4;)’s are fuzzy g-nowhere dense sets in (X,T), by theorem, ??,

(1 —=2;)’s are fuzzy dense and fuzzy Gg-sets in (X,T). Since (X,T) is a fuzzy semi Volterra space,
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cl(AX; (1=2)) =1.Since (X,T) is a fuzzy semi strongly irresolvable space, clint(AM, (1—21;))=1.
Then, clint(1 —v¥, (1)) = 1. This implies that 1 — intcl(VX, (1;)) =1 and hence intcl(VYX, (1,)) = 0.
Therefore intcl(A) = 0. Hence A is a fuzzy nowhere dense setin (X, T).

Proposition 4.2  If a fuzzy topological space (X,T) is a fuzzy semi strongly irresolvable and fuzzy semi Baire
space, then (X,T) is a fuzzy semi Volterra space.

Proof. Let (1;)’s (i=1 to N) befuzzydense and fuzzy Gg-sets in a fuzzy semi strongly irresolvable and
fuzzy semi Baire space (X, T).Since (X,T) isafuzzysemistronglyirresolvable space, cl(4;) = 1, implies that
clint(1;) = 1. Then 1 —clint(4;) = 0. This implies that intcl(1 —4;) = 0. Hence (1 —A;)’s are fuzzy
nowhere dense setsin (X, T).Supposethat (y;)’s (i=1 to ) arefuzzy nowheredensesetsin (X,T)
in which the first N(y)’s be (1—24;). Now V¥, (1-21) <V, (). Then, int(VE, (1-21)) <
int(V2, (u;)). Since (X, T) is a fuzzy semi Baire space, int(V{2; (4;)) = 0. This implies that int(v¥, (1 —
1)) = 0. Now int(1—AL, (1)) =0, implies that 1 — cl(AL; (1)) = 0. Then cl(A; (1)) =1, where
(4;)’s are fuzzy dense and fuzzy Ggs-setsin (X, T). Therefore (X,T) is afuzzy semi Volterra space.

Proposition 4.3  If a fuzzy topological space (X,T) is a totally fuzzy second category, fuzzy regular and fuzzy
semi strongly irresolvable space, then (X, T) is a fuzzy semi Volterra space.

Proof.Let (4;)’'s (i=1 to N) befuzzydense and fuzzy Gs-setsin (X,T).Since (X,T) isa totally fuzzy
second category, fuzzy regular space, by theorem ??, (X, T) is afuzzy semi Baire space. Then (X,T) is a fuzzy
semi strongly irresolvable and fuzzy semi Baire space. Then, by proposition 4.2, (X,T) is a fuzzy semi Volterra
space.

5 Fuzzy semi Volterra spaces and other fuzzy spaces

Proposition 5.1 [f a fuzzy topological space (X,T) is afuzzy semi o-Baire space, then (X,T) isa fuzzy semi
Volterra space.

Proof. Let (4;)’'s (i=1 too) be fuzzy dense and fuzzy Ggs-sets in a fuzzy semi o-Baire
space (X,T) . Consider the fuzzy set cl(AM; (1)) . Now, 1—cl(A¥, (1)) =int(1-AL, (1)) =
mt(viL, (1=2))). But int(V, (1 —2)) < int(v2; (1 =21)))....... (1). Since the fuzzy sets (A;)’s are
fuzzy dense and fuzzy Gg-setsin (X, T), by Theorem ??, (1 — A;)’s are fuzzy o-nowhere densesetsin (X, T).
Also, since (X, T) is afuzzy semi o-Baire space, int(ViZ; (1—4;)) =0..... (2). Hence, from (1) and (2),
mt(vil, (1-=2))=0 . Then int(1—-AN~, (1)) =0, implies that 1—cl(A¥; (1))=0 . Hence
cl(AY, (1)) = 1, where (A;)’s are fuzzy dense and fuzzy Gs-setsin (X,T). Therefore (X,T) is a fuzzy semi
Volterra space.

Proposition 5.2 [f the fuzzy topological space (X,T) is a fuzzy semi D-Baire space, then (X,T) is a fuzzy
semi Volterra space.

Proof. Let (4;)’'s (i=1 to N) be fuzzy dense and fuzzy Ggs-setsin (X,T). Then, by theorem 2.2, (1 —
A;)’s are fuzzy first category sets in (X, T). Since (X,T) is a fuzzy semi D-Baire space, (1 — 4;)’s are fuzzy
nowhere dense setsin (X, T).Supposethat (y;)’s (i=1 to o) arefuzzy nowheredensesetsin (X,T)
in which the first N(y;)’s be (1 — 4;). Hence V2, (i;) is a fuzzy first category set. Again, since (X,T) is a
fuzzy semi D-Baire space, Vi2; (4;) is a fuzzy nowhere dense set in (X,T). Then, by theorem ??, (1 —
V2, (1)) is a fuzzy dense set in (X,T) and hence A2, (1 —p;) is a fuzzy dense set in (X, T). That is,
AMZ, (T—p) =1 . Now A2y (1—p) <A, (1—p) =A%, (1— (1-2)) =AlL, (4) . Hence
(A2, (=) <cl(AM; (1)) and hence 1<cl(AN; (X)) . That is, cl(AX, (1)) =1 . Hence
cl(AX; (1)) = 1, where (A;)’s are fuzzy dense and fuzzy Gs-setsin (X,T). Therefore (X,T) is a fuzzy semi
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Volterra space.

Proposition 5.3  If the fuzzy topological space (X,T) is a fuzzy semi Volterra and fuzzy P-space and if A =
AN (1), where (A;)’s are fuzzy dense and fuzzy Ggs-setsin X, then cl(A) =1 but int(1) #0,in (X, T).

Proof. Let 1 =AY, (1,), where (4;)’s are fuzzy dense and fuzzy Gg-setsin (X,T).Since (X,T) is fuzzy semi
Volterra space, cl(1) = cl(AN, (1)) = 1 implies that cl(1) = 1. Now it has to be proved that int(1) # 0.
Since (X,T) is fuzzy semi Volterra space, as in the proof of proposition ??, there exists a fuzzy F;-set u in
(X,T) such that 1—A<pu. Since u is a fuzzy F;-set, 1—pu is a fuzzy Gg-set in
(X,T). Since (X,T) is a fuzzy P-space, the fuzzy Gg-set (1 — ) is a fuzzy open set in (X,T).
Then p is fuzzy closed setin (X, T). Therefore cl(u) = u. Now cl(1 — 1) < cl(p). Therefore 1 —int(4) <
cl(u) = p. Then 1 — p < int(A). Therefore int(1) #0,in (X, T).

Proposition 5.4 If the fuzzy P-space (X,T) is a fuzzy semi hyperconnected space, then (X,T) is a fuzzy
semi Volterra space.

Proof. Let (4;)’s (i=1 to N) be fuzzy dense and fuzzy Gg-sets in (X,T). Since (X,T) is a fuzzy P-
space, the fuzzy Gs-sets (4;)’s are fuzzy opensetsin (X,T).Then AN, (4;) € T.Since (X,T) isa fuzzy semi
hyperconnected space, AN, (4;) € T, implies that cl(A}, (1,)) = 1, where (A;)’s are fuzzy dense and fuzzy
Gs-setsin (X,T). Therefore (X,T) isafuzzy semi Volterra space.

Proposition 5.5 If the fuzzy topological space (X,T) is a fuzzy semi submaximal and fuzzy semi
hyperconnected space, then (X,T) is a fuzzy semi Volterra space.

Proof. Let (4;)’'s (i=1 to N) be fuzzy dense and fuzzy Gg-setsin (X,T). Since (X,T) is a fuzzy semi
submaximal space, cl(};) =1, implies that A; € T. Now A; € T implies that AX, (1;) € T. Also since
(X,T) is a fuzzy semi hyperconnected space, AY, (1,) € T, implies that cl(AX, (1)) = 1, where (4;)’s are
fuzzy dense and fuzzy Gg-setsin (X, T). Therefore (X,T) is afuzzy semi Volterra space.

Proposition 5.6  If a fuzzy topological space (X,T) is a totally fuzzy second category, fuzzy regular and fuzzy
P-space, then (X, T) is afuzzy semi Volterra space.

Proof. Let (X,T) be a totally fuzzy second category, fuzzy regular and fuzzy P-space. Let (4;)’s (i =
1to o00) be fuzzy dense and fuzzy Gg-setsin (X,T).Since (X,T) isa P-space, (4;)’s are fuzzy Gg-sets in
(X,T) implies that (4;)’s are fuzzy open setsin (X, T). By theorem ??, (1 — A;)’s are fuzzy nowhere dense
sets in (X, T). Now the fuzzy set A =V;2; (1 —4;) is a fuzzy first category set in (X,T). Since (X,T) is a
totally fuzzy second category, fuzzy regular space, by theorem ??, (X,T) is a fuzzy semi Baire space. Then by
theorem ??, int(4) =0 in (X, T). This implies that int(ViZ, (1 —4;)) = 0. Then int(1 =A2Z; (4;)) =1-—
cl(A2, (1)) implies that 1 —cl(A2, (1)) =0. That is, cl(A2; (4))=1. Then, cl(A¥, (1)) =
1, where (4;)’s are fuzzy dense and fuzzy Gg-sets in (X,T) [since cl(AZ; (4)) <
cl(AY, (1;))]. Therefore (X,T) is a fuzzy semi Volterra space.

Proposition 5.7 Let the fuzzy topological space (X,T) be a fuzzy maximally irresolvable and fuzzy semi
hyperconnected space. Then (X,T) is a fuzzy semi Volterra space.

Proof. Let (X,T) be a fuzzy maximally irresolvable space. Then (X, T) is a fuzzy irresolvable space and every
fuzzy dense set is a fuzzy opensetin (X,T).Let (4;)’'s (i=1 to N) be fuzzy dense and fuzzy Gg-setsin
(X, T). Then by hypothsis, (4;)’s are fuzzy open sets in (X, T). Therefore AN, (1;) is fuzzy openin (X,T).
Since (X,T) is a fuzzy semi hyperconnected space, AN, (1;) is a fuzzy dense set in (X,T). Hence
cl(AX; (1)) = 1, where (A;)’s are fuzzy dense and fuzzy Gs-setsin (X,T). Therefore (X,T) is a fuzzy semi
Volterra space.
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Remark. The relationship among the classes of fuzzy semi Baire spaces, fuzzy semi Volterra spaces and fuzzy
weakly Volterra spaces can be summarized in the following figure.

Fuzzy semi submaximal
spaces and fuzzy semi
second category spaces

Fuzzy semi D-Baire Fuzzy semi P-spaces
spaces and fuzzy semi and fuzzy semi second
second category spaces category spaces

S 7
" il Y

Fuzzy semi c-second Fuzzy almost semi
category spaces irresolvable spaces

Fuzzy semi
weakly Voltera
spaces

Remark. The relationship among the classes of fuzzy semi Baire spaces, fuzzy semi strongly irresolvable spaces,
fuzzy semi submaximal spaces, fuzzy semi P-spaces, totally fuzzy second category spaces, fuzzy semi o-Baire
spaces, fuzzy semi D-Baire spaces, fuzzy reqular spaces, fuzzy semi hyperconnected spaces and fuzzy semi
Volterra spaces can be summarized in the following figure.

Fuzzy semi submaximal
spaces and fuzzy semi
second category spaces

Fuzzy semi D-Baire Fuzzy semi P-spaces
spaces and fuzzy semi and fuzzy semi second
second category spaces category spaces

S A
il =

Fuzzy semi o-second Fuzzy almost semi
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Fuzzy semi
weakly Voltemra
spaces
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