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INTRODUCTION

Csa” sza’ r A" introduced the concept of an operation on the powerset P(X) of a topological
space. Balasubramanian G? introduced the concept of fuzzy f-open sets. Amudhambigai B and
Rowthri M? studied the notion of fuzzy operator y* on a family of fuzzy a-open sets in a fuzzy
topological systems in B-algebra. Normality plays an important role in general topology. Some
generalised notions of normality such as almost normal®, almost regulars, k-normal®, o-normal’, -
normal’, semi-normal®, 6-normal® spaces were introduced and studied.

In this paper, the concept of fuzzy operation ¥ on a family of fuzzy f open sets is introduced.
Further, the notions of fuzzy p-W-almost S-normal spaces, fuzzy p-W-almost regular spaces are
introduced and their properties are established. Also the concepts of fuzzy p-¥-nearly normal spaces,
fuzzy p-¥-6-normal spaces and fuzzy f-W-weak k-normal spaces are introduced and some of their

properties are discussed.

PRELIMINARIES
Definition 2.1. Let (X, 7 ) be a fuzzy topological space. Let 4 be any fuzzy set. Then 4 is said to be a

fuzzy p-open set if 1 =l (int(cl (4))). The complement of a fuzzy /5 open set is fuzzy f-closed.
Notation 2.1. Let (X, ) be a fuzzy topological space. Then FSO(X) denotes the family of all fuzzy
p-open sets of (X, 7) and FAC(X) denotes the family of all fuzzy p-closed sets of (X, 7).

Definition 2.2. Let (X, T) be a fuzzy topological space. Then X is called fuzzy T space iff for each
pair of distinct fuzzy points x;and y, of X, there exist fuzzy open sets G, H containing x; and y,

respectively such that y, €/ G and x; €/ H.
Definition 2.3. A fuzzy point p in X is a fuzzy set with membership function By (%) y, for x = %o

and #» () = 'D, otherwise where 0 <y <1. p is said to have support xo and value y.

Definition2.4.[8] A fuzzy point Xx; is said to be quasi-coincident with a fuzzy set A, denoted by
X:9A, iff 1 > 1-A(x) or A+A(x) > 1.

Definition2.5. A fuzzy set A is said to be quasi-coincident with another fuzzy set B, denoted by A q
B, iff there exists x € X such that A(x) >1-B(x) or A(x) + B(x) >1. If this is true, we also say that
A and B are quasi-coincident (with each other) at x. It is clear that if A and B are quasi-coincident at
X, both A(x) and B(x) are not zero andhence A and B intersect at x.

Definition 2.6. Let A and B be two fuzzy sets. Then A cB iff A and 1 — B are not quasi-coincident;

denoted by A a, —B, particularly, x; € Aiff x,is n o t quasi-coincident with 1 — A.
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Definition 2.7. A topological space is said to be almost normal if for every pair of disjoint closed
sets Aand Bone of which is regularly closed, there exist disjoint open sets U and V such that AC U
and B V.

Definition2.8. A topological space X is said to be almost regular if for every regularly closed A
and a point x & A, there exist disjoint open set U and Vsuch that A € U and x €V.

Definition2.9. A topological space X is said to be a-normal if for any two disjoint closed subsets A
and B of X there exist disjoint open subsets U and V of X such that A N U is dense in A and B N U
is dense in B.

Definition2.10. A space X is f-normal if for any two disjoint closed subsets A and B of X there
exist open subsets U and V such that A N U is dense in A, BN U is dense in B and U NV =@.
Definition2.11. A space X is said to be semi-normal if for every closed set A contained in an open
set U, there exists a regularly open set V such that A c V c U.

Definition 2.12. A space is k-normal if for every pair of disjoint regularly closed sets E, F of X there
exist disjoint open subsets U and V of X such that E € U and FC V.

Definition2.13. A topological space X is said to be nearly normal if every pair of non empty
disjoint sets one of which is J-closed and the other is regularly closed are contained in disjoint open
sets.

Definition 2.14. Atopological space X is said to be weakly 6-normal if every pair of disjoint 6-

closed sets are contained in disjoint open sets.

FUZZY pB-Y-ALMOST-f NORMAL SPACES AND FUZZY g-¥- ALMOST
REGULAR SPACES

In this section, the concepts of fuzzy operation, fuzzy p-¥- normal spaces, fuzzy - - almost
p-normal spaces, fuzzy p-W-almost regular spaces, fuzzy p-¥-weak 6-normal spaces, fuzzy p-¥-k-
normal spaces and fuzzy pS-W-6-normal spaces are introduced. Some interesting properties are
discussed.

Definition 3.1. Let (X, 7) be a fuzzy topological space. A function ¥ : FO(X) —I"is called a fuzzy

operation on FSO(X), if for each 0x™ A €FBO(X), Fint(4) i‘:‘P(/l) and W(0x) = Ox.

Notation 3.1.Let (X, v ) be a fuzzy topological space. Then FO(X) denotes the set of all fuzzy
operations on FSO(X).

Remark 3.1.1t is facile to examine that some examples of fuzzy operations on FSO(X) with the
familiar fuzzy operators like Fint, Fint(Fcl), Fint(Fcls), Fcl(Fint), Fint(Fcl(Fint)), Fcl(Fint(Fcl)).
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Example 3.1.Let X = {a, b} and 7 = { Ox, 1x, 41, A2} Where 4: X [0, 1] for i=1,2 is defined as
follows 41(a)=0.4, 21(b)=0.6; 42(a)=0.8, 12(b)=0.7. Clearly, (X,z) is a fuzzy topological space. Let
Y=Fcl(Fint). Consider the fuzzy $ open set g where p(a) = 0.5, pu(b) = 0.6. Then Fcl(Fint(u)) = 1x.
Also Fint(p) = Z;. Hence Fint(p) <W¥(p) and ¥(0x) = Ox. Similarly, Fint(W) <W¥(W), i € I and ¥(0x) =
Ox for all i€ FFO(X). Thus V¥ is a fuzzy operation on FFO(X).

Definition3.2. Let (X,7) be a fuzzy topological space and ¥ € FO(X). Let 1 € I*be any fuzzy /8 open

set. Then 4 is called a fuzzy f-W-open if 1 = W(2). The complement of a fuzzy S-W-open set is a
fuzzy S-W-closed set.

Notation 3.2.Let (X, ) be a fuzzy topological space. The family of all fuzzy p-¥- open sets and
fuzzy p-W-closed sets are denoted by FAYO(X) and FFYC(X) respectively.

Example 3.2.Let X = {a, b}. As in Example 3.1 define the fuzzy topology = = {Ox, 1x, 41, 42}
Clearly (X, 7) is a fuzzy topological space. Let ¥ = Fcl(Fint). Consider the fuzzy f open set p
where p(a) = 0.6, u(b) = 0.6. Then Fcl(Fint(i)) = 1x. Hencep < W().This implies that p is a fuzzy
p-P- open set. Also (1—p)=y where y(a)= 0.4 and y(b)=0.4 and so (1) is a fuzzy p-¥-closed set.
Definition 3.3.Let (X, 7) be a fuzzy topological space and ¥ € FO(X). Let 2 be any fuzzy set. Then
the fuzzy g-P-interior of A denoted by Fg-W-int(2) is defined as Fp-¥-int(1) = v{u; 1 € FAYO(X)
and A >p}.

Definition 3.4.Let (X, 7 )be a fuzzy topological space and ¥ € FO(X). Let 1 be any fuzzy set. Then
the fuzzy p-W-closure of 1 denoted by Fg-W-cl(4) is definedas Fp-W-cl(4) = A{y; 1 € FAYC(X) and 1
<p}.

Definition 3.5.Let (X, 7)) be a fuzzy topological space and ¥ € FO(X). Let 1 be any fuzzy set. Then
2 is called a fuzzy p-¥- regular open (resp.fuzzy p-¥- regular closed) set of (X, z) if A = FS-¥-
int(FS-W-cl(1))(resp.A=Fp-Y-cl(FS-P-int(4))).

Notation 3.3.Let (X, ) be a fuzzy topological space. The family of all fuzzy p-¥- regular open sets
and fuzzy p-W-regular closed sets are denoted by FAYRO(X) and FAYRC(X) respectively.
Definition3.6.Let (X,7) be a fuzzy topological space and ¥ € FO(X). Then (X,z) is said to be a fuzzy

p-¥- almost normal space if for any two fuzzy S-P- closed sets 4, pL one of which is fuzzy p-¥-

regular closed such that 4 d M, there exist fuzzyp-¥-open sets o, y with ¢ q ysuchthat A <dand p <
P
Definition 3.7.Let (X, 7) be a fuzzy topological space and ¥ € FO(X). Then (X,7) is said to be a

fuzzy p-¥- almost p-normal space if for any two fuzzy g-'V- closed sets 4, p one of which is fuzzy
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S-¥- regular closed such that 1 q H, there exist fuzzy p-¥-open sets o, y with ¢ q y such that

Fp-W-cl(onL ) = 4, FB-P-cl(y Ap) = pand FS-P-cl(9) 7 Fp-Y-cl(y).
Proposition 3.1.Let (X, 7 )be a fuzzy topological space and let ¥ € FO(X). Then the following are
equivalent:

() (X, 7)is fuzzy p-¥- almost -f- normal,

(i) For /A, p are fuzzy p-¥- closed sets with 1 q pand 4 is fuzzy p- W-regular closed, there exist a
fuzzy p-W-open set o such that g = Fg--cl(0Ap) and 4 q Fp-¥-cl(0),

(i) For 1 is fuzzy p - W- closed, y is fuzzy p - ¥- regular open such that A <y, there exists a fuzzy f-
P-open set J such that A = FB-¥- cl (A A ) <EB-¥-cl(9) <.

Proof :(i) = (ii) Let 4, }fbe fuzzy p-¥-closed sets with ja p and 2 be fuzzy p-W-regular closed.
Since (X, 7)) is fuzzy p-¥-almost S-normal, there exist fuzzy p-W-open sets y, ¢ such that A = Ff-¥-
oIy A 2) =FAW-cl(y), L= FAP-CI(0A W) = FA-P-cl(8) and FA-W-cl(y) I Fp-w-cl(5). This implies
that 2 7 Fp-¥Y-cl(0). Hence (i)=(ii) is proved.

(if)=>(i) Let 4, p € FAYC(X) with 1 ﬁp and 4 is fuzzyp-¥-regular closed. By(ii), there exists a fuzzy
p-P- open set 0 such that g = FB-¥-cl( 0 A p) and A q Fp-¥-cl(o). Let y =Fp-¥-int(1). Hence A = Fp-
Y-cl(yAL ). Also Fp-¥-cl(y) = 2 and hence Fg-¥-cl(y) @_F,B—‘P—cl(é). He nce (ii)=(i) is proved.
(i)=(iii) Let 4 be fuzzy p-¥Y-closed and y be fuzzy p-¥- regular open. Let 1 = y. Since y is fuzzy p-\-
regular open, 1x 7y is fuzzy p-¥-regular closed. Since (X, 1) is fuzzy g-¥- almost p-normal, there
exist open sets # and o such that 1x—y = Fg-¥-cl (5 A (1x—y)) < FS-Y-cl(), A = Fp-¥-cl( 0 A 2) < Fp-

w-cl(8) and FB-¥-cl(y) T Fp--cI(s). This implies that (Lx—y) ¢ FA-P-cl(5). Hence F # - ¥~ cl(d)
<. Thus (i)=(iii) is proved.

(iii)=>(ii)Let A, p be fuzzy p-V¥-closed sets with 4 ¢ M, and let 2 be fuzzy p-¥-regular closed. Then p
< (1x—4) and 1x—4 is fuzzy S-P- regular open. By(iii), there exist a fuzzy f -¥-open set ¢ such that p
= Fp-Y-cl(oAp) < ES-P-cl(0) < (1x—4). This implies that F5-¥-cl(o) q A. Hence (iii)=(ii) is proved.
Definition 3.8.Let (X, 7 ) be a fuzzy topological space and ¥ € FO(X). Then (X, ) is said to be a
fuzzy p-W-extremally disconnected space if fuzzyp-W-closure of every fuzzy p-W-open set is
fuzzyp-¥-open.

Equivalently, A fuzzy topological space (X, ) is said to be fuzzy p-¥-extremally disconnected space

if and only if for any two fuzzy S-V-open sets 4, 4 with 2 q p such that FS-¥-cl() q Fp-Y-cl(p).
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Proposition 3.2.Let (X, 7 )be a fuzzy topological space and ¥ € FO(X). If (X, 7)) is fuzzy p-¥-
extremely disconnected and fuzzy pg-W-almost g-normal space, then (X, 7 ) is fuzzy f-¥-almost
normal.

Proof :Let (X, 1) be a fuzzy S-W-extremally disconnected and fuzzy f-¥-almost S-normal space. Let

2, W be fuzzy p-¥-closed sets of (X, ) respectively where one of which is fuzzy p-W-regular closed
such that 27 M. Since (X,7) is fuzzy p-¥- almost S-normal, there exist fuzzy p-V-open sets d, y with 6
@ such that FA-¥-cl(8 A 1) = 4, F-¥-cl(y A W) = wand FA-¥-cl(5) & F-P-cI(y). This implies that 2

= Fp-¥-cl(o) and pi: Fp-¥-cl(y). Since (X, 7) is fuzzy p-¥-extremally disconnected space, Ff-Y-
cl(0) and Fp-Y-cl(y) are fuzzy S--open sets of (X, 7) respectively. Hence (X, 7) is fuzzy S-¥-almost
normal.

Definition3.9. Let (X, 7) be a fuzzy topological space and ¥ € FO(X). Then (X, 7) is said to be a

fuzzy p-W-almost regular space if for every fuzzy S-W-regular closed set 1 and a fuzzy point x; such

that x; q /., there exist fuzzy p-¥- open sets J, y with o q y such that x; < ¢ and 4 <y.
Definition 3.10.Let (X, 7 ) be a fuzzy topological space and ¥ € FO(X). Then (X,z) is called a fuzzy

S-¥-T1 (denoted by FB-¥-T,) space if for any two fuzzy sets 4, p € 1* with 1 g M, there exist y, 0 €

FAPO(X) such that A<y, p T yand p<s,2 4 6.

.Equivalently, (X, 7 ) is called a fuzzy f-V-Ti(denoted by Fp-¥-T,) space if every fuzzy point in (X,
t) is fuzzy p-W-closed.

Proposition 3.3.Let (X, 7 )be a fuzzy topological space and ¥ €FO(X). If (X, ) is a fuzzy S-¥-
Tispace and fuzzy p-¥-almost S-normal space, then (X, 7 ) is fuzzy p-¥-almost regular.

Proof: Let A be a fuzzy f-¥- regular closed set of (X, 7) and x; be a fuzzy point such that x; ¢
. Since (X, 7) is a fuzzy p-¥-Ti space, every fuzzy point in (X, 7) is fuzzy p-¥-closed in fuzzy S-¥-

T space and since (X,7) is fuzzy p-¥-almost p-normal, there exist fuzzy S-V-open sets d, y with ¢ q
ysuchthatx <9, Fg-¥-cl(y A1) = 12 and FS-¥-cl(9) q Fp-¥-cl(y). Since A < Fp-Y-cl(y) and Fp-¥-
cl(o) a Fp-Y-cl(y), A < (1x—Fp-¥Y-cl(9)). This implies that there exist fuzzy p-¥-open sets ¢ and (1x—

Fp-¥-cl(0)) with 6 q (1x— Fp-¥-cl(0)) such that ;< ¢ and 2 < (1x— Fp-¥-cl(d)). Hence (X, 7) is
fuzzy f-W-almost regular.

Definition 3.11.Let (X, 7) be a fuzzy topological space and ¥ € FO(X). A fuzzy set 2 € I" in (X, 7)
is called a fuzzy p-¥-Q-neighborhood of a fuzzy point x, € FP(X) iff there exists a fuzzy S-¥-open
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set W such that x, g 4 =) If) isa fuzzy p-¥- open set (resp.fuzzyp-¥-closed set),then 4 is called
a fuzzy p-¥-open Q-neighborhood (resp. fuzzy p-\P-closed Q-neighborhood) ofx;.

Definition 3.12. Let (X, 7 ) be a fuzzy topological space and ¥ € FO(X). A fuzzy point x; is said to
be a fuzzy p-¥-6-cluster point of a fuzzy set 1 iff for every fuzzy p-¥-open Q-neighborhood ¢ of x;,
Fp-¥-cl(o) is fuzzy quasi coincident with A. The set of all fuzzy S-V-6-cluster points of 4 is called the
fuzzy S-W-6-closure of 1 and denoted by Fj-¥-cly(2).

Definition 3.13.Let (X, 7) be a fuzzy topological space and ¥ € FO(X). The fuzzy g-¥-6-interior of
/. denoted as Fp-Y-inty(4) and is defined as

FB-¥-inty(2) = 1x— FS-P-cly(1x—4).

Definition3.14.Let (X, 7) be a fuzzy topological space and ¥ € FO(X). A fuzzy set A € I*is said to
be fuzzy p-¥-6-closed (resp. fuzzy p-¥-6-open) if A = FS-W-cly(4) (resp. 4 =Fp-¥-inty(1)).
Equivalently, A fuzzy set 1 € 1Xin (X, 7) is said to be fuzzy p-¥-6-open if and only if for each fuzzy
point x; < 4, there exists a fuzzy p-¥-open set p such that x; < g < Fg-W-cl(p) <A

Definition 3.15. Let (X, 7) be a fuzzy topological space and ¥ € FO(X). Then (X, 7) is said to be

fuzzy p-¥-weak-6-normal if for any two fuzzy f-¥-6- closed sets 4, i such that 1 q M, there exist

fuzzy S-W-open sets d, y with 0 a ysuchthat A< ¢ and p<py.

Definition 3.16. Let (X, 7) be a fuzzy topological space and ¥ € FO(X). Then (X, 7) is said to be
fuzzy p-W-k-normal if for any two fuzzy g-'P-regular closed sets 4, p with 1 q M, there exist fuzzy g-
Y-opensetsd, ywi th ¢ q ysuchthat A<dand p<y.

Proposition3.4.Let ¥ € FO(X). A fuzzy topological space (X, 7) is fuzzy p-¥-almost regular if and
only if forevery fuzzy p-W-open set 1, Fp-W-int(Fg-W-cl(1)) is fuzzy S--6-open.

Proof: Let 1 € FAYO(X). If FS-P-int(FS-P-cl(2))=1x, then the proof is obvious. If FS-¥-
int(FS-Y-cl(4)) = 1xand if for any fuzzy point x < Fg-W-int(Fg-W-cl(4)) and a fuzzy f--regular
closed set (1x—Fp-P-int(Fp-Y-cl(2))), then x; 7 (Ix—Ep-Y-int(Fp-Y-cl(2))). Since (X, 7) is fuzzy p-¥-
almost regular,there exist fuzzy p-¥-open sets o, y with o q y such that x < ¢ and (1x—Fp-P-int(Fp-
W-cl(2))) < 7. It follows that FA-P-cl(s) 7 y and hence FA-¥-cl() = (1x ) = FA-P-int(FB-¥-cl(2)).
By Definition 3.14., it is clear that Fp-W-int(Fp-VY-cl(4)) is fuzzy S-¥-6-open.

To prove the converse, let A be a fuzzy f-W-regular closed set of (X, z) and x; be a fuzzy point such
that x; q,, Then x;< (1x—1). Since 1x—4 is fuzzy p-¥-regular open, (1x— 1) = Fp-Y-int(Fp-¥-cl(1x—
7)), which is fuzzy p-¥-6-open. By Definition 3.14., there exists a fuzzy S-¥-open set p with x; <
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=

such that Fp-¥-cl(l) = (I1x—4). Thus p q (Ix—Fp-¥-cl(n)), xc = p and 1 = (1xFp-¥-cl(p)). Hence
(X, 7) is fuzzy p-¥-almost regular.

Proposition 3.5.Let (X, 7) be a fuzzy topological space and let ¥ € FO(X). If (X, 7) is fuzzy S-¥-
almost regular and fuzzy p-¥-weak-6-normal, then (X, ) is fuzzy S-¥-k-normal.

Proof: Assume (X, 7) is fuzzy p-W-almost regular and fuzzy p-¥-weak-6-normal. Let 4, p €

FAYRC(X) such that 4 q . Since A is fuzzy f-W-regular closed, 1x—4 i s fuzzy p-W-regular open and
hence 1x—4 = FS-P-int(FS-W-cl(1x—4)). By Proposition 3.4., 1x—/ is fuzzyf-¥-6-open and therefore 4
is fuzzy p-W-6-closed. Similarly, p is fuzzy p-W-6-closed. Since (X, z) is fuzzy p-¥-weak-6-normal,
there exists fuzzy p-¥-open sets d, y with 6 q y such that 2=5 and M = y. Hence (X, 7) is fuzzy f-
W-k-normal.

Proposition 3.6.Let (X, 7) be a fuzzy topological space and let ¥ € FO(X). If (X, 7) is fuzzyp-¥-T;,
fuzzy f-W-weak-6-normal and fuzzy g-W-almost g-normal, then (X, 7) is fuzzys-W-k-normal.

Proof: Let (X, 7) be fuzzy p-¥-Ti, fuzzy p-W-weak-6-normal and fuzzy p-¥-almost g-
normal. By Proposition3.3., (X, 7) is fuzzy p-¥-almost regular. Again by Proposition 3.5., (X, ) is
fuzzy f-W-k-normal.

Definition 3.17. Let (X, 7) be a fuzzy topological space and let ¥ € FO(X). Then (X, 7) is said to be
fuzzy p-W-6-normal if for any two fuzzy S-W-closed sets A, p one of which is fuzzy g-¥-6-closed

such that 1 q M, there exist fuzzyf-W¥-open sets d, y with ¢ @y such that 1 <¢ and p <y.
Proposition 3.7. Let (X, 7)be a fuzzy topological space and let ¥ € FO(X). If (X, z) is fuzzy
p-Y-almost regular and fuzzy S-W¥-6-normal, then (X, 7) is fuzzy f-¥-almost normal.

Proof : Let (X, 7) be fuzzy p-W-almost regular and fuzzy g-¥-6-normal. Let 4, p be fuzzy g-

W-closed sets of (X, z) with A q M such that 4 is fuzzy g -P-regular closed. Hence 1x—4 is fuzzy p-\¥-
regular open. This implies 1x—4 = Fg-P-int(FS-W-cl(1x—4)). By Proposition 3.4., 1x—4 is fuzzy S-¥-
6-open and hence A is fuzzy f-¥-6-closed. Since (X, 7) is fuzzyp-¥-6-normal, there exist fuzzy p-¥-

open sets d, y with o q y such that 1 = sand 3} Ey. Hence (X, 7) is fuzzy f-W-almost normal.
Proposition 3.8.Let (X, 7) be a fuzzy topological space and let ¥ € FO(X). If (X, 7) is fuzzy p-¥-
Ta, fuzzy p-¥-6-normal and fuzzy p-¥-almost f-normal, then (X, z) is fuzzy p-¥-almost-normal.
Proof : Let (X, 7) be fuzzy p-¥-T,, fuzzy p-¥-6-normal and fuzzy p-¥-almost g-normal. By
Proposition 3.3., (X, 7) is fuzzy p-¥-almost regular. Again by Proposition 3.7., (X, 7) is fuzzy S-¥-

almost-normal.
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FUZZY p-¥Y-SEMI-NORMAL SPACES

In this section, the notions of fuzzy S-Y-semi-normal spaces, fuzzy S-W-regular spaces and
fuzzyp-¥-a-normal spaces are introduced and some of their properties are discussed.

Definition4.1. Let (X, 7) be a fuzzy topological space and ¥ € FO(X). Then (X, 7) is said to be fuzzy
p-¥-semi-normal if for every fuzzy p-¥-closed set A and a fuzzy p-'V-open set p such that 4 = H,

there exists a fuzzy p-W-regular open set y such that 4 = yi":p.
Definition 4.2. Let (X, 7 ) be a fuzzy topological space and ¥ €FO(X). Then (X, 7 ) is said to be

fuzzy p-W-regular if for every fuzzy point x; € FP(X) and every fuzzy p-¥-closed set 4 such that x a

J, there exist fuzzy S-W-open sets d, y with 6 7 y such that x,< ¢ and 4 <y.
Proposition 4.1. Let (X, 7 ) be a fuzzy topological space and let ¥ € FO(X). If (X, z) is fuzzy S-¥-
Ta, fuzzy p-¥-semi-normal and fuzzy p-W-almost g-normal, then (X, 7) is fuzzy S-W-regular.

Proof :Let (X, t ) be a fuzzy p-¥-T,, fuzzy f-¥-semi-normal and fuzzy pg-¥-almost g-

normal space. Let A be a fuzzy p-¥-closed set and a fuzzy point x; such that x; q,, Since (X, 7) is

fuzzy p-W-Ti, every fuzzy point x; € FP(X) is fuzzy p-W-closed. Since (X, 7) is fuzzy S-W¥-semi-
normal, there exists a fuzzy f-P-regular open set p such that x; = 3} = 1x—A. Now y = 1x—p is a fuzzy

p-P- regular closed set such that 1 i‘y with x; q y. Also since (X, 7)) is fuzzy p-¥-T; and fuzzy p-¥-

almost g-normal, by Proposition 3.3., (X, ) is fuzzy p-¥-almost regular. This implies that there exist

fuzzy S-W-open sets d, n with 6 q 7 such that x =5and / i:y 5;7. Hence (X, 7) is fuzzyp-¥-regular.
Proposition 4.2.Let (X, ) be a fuzzy topological space and let Y€ FO(X). If (X, 7) is fuzzy p-¥-
almost g-normal and fuzzy g-¥-k-normal, then (X, ) is fuzzy p-¥-almost normal.

Proof :Let (X, 7) be a fuzzy p-¥-almost S-normal and fuzzy p-¥-k-normal space. Let 4, p be
fuzzy p-W-closed sets in which 2 is a fuzzy p-W-regular closed set such that 1 q M. Since (X, 7) is

fuzzy p-W-almost p-normal, there exist fuzzy f-'- open sets o, y with 6 q y such that Fp-¥-cl(4 AJ) =
J-and Fp-¥-cl(u Ay) = W. This implies that A < Fg-W-cl(6) and p < FB-¥-cl(y). Hence Fp-W-cl(o) and

Fp-¥-cl(y) are fuzzy p-W-regular closed sets with Fg-¥-cl(9) 7 Fp-Y-cl(y). Since (X, 7)is fuzzy -
W-k-normal, there exist fuzzy S-W-open sets 71, 72 with 1 q n2 such that Fg-W-cl(o) = n and FS-W-

cl(y) EF;72. Hence (X, 7) is fuzzy S-¥-almost normal.
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Definition 4.3.Let (X, 7) be a fuzzy topological space and ¥ € FO(X). Then (X, 7) is said to be fuzzy
p-Y-a-normal if for anytwo fuzzy p-¥-closed sets 4, i such that A q M, there exist fuzzy p-¥-open
sets d, y with ¢ a y such that Fg-W-cl(4 Ad) = 2 and FS-W-cl(u Ay) = W

Proposition 4.3. Let (X, 7 ) be a fuzzy topological space and let ¥ € FO(X). If (X, 7) is a fuzzy g-

Y-semi-normal and fuzzy S-¥-almost g-normal space, then (X, 7) is fuzzy p-¥-a-normal.

Proof : Let (X, 7) be a fuzzy f-¥-semi-normal and fuzzy g-¥-almost f-normal space. Let 4, 4
be fuzzy p-¥-closed sets such that A q M. This implies that A i:1x—p. Since (X, 7) is fuzzy p-¥-
semi-normal, there exists a fuzzyp-¥-regular open set y such that 1 = y i:1x—p. Now 4 and 1x—y are
fuzzy p-W-closed sets in which 1x—y is a fuzzy p-¥-regular closed set such that p i":lx—y. Since (X, 7)
is fuzzy p-¥-almost p-normal, there exist fuzzy S-V-open sets o,  with & q n s u c h that Fg-¥-

cl(An0)=2 and FS-Y-cl((1x—y)An) = 1x—y and Fp-¥-cl(0) q Fp-¥- cl(n). Here 1 = FS-¥-cl(An0) < Fp-
Y-cl(0) and 1x—y = FB-Y-cl((1x—y)An) < ES-P-cl(n). Hence ¢ and 1x—(Fp-Y-cl()) are fuzzy p-¥-

open sets with J q 1x—(Fp- Y-cl(o)) such that Fp-¥-cl(oAZ) = A and p = 1x—y < Ix—Fp-¥-cl(o).
Therefore Fp-Y-cl((1x—Fp-Y-cl(d))Ap)=p. Hence (X, 7) is fuzzy p-¥-a-normal.

FUZZY p-P-NEARLY NORMAL SPACES

In this section, the concepts of fuzzy p-V¥-nearly normal spaces, fuzzy p-¥Y-weak- 6-regular
spaces are introduced and studied.
Definition 5.1.Let (X, 7) be a fuzzy topological space and ¥ € FO(X). Let 1 be any fuzzy set. Then
J is said to be a fuzzy p-W-o-closed set if 1 = Fp-W-cls(A) where Fp-W-cls(d) =

Mu /4 = wandu — pg g o|(Fg-p-int(Y)) . The complement of a fuzzy -¥-5-closed set is fuzzyp-
Y-g-open.
Definition 5.2.Let (X, 7) be a fuzzy topological space and ¥ € FO(X). Then (X, ) is said to be a

fuzzy p-W-nearly normal space if for any two fuzzy S-'V-closed sets 4, p with 4 q p one of which is

fuzzy p-W-o- closed and the other is fuzzy f-W- regular closed, there exist fuzzyfs-¥-open sets o, y

with 6 q ysuchthat A<¢ and p<y.

Remark 5.1. (i) Every fuzzy p-¥-¢ closed set is fuzzy f-¥-closed.

(ii) Every fuzzy p-¥-regular-6-closed set is fuzzy p-W-regular closed.

Proposition 5.1.Let (X, 7) be a fuzzy topological space and ¥ € FO(X). If (X, 7) is a fuzzy S-¥-

almost regular and fuzzy g-¥-6-normal space, then (X, 7) is a fuzzy p-¥-nearly normal space.
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Proof : Let (X, 7) be a fuzzy p-¥-almost regular and fuzzy p-¥-6-normal space. Let 4, | be

fuzzy p-W-closed sets such that 4 ﬁp in which 2 is fuzzy p-W-regular closed and p is fuzzy p-¥-o-
closed. Since every fuzzy p-¥-d-closed set is fuzzy p-¥-closed, [ is fuzzy p-¥-closed. Since (X, 7) is
fuzzy p-W-almost regular, by Proposition3.4., 1 is fuzzy p-¥-6-closed. Since (X, 1) is fuzzy p-¥-6-
normal, there exist fuzzy S-\V-open sets o, y with 6 q y such that 2= 5 and I} = y. Hence (X, 7) is
fuzzy f-W-nearly normal space.

Definition 5.3.Let (X, 7) be a fuzzy topological space and ¥ € FO(X). Then (X, ) is said to be a

fuzzy p-¥-weak-6-regular space if for every fuzzy p-¥-6-closed set A and a fuzzy p-'V-open set p

such that 4 = M, there exists a fuzzy f-W-6-open set y such that A = y i:p.

Proposition 5.2.Let (X, v) be a fuzzy topological space and ¥ € FO(X). If (X, 7) is fuzzy S-¥-
almost regular, fuzzy p-¥-weak-6-regular and fuzzy p-W-weak-6- normal, then (X, 7) is fuzzy p-¥-
nearly normal.

Proof: Let (X, 7) be a fuzzy p-¥-almost regular, fuzzy p-¥-weak-6-regular and fuzzy g-¥-

weak-6-normal space. Let 4, p be fuzzy p-W-closed sets such that 4 q M in which 4 is fuzzy p-¥-
regular closed and p is fuzzy p-W-o-closed. Since(X, ) is fuzzy p-¥-almost regular, by Proposition

3.4., 1 is fuzzy p-¥-6-closed. Now 1x—u is fuzzy S-'V-6-open set such that A <Ix—p. Since (X, 7) is a
fuzzy p-W-weak-6-regular space, there exists a fuzzy p-¥-6-open set ¢ such that =¥ i:1x—p. Hence
M = 1x—0 and 1x—¢ is fuzzyp-Y-6-closed sets such that 1 q 1x—0 . As (X, 1) is fuzzy p-¥-weak-6-

normal, there exist fuzzy S-V-open sets y,  with y 7 n such that 2 <y and 1x—0 <. This implies that
M < #n. Hence (X, 7) is fuzzy p-¥-nearly normal.

FUZZY p-Y-WEAK k-NORMAL SPACES

In this section, the notion of fuzzy p-¥-weak k-normal spaces is introduced. Also an
interesting characterisation is discussed.
Definition 6.1. Let (X, 7) be a fuzzy topological space and ¥ € FO(X). A fuzzy p-¥-6-closed set 1 is
said to be a fuzzy f-¥-regular 6-closed set if 1 = Ff- W-cl(Fg-Y-int(2)).
Definition6.2. Let(X, 7) be a fuzzy topological space and ¥ € FO(X). Then (X, 7) is said to be a
fuzzy p-¥-weak k-normal space if for any two fuzzy p-W-regular 6-closed sets 4, i such that 4 q H,

there exist fuzzy f-Y-open sets o, ywith o q y such that 1 = 5and M = 7.
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Proposition 6.1. Let (X, 7 ) be a fuzzy topological space and ¥ € FO(X). Then (X, 1) is fuzzyp-

W-weak k-normal if and only if for every fuzzy f-W-regular 6-closed set 4 and a fuzzy g-V-regular 6-

open set p such that A = M, there exists a fuzzy p-W-open set o such that 1 =5 EF,[)’—‘I’—Cl((S) = M.
Proof : Let (X, 7) be a fuzzy f-¥-weak k-normal space. Let there be a fuzzy g- W-regular 6-
closed set /1 and a fuzzy p-¥-regular 6-open set p such that 2 < p. Then A and 1x— are fuzzy p-¥-

regular #-closed sets such that A q 1x—p. Since (X, 7) is fuzzy p-¥-weak k-normal, there exist fuzzy

—
-

p-Y-open sets o, y with 6 q y such that A <o and 1x— <y. Therefore 4 =6 S 1x—y = W. Since

1x—y is fuzzy p-¥-closed, 1 == Fp-Y-cl(o) = Ix—y = M. This implies that A =5= Fp-Y-cl(o)

~
=

M.
Conversely assume that 2 and p be fuzzy p-W-regular 6-closed sets in (X, z) such that 1 g M. Then
1x—p is fuzzy p-¥-regular 6-open set such that 1 = 1x—H. Thus by hypothesis, there exists a fuzzy f-
W-open set ¢ such that A SR F,B—‘P—cl(é)i: 1x— Q. Then ¢ and 1x—Fp-¥-cl(o) are fuzzy p-V¥-open
sets such that ¢ q 1x— Fp-W¥-cl(9) such that A =5 andp = 1x— Fp-¥-cl(0). Hence(X, 7) is fuzzy
p-P-weak k-normal.

Proposition 6.2. Let (X, 7 ) be a fuzzy topological space and ¥ € FO(X). For a fuzzy p-¥-almost
regular space, the following are equivalent.

(1) (X, 7)isfuzzy p-¥-k-normal,

(i) (X, ) is fuzzy p-¥-weak-k-normal.

Proof :(i) = (ii) Let 4, u be fuzzy g-W-regular 6-closed sets such that 1 q M. Since every fuzzy p-\-
regular #-closed set is fuzzy S-W-regular closed, and since (X, 7 ) is fuzzy p-¥-k-normal, there exist

—
-

fuzzy p-W-open sets o, y with 5?? y such that 2= and I =y. Hence (X, 7) is fuzzy p-¥-weak-k-
normal.

(if) = (i) Let (X, 7) be a fuzzy p-¥- almost regular and fuzzy p-¥-weak-k-normal space. Let 4, p be
fuzzy p-W-regular closed sets in (X, 7)) such that 4 q M. By Proposition3.4., A and p are fuzzy S-¥-
regular 6-closed sets such that A q . Since (X, 7) is fuzzy S-W-weak-k-normal, there exist fuzzy S-¥-

open sets d, y with 6 q y such that 1 = g and M i:y. Hence (X, ) is fuzzy p-W-k-normal.
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CONCLUSION

The role of normality is vital in general topology. In this paper, several types of fuzzy

normality’s are studied via fuzzy operation. The results in this paper motivate to study further

applications of fuzzy p-¥-almost S-normal spaces and other fuzzy s-¥-normal spaces.

REFERENCES

1. Csa”sza r A"., Generalized open sets, Acta. Math. Hungar., 1997; 75: 65-87.

2. Balasubramanian G., On fuzzy p-compact spaces and fuzzy p-extremally disconnected
spaces, Kybernetika, 1997; 33: 271-277.

3. Amudhambigai B.,and RowthriM., A View on a-y*-FR;(i=0,1) Spaces in Fuzzy Topological
Systems on B-Algebra, The Journal of Fuzzy Mathematics (Accepted).

4. Singal M.K., and Arya S.P., Almost normal and almost completely regular spaces, Glasnik
Mat., 1970; 25: 141-152.

5. Singal M.K. , and Arya S.P., On almost regular spaces, Glasnik Mat., 24 1969; 89-99.

6. Stchepin E.V., Real valued functions and spaces close to normal, Sib. J. Math., 1972; 5:
1182-1196.

7. Arhangel’skii A.V., and Ludwig L., On a- normal and S-normal spaces, Comment. Math.
Univ. Carolin., 2001; 3: 507-519.

8. Vigilino G., Semi normal and C-compact spaces, Duke J. Math., 1971; 38: 57-61.

9. Kohli J. K., and Das A .K., New normality axioms and decompositions of normality,
Glasnik Mat., 2002; 57: 165-175.

10. Mashour A.S., Kerre E.E., and Ghanim M.H., Separation axioms, subspaces and sums in
fuzzy topology, J. Math. Anal., 1984; 102: 189-202.

11. Mukherjee M. N. ,and Debray A., On nearly paracompact spaces and nearly full normality,
Mat. Vesnik, 1998; 50: 99-104.

12. Pao Ming P., and Ying-Ming L., Fuzzy topology. I. Neighborhood structure of a fuzzy point
and Moore-Smith convergence, J. Math. Anal. Appl. 1980; 76: 571-599

13. Wong C.K., Fuzzy points and local properties of fuzzy topology, Journal of Mathematical

Analysis and Applications, 1974; 46: 316-328.

IJSRR, 7(3) July — Sep., 2018 Page 1457



