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Abstract
In this paper we introduce the concepts of weak\yfuP- spaces, fuzzy
almost P-spaces. Also we discuss several charaetevns of fuzzy P-spaces and
weak fuzzy P-spaces, fuzzy almost P- spaces amyltbiel inter-relations between
the spaces introduced. Several examples are giveillulstrate the concepts
introduced in this paper.
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1 I ntroduction

The concept of fuzzy sets and fuzzy set operategre first introduced by L.A.
Zadeh in his classical paper [16] in the year 19B%ereafter the paper of C.L.
Chang [4] in1968 paved the way for the subsequemhdéndous growth of the
numerous fuzzy topological concepts. Since thenmaitention has been paid to
generalize the basic concepts of General Topologfuzzy setting andthus a
modern theory of fuzzy topology has been developediecent years, fuzzy
topology has been found to be very useful in sgivimany practical problems.
Tang [9] has used a slightly changed version ofnf@isafuzzy topological spaces
to model spatial objects for GIS databases anccied Query Language (SQL)
for GIS.In this paper we introduce the conceptseafk fuzzy P-spaces, fuzzy
almost P-spaces.Also we discuss severalcharadtengaf fuzzy P-spaces,weak
fuzzy P-spacesandfuzzyalmost P-spaces, and stuyntér-relations between
thespaces introduced. Several examples are giveitlugirate the concepts
introduced in this paper.

2 Preliminaries

Now we introduce some basic notions and resultd urséhe sequel. In this work
by (X,T) or simply by X, we will denote a fuzzygological spacedue to Chang
(1968).

Definition 2.1: LetA and x be any two fuzzy sets in (X,T). Then we define
Alu X -[0,1] as follows : £74) (x) = Max{i(x), u(x) }. Also we definel [/
i : X - [0,1] as follows : £/4) (x) = Min{ A(xX), u(X) }.

Definition 2.2: Let ( X,T) be a fuzzy topological space dnlde any fuzzy set in
X, T). We defineindf = ulu < A, puT}andcl ) = J{ul 21<u, 1
[T},

For any fuzzy set in a fuzzy topological space (XjTis easy to see that 1-
cl(A) =int(1-1) and 1-intX) = cl(1-) [1].

Definition 2.3[13]: A fuzzy set in a fuzzy topological space (X,T) is called zfuz
dense if there exists no fuzzy closed:set(X,T) such thatl < x4 < 1.

Definition 2.4[13]: A fuzzy set in a fuzzy topological space (X,T) is called zfuz
nowhere dense if there exists no non-zero fuzey sei: in (X,T) such thatu <
cl (). Thatis, int cl f) = 0.

Definition 2.5[3]: A fuzzy set in a fuzzy topological space (X,T) is called ajuz
Fo-setin (X,T) iA = V2, A; where 1-A0 T for i0l.

Definition 2.6[3]: A fuzzy set in a fuzzy topological space (X,T) is called ajuz
GssetinX,T) if 4 = AZZ{4;, where ;T for i/l
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Definition 2.7[1]: A fuzzy set in a fuzzy topological space (X,T) is called
0] a fuzzy regular openset in (X,T) ifintg)(=41 and
(i) a fuzzy regular closed set in (X,T) ifcl i) = A.

Lemma 2.1[1]: For a familyZ = {1, } of fuzzy sets of a fuzzy topological
space (X,T),/cl (1 )= cl (VA ,). In case4 is a finiteset,¢l (4 )=l (v1 ).
Also int(A ) =int(v4 ,).

3 Fuzzy P- Spaces

Based on the classical notion of P-spaces in [2] H),its fuzzy version is
definedin[11] as follows:

Definition 3.1[11]: A fuzzy topological space (X,T) is called a fuzzgpRceif
countable intersection of fuzzy open sets in (,7)zzy open. That is, every non-
zero fuzzy Gset in(X,T), is fuzzy open in(X,T).

Example 3.1: Let X = {a, b, c}. The fuzzy sets, u andvu are defined on X as
follows:

A:X - [0,1] is defined @ga) = 0.1)\(b) =0.3 ;A(c) = 0.1.

u X - [0,1] is defined ag(a) = 0.2u(b) = 0.2;u(c)

0.3.
U: X - [0,1] is defined as(a) = 0.3,u(b) = 0.1p(c) = 0.2.

Then, T={0,A, u, v, ACw) , (L), (WOL), AOw), (ADL), (OL),[AD(nOV)], [vO
(AOw)], [nOA V)], [ALOubu], 1} is a fuzzy topology on X. Now the fuzzy sefsv

={ AMOvO [pOo] O[AOW] }and pO(AD0) ={[ A0 (uDv)]JuE(AOw)} are fuzzy G-
sets in (X,T) and.v ,[uJ(A0L)] are fuzzy openin(X,T). Hence (X,T) is a fuzzy
P-space.

Example 3.2: Let X = {a, b, c}. The fuzzy sets, u andvu are defined on X as
follows:

A: X - [0,1] is defined a&(a) =0.8;M(b) = 0.6 ;A(c) = 07.

u: X - [0,1] is defined ag(a) = 0.6;u(b) = 0.9;u(c) = 0.8.

L : X -[0,1] is defined ag(a) = .7 ;u(b) = 0.5;u(c) = 0.9.

Then, T = {0,A, w0, A0 p, AL, plv, A0 w, AOv, pOo,A(nOL), A (pOV),pO (A
(L), u(A0L), VOO p ), VOO W), [AOuv], 1} is a fuzzy topology on X. Now
the fuzzy set o« = {[A0 (uOL)]uO(X Cv)] QuO (MO w)] }is a fuzzyGs-set in
(X,T).But « is not a fuzzy open set in (X,T). Hence the fuizyological space
(X,T) is not a fuzzy P-space.

Proposition 3.1: If 1 is a non-zero fuzzy,Fset in a fuzzy P- space (X,T), thes
a fuzzy closed set in (X,T).
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Proof: Sincel is a non-zero fuzzy/set in (X,T),A = V;Z;(2,) , where the fuzzy
sets)i' s are fuzzy closedin(X,T). Then& = 1-( V;Z;(},)) =121 (1-2;). Now
Ai's are fuzzy closed in (X,T), implies that{]) 's are fuzzy open in (X,T).Hence
we have A =42, (1-1;), where £A0 T. Then Ais a fuzzy G-setin (X, T).
Since (X,T) is a fuzzy P- space;Als fuzzy open in (X,T). Thereforkis a
fuzzy closedset in (X,T).

Proposition 3.2: If the fuzzy topological space (X,T) is a fuzzypReg, then
cl (ViZ; (&) =V, cl(4;), wherek’ s are non-zero fuzzy closed sets in (X,T).

Proof: Let A's be non-zero fuzzy closed sets in a fuzzy P-sg&¢E).Therk =
Viz1(A), is a non—zero fuzzyFset in(X, T). By proposition 3.1, is a fuzzy
closed set in (X,T). Hence Q@) =k, hich implies that ClI
(ViZ:(A))=ViZ (W) =ViZ (X)) [since A's are fuzzy closed, @) = (A)].
Therefore cl( ViZ;(},)) = ViZ; cl(}, ), where)’s are fuzzy closed sets in (X,T).

Proposition 3.3: If 4's are fuzzy regular closed sets in a fuzzy P-s&¢cE), then
cl (ViZ1(4)) = ViZ; (4).

Proof: Let Ai's be fuzzy regular closed sets in a fuzzy P-sg&cE). Then)’s are

fuzzy closed sets in (X,T), which implies that{1)'s are fuzzy open sets in

(X,T). Letp = AjZ,[1 — (4)]- Thenp is a non-zero fuzzy §&set in (X,T). Since

the fuzzy topological space (X,T) is a fuzzy P-&pdot (1) = u, which implies

that int  (\Z4[1 — (AD]) =AZ4[1 — (AD]. Then 1—cl(ViZ, (1)) =1—
i=1(%,). Hence we have @v;Z; (1)) =ViZ; (&).

Proposition 3.4: If the fuzzy topological space (X,T) is a fuzzgpace and if is
a fuzzy first category set in (X, T), theis not a fuzzy dense set in (X,T).

Proof: Assume the contranBuppose that is a fuzzy first category set in (X,T)
such that clX) = 1. ThenA =V;Z,(%,), wherel's are fuzzy nowhere dense sets in

(X,T). Now 1- cl {) is a fuzzy open set in (X,T). Lat=A;Z,[1-cl (4;)]. Then
w is a non-zero fuzzy gset in (X,T). Now we haveAZ,[1-cl (4)]=1—
ViZ,(cld) <1-ViZ;(A) =1—AHenceu< 1 - Thenint (i) <int (1-2) = 1
—cl @) =1-1=0. That is, intu) = 0. Since(X,T) is a fuzzy P-spager int(u)
which implies thaiuw = 0, a contradiction tg being a non-zero fuzzyGet in
(X,T). Hence clf) #1.

Remarks: In classical topology, every meager (first categ@st in a P-space X
is a nowhere dense set in X. But in the case afyfubpology, a fuzzy first
category sek in a fuzzy P-space (X,T) is not a fuzzy nowherasgeset in (X,T).

For, considerthe following proposition.
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Proposition 3.5: If the fuzzy topological space (X,T) is a fuzzgpBee and if2
is a fuzzy first category set in (X,T), theis not a fuzzy nowhere dense set in
(X,T).

Proof: Let A be a fuzzy first category set in a fuzzy P-spaG&), Then, we have
A=ViZ1 (%), whereli's are fuzzy nowhere dense sets in (X, T). Now ififck int

cl (ViZi (W) = int[ViZ; cdd ()] and[ViZ cl (A)] is a fuzzy B-setin  (X,T).
Since (X,T) is a fuzzy P-space, by proposition, B/, cl (4,)] is a non- zero
fuzzy closed set in (X,T). Also interior of a fuzelpsed is a fuzzy regular open
set, infV;Z; cl (1,)] is a non-zero fuzzy regular open set in (X, Tgnide we have
O=int[ViZ, cl (A,)] <int cl () implies that intcl X)#0. Thereforek is not a fuzzy
nowhere dense set in (X,T).

Proposition 3.6: If 1 is a fuzzy first category set in a fuzzy P- sp@Ge&) such
thatuy <1 -1, whereu is a non-zero dense fuzzy-¢&t in (X,T), theriis a fuzzy
nowhere dense set in (X,T).

Proof: Let 1 be a fuzzy first category set in (X,T). ThenzV;Z;(},), wherek's
are fuzzy nowhere dense sets in (X,T). Now d (4;) is a fuzzy open set in
(X,T). Letp =AjZ;[1 -cl (4;)] - Thenp is a non- zero fuzzy &set in (X,T). Now
we haveAZ,[1-c (A4)]= 1—ViZ,(clA) < 1-VZ,(X) =1—L Hencep
<(1 -1 ) . Then we have < (1-u) . Now intcl @) <intcl (1-u), which implies
that int cl {) < 1— cl int(uw). Since (X,T) is a fuzzy P-space, the fuzzy¥etyu is
fuzzy open in (X,T) and in) = p. Therefore intclX) <1-cl (W= 1-1=0
(sincau is fuzzy dense). Then int dl)(= 0 and hence is a fuzzy nowhere dense
setin (X,T).

Theorem 3.1[10]: Let (X,T) be a fuzzy topological space. Then thievwmng
areequivalent:

(1) (X,T)is afuzzy Bairespace.
(2) Int @) =0 forevery fuzzy first category sein (X,T).
(3) ClI @) =1for every fuzzy residual sein (X,T).

Proposition 3.7: If 1 is a fuzzy first category set in a fuzzy P- sp@G&) such
thatu <1 -1, whereu is a non-zero dense fuzzy-§&t in (X,T), then (X,T)is a
fuzzy Bairespace.

Proof: Let A be a fuzzy first category set in (X,T). As in pr@®%6, we have int cl
(M) =0 . Then intX) <int cl (A) implies that intX) = 0 and hence by theorem 3.1,
(X,T) is a fuzzy Baire space.

Proposition 3.8: If the fuzzy topological space (X,T) is a fuzzgpace and it is
a fuzzy dense and fuzzy first category set in (Xh€h there is no non -zero fuzzy
Gs-setu in (X,T) such that < 1 -4.
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Proof: Let A be a fuzzy first category set in (X,T). As in pf&6, we have a
fuzzy G-setp in (X,T) such thapt <1 - A . Then int 1) <int (1~ A) implies that
int (W) <1— cl (&) = 1-1 = 0 [sincé\ is fuzzy dense,c) = 1]. That is, int)g) = 0.
Since (X,T) is a fuzzy P- space, inf) = u and hence we hava = 0. Hence, if
A is a fuzzy dense and fuzzy first category seiXiT), then there is no non-zero
fuzzy G-setp in (X,T) such thap < 1-A\.

Proposition 3.9: If A c X is such thajy, (the characteristic function of AX) is
fuzzy open ina fuzzy P- space (X,T), then the fudzgpace (AT, )is a fuzzy P-
space.

Proof: Let A be a fuzzy Gset in (AT, ). Theni= A;Z,(4;), where)'s are fuzzy
open sets in (AT, ). Now A;is a fuzzy open set in (A, ) implies that there
exists a fuzzy open set; in (X,T) such that y;/A = A;. That isu;A x4 = 4;.
Since y; and y,are fuzzy open sets in (X,TW; is a fuzzy open set in
(X, T).NowAZ, (uirnxa) = NZ1(A), implies  that  AZ,(u) 1A (xa) =
Nz (A)and N\Z,(i;) ] is a fuzzy G-set in (X,T).Since (X,T) is a fuzzy P- space,
[AZ1(u) 1 is fuzzy open in (X,T). NowAZ, (1) 1 A (xa) = A1 (4;) implies
that [\;Z,(;)] A is fuzzy open in (AT, ).Them\Z,(41;) is fuzzy open in
(A, T4 ). Hence the fuzzy §set A is fuzzy open in (AT, ). Thereforethe fuzzy
subspace (AT, ) is a fuzzy P-space.

4  Weak Fuzzy P-Spaces

Motivated by the classical concept introduced inyé shall now define:

Definition 4.1: A fuzzy topological space (X,T) is called a weazyuP-space if
the countable intersection fuzzy regular open se{X,T) is a fuzzy regular open
set in (X,T). That isp\;2,(4;)is fuzzyregular open in (X,T), wheigs are fuzzy

regular open sets in (X,T).

Example 4.1: Let X = {a, b, c}. The fuzzy sets, p and) are defined on X as
follows:

A : X - [0,1] is defined as\(a)= 0.4;1(b) = 0.5;A(c) = 0.6.
u:X - [0,1] is defined asu(a) = 0.6;u (b) = 0.4u(c) =0.5.
U: X - [0,1] is definedasu(a) = 0.7;v (b) = 0.6;u(c) =0.4.

Then, T={0,A, w,u, Ay, AL, p0v, AOu, A0V, p OvA0(pOL), wO(ACL), VOO
w), [ AOpOo], [ AOulu], 1}is a fuzzy topology on X. Nowi , A0, Allu, AQ(u
(L), puOAv), vOALOuw) are fuzzy regular open sets in (X,T) akidfrl]
w] ADL]OAL(uO0) ] O uOO0)| u(Ow)]} = Ao, is a fuzzy regular open in
(X,T) and hence (X,T) is a weak fuzzy P-space.
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Proposition 4.1: A fuzzy topological space (X,T) is a weak fuzap&te if and
only ifvi2,;(u;),wherey;'s are fuzzy regular closed sets in (X,T),is fuzgular
closed in( X,T).

Proof: Let (X,T) be a weak fuzzy P-space. Then i¢L,(A))= A2, (),
where)’s are fuzzy regular open sets in (X, T). Nowitit cl (AjZ,(A4;))] =1 —
AiZ,(1;),implies that cl int[(VZ,(1—-X))] = VZ; (1 —2). Let y= (1 -
A;). Since); is a fuzzy regular open set in (X, );is a fuzzy regular closed set
in(X,T). Then we have cl int\(;Z,(x;)) = V;Z;(4;). Hence&/Z,(1;) is a fuzzy
regular closed in (X,T). Conversely, suppose tHaintV;Z (1)) =Viz, (),
where y;’s arefuzzy regular closed sets in (X,T). Thencllint (V;Z,(x;)) =
1-V;Z,(u;), which implies that int cl A;Z,(1 — 1)) = AjZ;(1 — u;) ,wherg1 —
u;)’'s are fuzzy regular open sets in (X,T). Theref(Xel) is a weak fuzzy P-
space.

Theorem 4.1[1]:
(a) The closure of a fuzzy open set is a fuzzy regldsed set, and
(b) The interior of a fuzzy closed set is a fuzzy @gopen set.

Proposition 4.2: If a fuzzy topological space (X,T) is a weak fuPzgpace, then
cl (ViZ, (4;)) = VZ,cl( 4;), whereli' s are non-zero fuzzy open sets in (X, T).

Proof: LetA's be fuzzy open setsin (X,T). Then by lemma 4lXA¢)'s are fuzzy
regular closed in (X,T). Since (X,T) is a weak fu®-space, by proposition 4.1,
ViZ; [cl(A;)], where cl(L)'s are non-zero fuzzyregular closed setsin( X,T),
isfuzzy regular closed in (X,T). That is, cl inffZ; cl(A;)] = V;Z,cl(A;). Then
we have clint V;Z;(A)] <clint [ VZ, cl(A)] = VZ, cl(A;). Thatis, cl int
[ViZ{(A)] S V2, cd(A)Sinced; € T, ViZ(A)E T and int[ViZ,(A)] =
[ViZ; (A)]. Hence clVZ, (A)] < VE, cd(A)...... (1).ButVZ, c(A) <cl
[Vizy (A)]eeenen. (2). From (1) and (2), we have(al;Z,(%;)) =V, cl(A;),
where);’s are non-zero fuzzy open sets in ( X,T).

Definition 4.2[12]: A fuzzy topological space (X,T) is called a fuzaypost
Lindelof space if every fuzzy open coygrl}.ca Of (X,T) admits a countable
subcovefA,} ey Such thav/,cycl(4,) = 1.

Definition 4.3[12]: A fuzzy topological pace (X,T) is said to be fuzmakly
Lindelof space if every fuzzy open cogl},ca Of (X, T) there exists a countable
sub coveK, }nen Such that cl [V,,en(1,)] =1.

Remarks. Obviously every fuzzy almost Lindelof space is aziy weakly
Lindelof space. For,V,ecycl(1,) < cl| Vaen(A)] andV ey cl(4,) =1, implies
that ¢l [V,,en(A4)] =1.

Proposition 4.3: If the fuzzy topological space (X,T) is a weakyu®-space,
then every fuzzy weakly Lindelof space is a furags Lindelof space.



On Fuzzy P- Spaces, Weak Fuzzy P- Spaces... 135

Proof: Let (X,T) be a fuzzy weakly Lindelof space afid },-, be a fuzzy open
cover of (X,T). Then there exists a countable subcPl,},cy such that cl
[Vhen(A4)] =1. Since (X,T) is a weak fuzzy P-spacel[V,en(1,)] =
Vaen cl(1,) where)’s are non-zero fuzzy open sets in (X,T). Hence tfor
fuzzy open covefl,}.ca Of (X,T), there exists a countable subcoigy},eysuch
thatV,ey cl(1,) =1. Therefore(X,T) is a fuzzy almost Lindelof space.

Proposition 4.4: If a fuzzy topological space (X,T) is a fuzzy Pespahen (X,T)
is a weak fuzzy P-space.

Proof: Let A's be fuzzy regular closed sets in (X,T). SinceT(Xs a fuzzy P-
space by Proposition 3.3, we have (2, (A)) = VZ; (). Now
clint (ViZ; (&) <cl(VZ, (&) = VZ, (&). That is, cnt (ViZ, (&)
SVZy (A) e, (1). Sincel’'s are fuzzy regular closed sets in (X,T), cl int
(A) = A;.. Then Viz,clint ) =VZ; (A), which implies that
Viz, () <clint (VZ; (4))...... (2. From (1) and (2), we have
clint (V;Z,(A)) = ViZ,(A;). Hence by proposition 4.1, (X,T) is a weak fuzzy
P-space.

Remarks. A weak fuzzy P-space need not be a fuzzy P-spawe.cbnsider the
following example:

Example 4.2: Let X = {a, b, c}. The fuzzy sets, p and) are defined on X as
follows:

A:X - [0,1] is defined as\(a) = 0.4; A(b) = 0.5;\(c) =0.6.

u:X - [0,1] is defined agu (a) = 0.6 (b) = 0.4p (c) =0.5.

U: X - [0,1] is defined a2 (a) = 0.5;v (b) = 0.6 p(c) =0.4.

Then, T={0,A, w,u, A, A0V, pOo, Aw, ALV, pOv,A(pOL), AC(pOL),nOAL),
u(Av), vOAOw ), vOAOw), [ACulu], [ACuv], 1} is a fuzzy topology on X.
Now the fuzzy set&lu, AL, ulv, Alu, A0v, pOv A0(pOL), AL (ubo),ud (ALL),
ud(Av), vO(AOw), vOAOW), [ACul], [AOulu] are fuzzy regular open sets in
X,T) and {A0 p] O Av] upold [ AD(uOo]) OAKuv)] OQubOo)]
QuOAo)] O [vOAOw)]O [oOALOW]} = [AOulu], is a fuzzy regular open set in
(X,T) and hence (X,T) is a weak fuzzy P-space. BX{T) is not a fuzzy P-space,
since the fuzzy eset{[A0u] JALL] O uu]} is not fuzzy open in (X,T).

5  Fuzzy Almost P-Spaces

Almost P-spaces was introduced by A.l. Veksler [4dd was also studied further
by R. Levy [15]. Motivated by the classical concegtoduced in [5] and [8] we
shall now define:

Definition 5.1: A fuzzy topological space (X,T) is called a fuanyoat P-space if
for every non-zero fuzzysSeta in (X,T), int@) #0 in (X,T).



136 G. Thangaraj et al.

Example 5.1: Let X = {a, b, c}. The fuzzy sets, p and) are defined on X as
follows:

A: X -[0,1] is defined a&(a) = 0.5;1(b) = 0.6;1 (c) = 0.4.

u: X - [0,1] isdefined ag(a) = 0.4;u(b) = 0.7;u (c) =0.5.

L: X - [0,1] is defined ag(a) = 0.5;u(b) = 0.8;u(c) =0.6.

Then, T={0,A, w,u, A0u, Ay, 1} is a fuzzy topology on X. Now for the fuzzy
Gs-sets Rulu] and {A0u] O [AOu]} in (X,T), int ([Aapav]) = Aap #0 and int
(A Cu] OAOu ) = xap #0 . Hence (X,T) is a fuzzy almost P-space.

Remarks:

Q) Clearly every fuzzy P-space is a fuzzy almastz§ P-space, since for
every non-zero fuzzy &seté in (X,T), we have inif) = § # 0. But the
converse need not be true. For, in example 4.2ev¥ery non-zero fuzzy
Gs -set in (X,T), we have intd) #0 in (X,T). Hence (X,T) is a fuzzy
almost P-space, but (X,T) is not a fuzzy P-spao&esthe fuzzy G
sef[ ALu]JADL] Juu]} is not fuzzy open in (X,T).

(2) A fuzzy almost P-space need not be a weak fiezepace. For, consider
the following example:

Example 5.2: Let X = {a, b, c}. The fuzzy sets, u andvu are defined on X as
follows:

A: X 5 [0,1] is defined a&(a) = 0.8; A(b) = 0.6; A(c) = 0.7.

u: X - [0,1] isdefined agu(a) = 0.6 p(b) = 0.9;u (c) =0.8.

L: X - [0,1] is defined asu (a) = 0.7p(b) = 0.5;v (c) =0.9.

Then, T={0,A, w0, A0y, AL, uv, A0w, A0v, p Ov A0(uv), A0 (ud),

ud(Av), pOAOv),o0A0w ), oOAO w), [AOulo], [ AOul], 1} is a fuzzy
topology on X. In (X,T), for every non-zero fuzzy &Get we have int§) 0.
Hence (X,T) is a fuzzy almost P-space, but (X, Thosa weak fuzzy P-space.

(3) A weak fuzzy P-space need not be a fuzzy alResppace. For, consider the
following example:

Example 5.3: Let X = {a, b, c}. The fuzzy sets, u andvu are defined on X as
follows:

A: X - [0,1] is defined as\(a) = 0; A(b) = 0.4;A(c) = 0.5.

u: X - [0,1] isdefined asp(a) = 0.6p(b) =0; u(c) =0.4.

L : X - [0,1]is defined ag(a) = 0.5;u(b) = 0.6p(c) =0.

Then, T={0,A, u,0, Ay, AL, plu, ADw, A0v, pOvA0(OL), A(pOL),nOAL),
uOAOv), vOAOw), VOACW), [ACuDo], [ADulv], 1} is a fuzzy topology on X.

Now A, A(uv) and pCul], are fuzzy regular open sets in (X,T) and
{{AD0]OAO(OV) O Aluu]} = [A(uv)] is a fuzzy regular open in (X,T) and
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hence (X,T) is a weak fuzzy P-space.But (X,T) i$ aduzzy almost P-space,
since for the non-zero fuzzysGset{[A(uL)] JuO(A0v)] Ju(AOw)]} , we have
int{[ AD(n0v)] O pOA0v)] JuOAOw]} = 0.

Therelationship among the classes of fuzzy P-spaeak fuzzy P-space,
fuzzy almost P-space can be summarized as follows:

FUzZZY P-SPACE

weak fuzzyP-spaceizzy a{mostb—space

Proposition 5.1: If a fuzzy topological space (X,T) is a fuzzy alnidspace, if
and only if the only fuzzy,fset/such that clg) = 1in (X,T) is &

Proof: Let A(# 1) be a fuzzy Fset such that cj = 1 in (X,T). Then, +1is a
non-zero fuzzy G-set in (X,T). Now %cl(1) = 0O, implies that int (1) =0,
which is a contradiction to (X,T) being a fuzzy alsh P-space in which ing)+#0
for any non- zero fuzzy &setdin (X,T). Hence our assumption thatAl(= 1
does not hold. Therefore there is no non-zero fuzzset (other than,)in (X,T)
such that clf) =1.

Conversely, let us assume that the only fuzzgdia in (X,T) such thatck)=1
is 1. Let be a fuzzy @set in (X,T).Them= A;Z;(%;), where Aj's are fuzzy open
sets in (X,T). Now +4 =V;Z; (1 —1%,). Then, 1 is a fuzzy i - set in (X,T).
By hypothesis, cl(31) #1. Then, 1 — intX) # 1, which implies that int\] # O.
Hence for the non- zero fuzzyGet) in (X,T), we have intX) #0 and therefore
(X,T) is a fuzzy almost P-space.

Remarks: If a fuzzy topological space (X,T) has non- zerazfipgnowhere dense
fuzzy Gssets, then (X,T) is not a fuzzy almost P-spacer, Eonsider the
following proposition.

Proposition 5.2: If 4 is a non- zero fuzzy nowhere dense fuzggeGin a fuzzy
topological space (X,T), then (X,T) is not a fualmyost P-space.

Proof: Let A be a non- zero fuzzy nowhere dense fuzgys&X in (X,T). Then
int(A)< int cl(1) and int cl@d)= 0, implies that int{) =0. Hence for the non- zero
fuzzy G-setd in (X,T), int &) =0 in (X,T). Therefore (X,T) is not a fuzzy almost
P-space.
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Theorem 5.1[11]: For any fuzzy topological space (X,T), then folloyviare
equivalent:

(@) Xis fuzzy basically disconnected.
(b) For each fuzzy closedsGet4, int (1) is fuzzy closed.
(c) For each fuzzy open®Beta, cl (1) + cl(1—cl(1)) =1.

Proposition 5.3: If 1 is a non-zero fuzzy closed fuzzysét in a fuzzy basically
disconnected space (X,T) and fuzzy almost P-sgizee cl[int(Z)] + 0.

Proof: Let A be a non-zero fuzzy closed-&etA in (X,T). Since (X,T) is a fuzzy
basically disconnected space, by theorem 5.14)img(fuzzy closed. That is, cl[int
(A)] = int(A). Since (X,T) is a fuzzy almost P-spaéet(1) # 0. Hence we have
cl[int(4)] # 0.
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