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ABSTRACT. In general topology A. Csdszdr [8] introduced generalized
open sets. Using this concept B. Roy [16] introduced generalized p-closed
sets in general topology. In this paper we introduce and study a new
class of fuzzy sets called fuzzy generalized p-closed (briefly, fg,-closed)
sets in fuzzy generalized topological spaces. The class of all fg,-closed
sets is strictly larger than the class of all fuzzy pu-closed sets. Some of
their properties are investigated here. In [12] fuzzy 1-closed set has been
introduced and studied. This type of set is also a fuzzy u-closed set. In the
last section, some characterizations of fug-regular and fug-normal spaces
which are the generalizations of p4-regular and pgnormal spaces introduced
by B. Roy [16] have been studied here.
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1. INTRODUCTION

From the very beginning, different types of fuzzy open sets have been introduced
and studied by many researchers. This paper plays a significant role to generalize
some of these fuzzy open sets. If one studies these fuzzy open sets minutely, it
will be observed that the corresponding definitions have many features in common.
This paved a new direction to the author to introduce generalized open sets in fuzzy
topology in the sense of Chang [7].

Let X be a non-empty set and I denote the set of all fuzzy sets [17] in X. We
call a class pu C IX, a fuzzy generalized topology (briefly, FGT) if 0x € u and p is
closed under arbitrary union. Then (X, u) is called a fuzzy generalized topological
space (briefly, FGTS). The support of a fuzzy set A in X will be denoted by suppA
and is defined by suppA = {x € X : A(z) # 0}. A fuzzy point [15] with the singleton
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support € X and the value o (0 < o < 1) at = will be denoted by z,. Ox and 1x
are the constant fuzzy sets taking values 0 and 1 in X respectively. The complement
of a fuzzy set [17] A in X will be denoted by 1x \ A. For two fuzzy sets A and B
in X, we write A < B if and only if A(z) < B(z), for each z € X, and AgB means
A is quasi-coincident (g-coincident, for short) with B [15] if A(x) + B(x) > 1, for
some x € X; the negation of it is denoted by AgB. clA and intA of a fuzzy set A
in X respectively stand for the fuzzy closure and fuzzy interior of A in X [17]. A
fuzzy set A in X is called fuzzy regular open [1] if A = intclA. A fuzzy set A in X
is said to be fuzzy semiopen [I] if there exists a fuzzy open set U in X such that
U < A< clU, or equivalently, if A < clintA. The fuzzy 0-closure [14] (resp., fuzzy
d-closure [9]) of a fuzzy set A in an fts (X, 7) is the union of all those fuzzy points
Zo such that clUgA whenever z,qU € 7 (resp., UgA whenever z,qU where U is
fuzzy regular open set in X). A fuzzy set A is called fuzzy 0-closed [14] (resp., fuzzy
d-closed [9))if A = OclA (resp., A = dclA) and the complement of fuzzy 6-closed
(resp., fuzzy d-closed) set is known as a fuzzy 6-open (resp., fuzzy d-open) set. A
fuzzy set A in an fts (X, 7) is called fuzzy preopen [13] (resp., fuzzy d-preopen [3],
fuzzy a-open [6], fuzzy B-open [2]) if A <intclA (resp., A < intdclA, A < intclintA,
A < clintclA). We note that for an fts (X, 7), the collection of all fuzzy open (resp.,
fuzzy preopen, fuzzy semiopen, fuzzy d-open, fuzzy d-preopen, fuzzy a-open, fuzzy
B-open) sets is denoted by 7 (resp. FPO(X), FSO(X), FSO(X), FoPO(X), FaO(X),
FBO(X)). Each of these collections is an FGT.

For an FGTS (X, pu), the elements of u are called fuzzy p-open sets and the
complements of fuzzy p-open sets are called fuzzy p-closed sets. For A € IX,
we denote by c,(A), the infimum of all fuzzy p-closed sets B with A < B, i.e.,
cu(A) =inf{B: A< B,B € u‘}; and by i,(A), the supremum of all fuzzy p-open
sets B with B < A, i.e., i,(A) = sup{B : B < A,B € p}. In an fts (X,7), if one
takes 7 as the FGT, then c,, becomes the usual fuzzy closure operator. Similarly, ¢,
becomes fuzzy pcl (rvesp., fuzzy scl, fuzzy dcl, fuzzy dpcl, fuzzy pel, fuzzy acl) if p
stands for FPO(X) (resp., FSO(X), FoO(X), FéPO(X), FFO(X), FaO(X)).

It is to be observed that i, and c, are idempotent and monotonic where « :
IX — I is said to be idempotent iff for any two fuzzy sets A, Bin X, A < B =
v(v(A)) = v(A) and monotonic if v(A) < v(B).

2. fg,-CLOSED SET AND ITS PROPERTIES

Result 2.1. Let (X,p) be an FGTS and A € IX and x, be a fuzzy point in X.
Then xo € c,(A) iff for every fuzzy p-open set M in X g-coincident with x, MgA.

Proof. Let z, be a fuzzy point in X such that x, € c,(A) where A € I’X. Let M be
a fuzzy p-open set g-coincident with . Then M (z)+a>1.. (1)= a>1—-M(x).
Again, x4 € ¢, (A) = B(z) > a, for all fuzzy p-closed set B with A < B......(2).

If possible, let M@A. Then M (xz)+ A(z) <1, for allz € X = A(x) <1— M(z), for
all z € X = 1x \ M is a fuzzy p-closed set with A <1x \ M. Then 1 — M(z) > «
by (2). Therefore, M (z) + o < 1 which contradicts (1). Hence MgA.

Conversely, let B € p¢ be such that A < B. we claim that B(z) > a. Now
1x\B<1lx\Aand1lx\B € p. If possible, let B(z) < o. Then 1 — B(z) > 1 —«
= 1—B(xz)+a >1 = z,q(1x \ B) and so by hypothesis, (1x \ B)gA = there
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exists y € X such that (1x \B)(y)+A(y) > 1= (1x\B)(y) > (1x \ A)(y) for some
y € X which contradicts 1x \ B < 1x \ A. Therefore, B(z) > a = z, € ¢,(A). O

Result 2.2. For any two fuzzy p-open sets A and B in an FGTS (X, u), AgB =
cu(A)gB and Agc,(B).

Proof. Let A and B be two fuzzy p-open sets in an FGTS (X, pu) with AgB. If
possible, let ¢, (A)gB. Then there exists € X such that ¢,(A)(z) + B(z) > 1
Let ¢,(A)(z) = a. Then z, € c,(A) and zogB. Then by Result 2.1, BgA, a
contradiction. Similarly, we can prove that Agc,,(B). O

Result 2.3. Let (X, u) be an FGTS and A € IX. Then c,(1x \ A) = 1x \ i, (4).

Proof. Let A € I* and z, € c,(1x \ A). Then B(z) > a, for all fuzzy p-closed
set B with 1x \ A < B ... (1). We have to show that (1x \ i,(4))(z) > a. Now
1x \ B < A where 1x \ B is fuzzy p-open set in X. Let U € u be such that
U<A. Then 1x \ A <1x\U, where 1x \ U € u°. Then by (1), (1x \U)(z) > «
and so U(x) < 1—a, for all U € p with U < A. Then i,(4)(z) <1 —-a =
(1x \ iu(A))(z) > a. Therefore, ¢,(1x \ A) < 1x \iu(A)....(1).

Conversely, let yo € 1x \ i,(A). Then 1 —4,(A)(y) > a = i,(A)(y) < 1-a
=Uly) <l-o,foralU <A Uepup=1-U(y) > a, foral 1x \U (€ u°
>1x \A ... (2). Let V € u¢ be such that 1x \ A < V. Then by (2), V(y) > a.
Therefore, inf{V(y) : 1x \ A < V,V € u°} > a. Therefore ¢,(1x \ 4A)(y) > o =
Yo € cu(Ix \A). And so 1x \i,(A4) <ecu(lx \ A)... (ii).

Combining (i) and (ii), we get, c,(1x \ A) = 1x \ ¢,(A). O

Definition 2.4. Let (X, ) be an FGTS. Then A € IX is called a fuzzy generalized
p-closed set (or fg,-closed set, for short) if ¢, (A) < U whenever A < U € p. The
complement of an fg,-closed set is called a fuzzy generalized pi-open set (or fg,-open
set, for short).

Result 2.5. In an FGTS (X, ), every fuzzy p-closed set is fg,-closed. Indeed, if
A is a fuzzy p-closed set with A < U € p, then ¢, (A) = A < U implies that A is
fgu-closed set.

Remark 2.6. The converse of Result 2.5 is not true in general as it shown from the
following example.

Example 2.7. Let X = {a,b}, p = {0x,1x, B} where B(a) = 0.5, B(b) = 0.4.
Then (X, ) is an FGTS. Now C(a) = 0.6, C(b) = 0.3 is a fuzzy set in X which is not
fuzzy p-closed. But the only fuzzy p-open set containing C'is 1x and C,(C) = 1x
and hence C'is fg,-closed set in (X, p).

The next two examples show that the union (resp. intersection) of two fg,-closed
sets is not fg,-closed, in general.

Example 2.8. Let X = {a,b}, p = {Ox,1x, B} where B(a) = 0.5, B(b) =
Then (X, u) is an FGTS. Let C, D be two fuzzy sets in X defined by C(a)
C(b) = 0.7, D(a) = 0.6, D(b) = 0.4. Then (C A D)(a) = 0.5, (CAD)(b) =
Clearly, C and D are fg,-closed sets. But C' A\ D is not fg,-closed. Indeed, C' A\
Bepandc,(CAND)=1x\B £ B.
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Example 2.9. Let X = {a,b}, p = {0x,1x,A, B,C} where A(a) = 0.45, A(b) =
0.62, B(a) = 0.58, B(b) = 0.4, C(a) = 0.58, C(b) = 0.62. Then (X, u) is an
FGTS. Let U and V be two fuzzy sets in X defined by U(a) = 0.4, U(b) = 0.6,
V(a) = 0.5, V(b) = 0.3. Then U and V are clearly fg,-closed sets in (X, ). Now
(UVV)(a)=05, (UVV)(b) =06and UV <Cep,butc,(U\VV)=1x £ C.
Hence U \/V is not fg,-closed in (X, ).

Theorem 2.10. Let (X,u) be an FGTS and A € IX. Then A is fg,-closed in
(X, ) iff for any fuzzy p-closed set F, AGF = c,(A)GF.

Proof. Let A be fg,-closed in (X, ) and F' € p® be such that AGF. Then A <
1x \ F' € p. Since A is fg,-closed, ¢, (A) < 1x \ F = ¢, (A)gF.

Conversely, let for any fuzzy p-closed set F'in X, AGF = ¢,(A)gF for a fuzzy set
Ain X. Let U € p be such that A <U. Then 1x \U < 1x \ A where 1x \ U € u°.
Therefore, AG(1x \ U). By hypothesis, ¢,(A)g(1x \ U) = c,(A) < U. Hence A is
fgu-closed set in X. a

Theorem 2.11. Let (X,pu) be an FGTS and A, B be two fuzzy sets in X with
A< B <c,(A), where A is fg,-closed in X. Then B is also fg,-closed in X.

Proof. Let B < U € p. Then A < B < U. As Ais fg,-closed, ¢,(A) < U. By
hypothesis, B < ¢,(A) = cu(B) < cu(cu(A)) = cu(A) < U. Consequently, B is
fgu-closed in X. O

Theorem 2.12. In an FGTS (X,u), p = Q (the collection of all fuzzy p-closed
sets) iff every fuzzy set in X is fg,-closed.

Proof. Suppose = Q and A € I* be such that A <U € pu. Then ¢, (U) = U and
so ¢u(A) < ¢, (U) =U. Hence A is fg,-closed in X.

Conversely, suppose that every fuzzy set in X is fg,-closed in X. Let U € p.
Then U < U and by hypothesis, ¢,(U) < U. Therefore, ¢,(U) = U implies that
UeQ. Thus p C Q... (i).

Again, let F' € . Then 1x \ F' € pu. Also by hypothesis, 1x \ F is fg,-closed.
Therefore, 1x \ F < 1x\F = ¢,(1x\F) <1x\F = 1x \ F € u° = F € pu. Hence
QCp ... (ii).

Combining (i) and (ii), we get u = Q. O

Theorem 2.13. Let (X, ) be an FGTS. Then A (€ IX) is fg,-open iff F <i,(A)
for F < A and F is fuzzy p-closed in X.

Proof. Let A(€ I*) be fg,-open in X and F € pu° be such that F < A. Then
Ix \A < 1x \ F € pu. By hypothesis, ¢,(1x \ A) < 1x \ F. By Result 2.3,
Ix \ip(A) <1x \F = F <i,(A).

Conversely, let F' < i,(A), for F < A and F € p°. Let U € p be such that
1x \A<U. Then 1x \ U < A where 1x \ U € p°. By hypothesis, 1x \ U <1i,(A)
= 1x\iu(4) U =c,(1x\A) <U = 1x\Ais fg,-closed in X = Ais fg,-open
in X. g

Theorem 2.14. let (X, pu) be an FGTS. Then every fuzzy p-open set in X is fuzzy
p-closed iff every fuzzy set in X is fg,-closed in X.
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Proof. Let every fuzzy p-open set in X be fuzzy p-closed and A € IX be such that
A < U € p. Then by assumption, U € u® and so ¢, (A) < ¢, (U) = U = Ais
fgu-closed.

Conversely, let every fuzzy set in X be fg,-closed in X and B € u. Then B < B
and so by assumption, ¢,(B) < B = ¢,(B) =B = B € u°. O

Theorem 2.15. Let (X,p) be an FGTS. If A is fgu-open and i,(A) < B < A,
then B is fg,-open.

Proof. Now i,(A) < B<A=1x\A<1x\B <1lx\iy(A4) =c,(1x\A). As
1x \ Ais fg,-closed, by Theorem 2.11, 1x \ B is fg,-closed in X and hence B is
fgu-open in X. O

3. PROPERTIES OF fL,-REGULAR AND fLi,-NORMAL SPACES

We now recall the definitions of fuzzy a-regular and fuzzy [-regular spaces from
[4] and [5] respectively.

Definition 3.1 ([4]). An fts (X, 7) is said to be fuzzy a-regular if for each fuzzy
a-open set U in X and each fuzzy point x, in X with z,qU, there exists a fuzzy
a-open set V in X such that z,qV < aclV < U.

Definition 3.2 ([5]). An fts (X,7) is said to be fuzzy [-regular if for each fuzzy
(B-open set U in X and each fuzzy point z, in X with z,qU, there exists a fuzzy
B-open set V in X such that x,qV < BclV < U.

Definition 3.3. An FGTS (X, i) is said to be fug-regular if for each fuzzy point
Z and each fuzzy p-closed set F' of X with x, ¢ F, there exist fuzzy p-open sets
U and V such that x,qU, FF <V and UqV'.

Remark 3.4. Let (X, u) be an FGTS. Then every fug-regular space reduces to a
fuzzy regular [11] (resp. fuzzy a-regular, fuzzy [-regular) space if one takes p to be

T (resp., FaO(X), FO(X)).

Theorem 3.5. For an FGTS (X, ), the following are equivalent:

(a) X is fug-regular.

(b) For each fuzzy point x, in X and each fuzzy p-open set U with x,qU, there
exists V € p such that voqV < ¢, (V) < U.

(c) For each fuzzy p-closed set F' of X, F = N{c,(V): F <V € u}.

(d) For any fuzzy set A and any U € p with AqU, there exists V € p such that
AgV < ¢, (V) <U.

(e) For any fuzzy set A and any fuzzy p-closed set F with A £ F, there exist
V,W € p such that AqV, F < W and VqW.

(f) For any fuzzy set A and any fuzzy p-closed set F with A £ F, there exists
U € p such that AqU, ¢, (U)qF.

(g) For any fuzzy point x, and any fuzzy p-closed set F with xo ¢ F, there exist
U e p and an fg,-open set V such that x,qU, F <V and UgV.

(h) For any fuzzy set A and any fuzzy p-closed set F' with A £ F, there exist
U € p and an fg,-open set V such that AqU, F <V and UgV'.

(i) For each fuzzy p-closed set F' of X, F = N{c,(V): F <V,V is fg,-open }.
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Proof. (a) = (b) : Let 2, be a fuzzy point in X and U € p be such that z,qU. Then
Ulx)+a>1=1-U(z) <a= x4 ¢ 1x \U € p. By (a), there exist fuzzy p-open
sets V and W such that z,qV, 1x \U < W and VgW. Then V(z) + W(x) < 1, for
allz € X = V <1x\W € p° Therefore, V < ¢, (V) <c,(1x \W) =1x\W < U.
Then z,qV < ¢, (V) <U.

(b) = (c) : Let F be a fuzzy p-closed set in X. Then 1x \ F € p. Let 2, ¢ F.
Then F(z) < @ = z4q(1x \ F). Then by (b), there exists V' € p such that z,qV <
cu(V) <1x\F. Then F <1x\c¢,(V)=U (say) € pand UgV. Indeed, V < ¢, (V)
U =1x\cu(V) < 1x\V = U(x) < (1x \ V)(2), for all 2 € X = UgV.
Then V' € p be such that z,qV and VqU. Therefore, z, ¢ ¢, (U) by Result 2.1.
Therefore, A{c,(U) : F < U € p} < F. Obviously, FF < AN{c,(U): F < U € pu}.
Hence F = N{c,(U): F <U € pu}.

(¢) = (d) : Let A be any fuzzy set in X and U € p with AqU. Then there
exists « € X such that A(z) + U(z) > 1. Let A(z) = a. Then z, € A and
ZTo ¢ 1x\U € pc. Then by (c), there exists W € p such that 1x\U < W ... (1) and
Zo ¢ ¢ (W). Therefore, c,(W)(z) <a=1-c,(W)(z) >1 —a = z.qi,(1x \ W)
where i,(1x \ W) € p. Take i,(1x \ W) = V. Then V € p such that z,qV and so
Vizg) +a>1=V(z)+ Az) >1 = AgV. Now V =i,(1x \ W) < 1x \ W and so
(V) < el \ W) = 1x \ W(€ ) < U (by (1)

(d) = (e) : Let A be any fuzzy set in X and F € p¢ with A £ F. Then
there exists * € X such that A(z) > F(z). Therefore, 1 — A(z) < 1 — F(z) =
Aq(1x \ F) € p. Then by (d), there exists V' € p such that AgV < ¢, (V) <1x\F.
Now ¢, (V) <1x \F = F <1x\c,(V) =i,(Ix \V) € p. Let i,(1x\V)=W.
Then F <W e p. Now V < ¢, (V) = 1x \cu(V)(=W) <1x \V = WgV.

(e) = (a) : Let x, be a fuzzy point in X and F € p¢ with z, ¢ F. Then
F(z) < a. Then z, is a fuzzy set such that z, £ F. Then by (e), there exist
VW € psuch that z,qV, F < W and VgW.

(e) = (f) : Let A € I and F € u¢ be such that A £ F. By (e), there exist
V,W € p such that AgV, F < W and V@W. By Result 2.2, ¢,(V)gW and so
cu(V)GF.

(f) = (e) : Let A € I’X and F € pu° be such that A £ F. By (f), there exists
U € p such that AgU and ¢, (U)gF. Then F < 1x \ ¢,(U) =i,(1x \U) € p and
Ua(ix \ cu(U).

(a) = (g) : The proof follows from the fact that every fuzzy p-open set is fg,.-
open.

(g) = (h) : Let A € I and F € pu® with A £ F. Then there exists * € X
such that A(z) > F(z). Let A(z) = . Then z, € A and z, ¢ F. By (g), there
exist U € p and an fg,-open set V such that z,qU, F <V and UgqV. Therefore,
U)+a>1=Uzx)+ Az) > 1= UqgA.

(h) = (a) : Let z, be a fuzzy point in X and F € u¢ with z,, ¢ F.Then F(x) < a.
Then z, is a fuzzy set in X such that z, € F. Then by (h), there exist U € pu
and an fg,-open set V such that z,qU, FF < V and UgqV. By Theorem 2.13,
F <i4,(V)=W (say) € u. Therefore, W <V and so UgiW.

(c) = (i) : We have F < {c,(V): F <V and V is fg,-open} < {c,(V): F <V
and V is fuzzy p-open} = F.
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(i) = (a) : Let x, be any fuzzy point in X and F, a fuzzy p-closed set in X with
Zo ¢ F. Then by (i), zo ¢ ¢, (W) for some fg,-open set W in X such that F¥ < W.
By Theorem 2.13, F < i,(W). Let V = 4,(W). Then F < V. As z, ¢ ¢, (W),
there exists a fuzzy p-open set M with xz,qM, MqW = MqV. Therefore, X is
fug-regular. O

Definition 3.6. An FGTS (X, ) is said to be fpg-normal if for any two fuzzy
p-closed sets A and B with AgB, there exist two fuzzy p-open sets U and V' such
that A< U, B<V and UgV.

Remark 3.7. One can define fuzzy p-normal (resp., fuzzy s-normal, fuzzy a-normal,
fuzzy f-normal, fuzzy d-normal) space by taking fuzzy preopen (resp., fuzzy semiopen,
fuzzy a-open, fuzzy (-open, fuzzy J-open) sets instead of fuzzy open sets and fuzzy
preclosed (resp., fuzzy semiclosed, fuzzy a-closed, fuzzy B-closed, fuzzy J-closed) sets
instead of fuzzy closed sets in fuzzy normal space [10]. The above definition gives
a unified version of all these definitions if p takes the role of 7, FPO(X), FSO(X),
FaO(X), FBO(X), F6O(X) respectively.

Theorem 3.8. For an FGTS (X, ), the following are equivalent :

(a) X is fug-normal.

(b) For any two fuzzy u-closed sets A, B with AGB, there exists a fuzzy p-open
set U such that A< U, ¢,(U)gB.

(c) For any two fuzzy p-closed sets A, B with AgB, there exist two fg,,-open sets
U and V such that A< U, B<V and UqV.

(d) For each fuzzy p-closed set A and each fuzzy p-open set B with A < B, there
exists an fg,-open set U such that A< U < ¢,(U) < B.

(e) For each fuzzy p-closed set A and each fg,-open set B with A < B, there
exists a fg,-open set U such that A < U < ¢, (U) <i,(B).

(f) For each fuzzy p-closed set A and each fuzzy p-open set B with A < B, there
exists a fuzzy p-open set U such that A < U < ¢,(U) < B.

Proof. (a) = (b) : Let A and B be two fuzzy p-closed sets with AgB. By (a), there
exist two fuzzy p-open sets U and V' such that A < U, B <V and UgV. By Result
2.2, ¢,(U)qV and so ¢, (U)gB.

(b) = (a) : Let A and B be two fuzzy p-closed sets with AgB. By (b), there
exists a fuzzy p-open set U such that A < U, ¢,(U)gB. Then B < 1x \ ¢,(U) =
iu(Ix\U) € p. AlsoU < ¢,(U) = 1x\U > 1x\ ¢, (U) = Ug(lx \ c,(U)) =
Uqiu(1x \ U).

(a) = (c) : The proof follows from the fact that every fuzzy p-open set is fg,-open
in (X, p).

(¢) = (d): Let A € p®and B € pwith A < B. Then Ag(1lx \ B) € u°. By (c),
there exist two fg,-open sets U and V such that A < U, 1x \ B <V and UgV =
U <1x\V < B. By Theorem 2.13, 1x \B < i,(V) = c,(1x\V) = 1x\i,(V) < B.
Thus A <U <¢,(U) <c,(1x \V) < B. Thus A <U < ¢,(U) <B.

(d) = (a) : Let A, B € u¢ with AGB. Then A < 1x \ B € . Then by (d), there
exists an fg,-open set U such that A < U < ¢,(U) < 1x \ B. By Theorem 2.13,
A <iy(U). Also B<1x\c,(U)=1,(1x\U) and i,,(U)q(1x \ cu(U)).
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(b) = (f) : Let A € u® and B € p be such that A < B. Then Ag(1x\B) € p°. By
(b), there exists U € p such that A < U, ¢,(U)q(1x \ B) = ¢,(U) < B. Therefore,
A<U<¢,(U)<B.

(f) = (e) : Let A € p°® and B, an fg,-open set in X with A < B. Then by
Theorem 2.13, A <i,(B). Let i,(B) = V. Then V € pu. By (f), there exists a fuzzy
p-open set U such that A <U < ¢,(U) <V =1i,(B).

(e) = (c) : Let A,B € u° be such that AgB. Then A < 1x \ B € p. Since
every fuzzy p-open set is fg,-open, 1x \ B is fg,-open in X. By (e), there exists a
fgu-open set U in X such that A < U < ¢,(U) < i,(lx \ B) = 1x \ cu(B). Now
B<c¢,(B)=1x\B>1x\cuB)>c,(U) = B <1x\c,(U)=1,(1x\U) € p.
Since every fuzzy p-open set is fg,-open, i, (1x \ U) is fg,-open in X.

Again, Ug(1x \ c,(U)) =i, (1x \ U). O
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