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Abstract. In this paper we introduce a new class of functions called weakly (u, A)-closed
functions with the help of generalized topology which was introduced by A. Csaszar. Several
characterizations and some basic properties of such functions are obtained. The connections
between these functions and some other similar types of functions are given. Finally some
comparisons between different weakly closed functions are discussed. This weakly (u, A)-
closed functions enable us to facilitate the formulation of certain unified theories for different
weaker forms of closed functions.
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1. INTRODUCTION

The notion of generalized topology was first introduced by A.Csaszéar. After its
introduction during the last ten years or so this area has been rapidly growing.
A. Csaszéar had published a series of papers introducing and studying generalized
topology, generalized neighbourhood systems and generalized continuity and had
shown that the fundamental definitions and major part of many statements and
constructions in set topology can be formulated by replacing topology with the help
of generalized topology. On the other hand the notion of weakly closed functions in
topological spaces was introduced by Rose and Jankovi¢. Different weak forms of
closed functions have been introduced and studied in [9], [12], [13] by replacing closed
sets by various weaker forms of closed sets. In this paper, in order to unify several
characterizations and properties of the weak forms of closed functions we introduce
a new type of function termed as weakly (u, A)-closed function. We obtain several
characterizations and properties of such functions.
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We now recall some notions defined [2]. Let X be a nonempty set and exp X be
the power set of X. We call a class 1 € exp X a generalized topology [2] (briefly, GT)
if € p and unions of elements of i belong to p. A set X with a GT p on it is said to
be a generalized topological space (briefly, GTS) and is denoted by (X, u). A GT pu
is said to be a quasi topology (briefly QT) [6] if M, M’ € pimplies MNM' € p. The
pair (X, p) is said to be a QTS if pis a QT on X. For a GTS (X, i), the elements
of 1 are called p-open sets and the complements of u-open sets are called pu-closed
sets. For A & X, we denote by ¢,(A) the intersection of all y-closed sets containing
A, i.e., the smallest u-closed set containing A; and by i,(A) the union of all y-open
sets contained in A, i.e., the largest y-open set contained in A (see [3], [5]).

It is easy to observe that i, and c, are idempotent and monotonic, where ~:
exp X — exp X is said to be idempotent iff for each A € X, v(v(A4)) = v(A), and
monotonic iff y(A) € v(B) whenever A € B € X. It is also well known from [5],
[3] that if pisa GT on X and A € X,z € X, thenz € ¢ (A)iff x e M € p =
M N A# 0 and that ¢, (X \ A) = X \ i, (A).

A subset A of a topological space (X, 7) is called a-open [11] (resp. regular open
[15]) if A € int(cl(int(A))) (resp. A = int(cl(A4))). The complement of an a-open set
is called a-closed. The a-interior of A is the union of all a-open sets contained in A
and is denoted by int,(A). It is known from [11] that the family of all a-open sets
forms a topology 7, larger than 7. It is also known that the collection of all regular
open sets forms a base for a coarser topology 7, than the original one 7.

2. WEAKLY (f, A)-CLOSED FUNCTION

Definition 2.1. Let (X,u) be a GTS. The p(6)-closure [5], [10] (resp. p(6)-
interior [5], [10]) of a subset A in (X, ) is denoted by c,9)(A) (resp. i, (A)) and
is defined to be the set {x € X: ¢,(U)NA # 0 for each U € u(z)} (resp. {z € X:
there exists U € p(x) such that ¢, (U) € A}), where u(z) ={U e u: z € U}.

We define a subset A of X to be a p(6)-closed if ¢, ) (A) = A.

Theorem 2.2 ([10]). In a GTS (X,p), X \ cuo)(A) = i) (X \ A) and X \
i) (A) = cuey) (X \ A).

Definition 2.3. Let (X, ) and (Y, A) be two GTS’s. A function f: (X,pu) —
(Y, )) is said to be weakly (u, ) closed if for each p-closed set F' of X, ex(f(iu(F))) &

f(E).
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Theorem 2.4. For a function f: (X,u) — (Y, \) the following properties are
equivalent:
(a) f is weakly (u, \)-closed.
(b) ex(f(U)) & f(eu(U)) for each U € p.
(c) For each subset F of Y and each U € p with f~1(F) C U, there exists V € \
such that F SV and f~*(V) € ¢, (U).
(d) For eachy €Y and each U € pu with f~'(y) C U, there exists V € X containing
y such that f=1(V) C ¢, (U).
(e) ex(f(in(cu(A)))) & feu(A)) for any subset A of X.
() ex(f(inleuo)(A)))) & f(cuw)(A)) for any subset A of X.

Proof. (a) = (b): Let f be weakly (u,\)-closed and U € u. Then as U <
in(ea(D)), ex(FU)) € ex(Fliulcul0)) S Feu(U)) (by (2):

(b) = (c): Let F be a subset of Y and U € p with the property f~*(F) C U.
Then f4(F) A6, (X \ (D) = £ (F) 1 (X \ip(ea(@))) € £~ (F) 01 (X \iy(0) =
FTYF)N (X \U) = 0. Therefore, f~1(F) N cu(X \ c,(U)) = 0 and hence F N
F(eu(X\ eu(D)) = 0. Again, F1ex(F(X\ eu(U))) € F 1 f(eu(X\ eu(U)) = 0.
Hence FNexa(f(X\c,(U))) =0. Let V=Y \ex(f(X\cu(U))). Then V is A-open and
FCVand f(V) = fH Y\ ex(FX\ eu(0)) € X\ F (XN u(0) € (D),

(¢) = (d): This is trivial.

(d) = (a): Let F be a p-closed set in X and y € Y \ f(F). Since f~1(y) S
X\ F € p, there exists V € X with y € V such that f~1(V) C ¢, (X \F) = X \i,(F).
Therefore, VN f(i,(F)) = 0. Theny € Y\ex(f(2u(F))). Hence ex(f(iu(F))) € f(F).
Thus f is weakly (u, A)-closed.

(a) = (e): Let A be subset of X. Then 4,(c,(A)) is p-open in X and hence by
(a) (a5 (a) = (8)), ex(F(in (e (A))) € F(eulinln(4)) € Fleulcu(A))) = Fleu(A)).

() = (b): Let U € . Then by (€), ex(F(T) S ex((inleu(U)) € Feu(D)).

Hence cx(f(U)) & f(cu(U)).
(a) = (f): Let A be subset of X. Then we observe that c,g)(4) is p-closed. [In
fact, it is sufficient to show that c,(c,9)(A4)) € cu@p)(A). Let x € c,(cup)(A)) and
V be any p-open set containing 2. Then Ve, (A) # 0. Let y € VNeye(A) # 0.
Then y € V and y € ¢, 9)(A). Thus ¢, (V)N A # 0. Thus x € ¢,(9)(A)]. Hence by
(a) we have e (F(iu(cuo)(A4))) € J(euo) (A))

(f) = (b): We shall first observe that for any p-open set A in a GTS (X, ), ¢, (A)
= ¢u(9)(A). [For any subset A of X, c,(A) & c,9)(A). Next, let A be any p-open
subset of X and x ¢ ¢,(A). Then there exists V € p(z) such that ANV = 0.
Then ¢, (V) € cu(X \ A) = X\ A. So that ¢ ¢, (A)]. Let U € p. Then
we have ,(U) = c,00)(U) and ex(f(U)) € ex(Fliuleu(U))) = ex(Flilenior@))))
€ Flepto) (1)) = Fen(D)). 0
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Example 2.5. The concept of weak BR-closedness as a natural dual to weak
BR-continuity due to Ekici [8] was introduced and studied in [1].

Definition 2.6. Let (X, ) and (Y, A) be two GTS’s. A function f: (X,pu) —
(Y, ) is said to be (i) (u, A)-closed [14] if f(F') is A-closed in Y for each p-closed set
Fof X.

(it) (p, A)-open if f(U) is Ad-open in Y for each p-open set U of X.

Remark 2.7. Every (u, \)-closed function is weakly (1, A)-closed, in fact suppose
that f is a (u, A)-closed function and let F' be any p-closed subset of X. Then
ex(f(iu(F))) S ex(f(F)) = f(F). Thus f is weakly (u, \)-closed.

Example 2.8. Let X = {a,b,c}, p = {0, X, {a}, {b},{a,b}} and X\ = {0, {a},
{a,b}}. Then it is easy to check that the identity map f: (X, u) — (X, \) is weakly
(1, A)-closed but not (u, A)-closed.

Definition 2.9. Let (X,p) be a GTS and G € X.
(i) G is called p-dense [7] if ¢, (G) = X.
(ii) (X, p) is said to be hyperconnected [7] if every nonempty p-open set is p-dense
in X.

Theorem 2.10. Let f: (X,pu) — (Y, ) be a weakly (i, \)-closed map. If X € u
then, f(X) is A-closed. If f is (u,A)-open and Y is hyperconnected, then f is
surjective.

Proof. Since X € p and f is (p, A)-closed by Theorem 2.4 ((a) < (b)),
ax(f(X)) € fleu(X)) = f(X). Thus f (X) is A-closed. Also, as X is p-closed,

ex(f(iu(X))) € f(X) (by Definition 2.3). By (u, A)-openness of f, f(i,(X)) is A
open and hence cx(f(i,(X))) =Y (as (Y, )\) is hyperconnected). Thus from (i),
Y C f(X), i.e., f is surjective. O

Definition 2.11. Let (X, x) and (Y, A\) be two GTS’s. A function f: (X, u) —
(Y, A) is said to be contra (u, A)-open if f(U) is A-closed for each p-open set U of X.

Theorem 2.12. If f: (X,u) — (Y, \) is contra (u, A)-open, then f is weakly
(1, A)-closed.

Proof. Let F be a p-closed subset of X. Then i,(F) is a u-open subset of X.
Thus we have cx(f(i,(F))) = f(iu(F)) & f(F). Hence f is weakly (i, A)-closed. O

Example 2.13. If we consider Example 2.8, then it is easy to verify that the
function is weakly (u, \)-closed but not contra (u, A)-open.
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Definition 2.14. Let (X, p) and (Y, A\) be two GTS’s. A function f: (X, pu) —
(Y, ) is said to be strongly (u, A)-continuous if f(c,(A)) € f(A) for every subset A
of X.

Theorem 2.15. If the function f: (X,u) — (Y, \) is strongly (u, A)-continuous
then the following statements are equivalent:

(i) f is weakly (u, \)-closed.
(ii) f is contra (u, A)-open.

Proof. (i) = (ii): Let U be a u-open subset of X. Then by hypothesis and
Theorem 2.4, we have cx(f(U)) & f(c,(U)) € f(U). Hence f(U) is A-closed.
(ii) = (i): Follows from Theorem 2.12. O

Theorem 2.16. If the function f: (X,u) — (Y, ) is weakly (u, \)-closed and
a strongly (u, \)-continuous bijection, then f(U) is A\-open as well as A-closed for
each U € p.

Proof. Let U be a p-open subset of X. Since f is weakly (u,A) closed,
ex(F(i, (X\U))) € F(X\U). Hence by hypothesis, £(U7) C ix(f(cu(U))) € ir(F(1)
(as f is strongly (u, A)-continuous). So f(U) is A\-open. But by Theorem 2.15, f is
contra (u, A)-open and hence f(U) is A-closed. O

Theorem 2.17. Let f: (X, ) — (Y, \) be a weakly (u, A)-closed bijection. Then
for each subset B of Y and each U € pu with f~*(B) C U there exists a u-closed set
F inY such that BC F and f~*(F) C ¢,(U).

Proof. Let B be a subset of Y and U € p with f~1(B) € U. Put F =

ex(f(in(cu(U)))). Then B S F (as B & f(U) & f(in(cu(U))) & ex(f(in(cu(U)))) =
F) and F is A-closed. Since f is weakly (u,A)-closed, f~*(F) = f~(ex(f(iu(cpu

@))€ f~H(f(eu(U))) (by Theorem 2.4) = ¢, (U). O

Definition 2.18. A GTS (X, ) is said to be u-regular [14] if for each p-closed
set F' with « € F', there exist two disjoint p-open sets U and V such that z € U and
FCV.

It is also well known from [14] that a GTS (X, ) is p-regulariff z € X and U, € p
imply that there is V, € p such that € V;, € ¢,(V;) € U,.

Theorem 2.19. Let f: (X,u) — (Y, ) be a weakly (u, A)-closed function. If
(X, ) is p-regular, then f is (u, A)-closed.
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Proof. Let F be a p-closed subset of X and y € Y\ f(F). Then f~1(y)NEF =0
and hence f~1(y) € X \ F. Thus by u-regularity, there exists a u-open set U in X
such that f~'(y) S U C ¢,(U) € X \ F. Since f is weakly (u,\)-closed, there
exists a A-open set V containing y such that f~'(V) € ¢,(U) (by Theorem 2.4).
Therefore f~1(V) N F = () and hence V N f(F) = (. Thus y & cx(f(F)) and hence
f(F)=cx(f(F)). So f(F) is A-closed in Y. Hence f is (p, A)-closed. O

Definition 2.20. A GTS (X, p) is said to be pu-Ts [7] if for any pair of distinct
points x,y € X, there exist two disjoint u-open sets U and V such that z € U and
yeV.

Definition 2.21. Two nonempty subsets A and B of a GTS (X, ) are said to
be strongly p-separated if there exist p-open sets U and V such that AS U, BCV
and ¢, (U)Ne¢, (V) =0.

It follows from Definitions 2.9 and 2.21 that in any hyperconneced GTS, strongly
u-separated sets do not exist.

Theorem 2.22. If f: (X,u) — (Y,\) is a weakly (u, A)-closed surjection and
each pair of distinct fibers are strongly u-separated, then (Y, \) is A\-T5.

Proof. Let y; and y2 be two distinct points of Y. Let U;,Us € u be such
that f~1(y1) € Uy and f~Y(y2) € Us with ¢, (U1) Nc,(Uz) = 0. Since f is weakly
(1, A)-closed, by Theorem 2.4, there exist A-open sets V1,V in Y such that y; € V;
and f~1(V;) € ¢,(U;) for i = 1,2. Therefore Vi NV, = 0 (as f is surjective). Hence
(Y, A) is A-Th. O

Definition 2.23. Let (X, ) and (Y, A) be two GTS’s. A function f: (X, u) —
(Y, A) is said to be (i, \)-continuous [2] if for each z € X and each V' € A containing
f(z), there exists U € p such that f(U) S V.

Definition 2.24. A GTS (X, p) is said to be p-normal [4] if for each pair of
disjoint p-closed sets F; and F» of X there exist disjoint p-open sets Uy and Us such
that F1 g U1 and FQ g UQ.

It is also well known that (X, u) is p-normal [4] if F' is p-closed and F S U € pu,
then there exists V' € p such that F SV € ¢, (V) £ U.

Theorem 2.25. If f: (X, u) — (Y, ) is a weakly (u, A)-closed, (i, \)-continuous
surjection and (X, ) is p-normal, then (Y, \) is A-normal.

Proof. Let Fy and F; be any two disjoint A-closed sets of (Y,\). Since f
is (11, \)-continuous, f~!(F}) and f~1(Fy) are disjoint u-closed sets in X. Now by
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p-normality of (X, u), there exist two disjoint p-open sets U; and Us such that
fY(Fy) S Uy and f~!(Fy) € Us. Moreover, we have G; € p such that f~!(F;) C
Gi € c,(G;) S U, for i = 1,2. Since f is weakly (p, A)-closed, there exist V; € p
such that £; € V; and f~1(V;) € ¢,(G;) S U; for i = 1,2. Since f is surjective and
UNUs=0,ViNVa=0. Thus (Y, \) is A-normal. O

Definition 2.26. A subset F' of a GTS (X, ) is said to be pg-compact if for
each cover ) of F' by p-open sets in X, there is a finite family Uy, Us, ..., U, in Q
such that F € {i,(Ucu(Us)): i=1,2,...,n}.

Theorem 2.27. Let (X, u) be a QTS and (Y, \) bea GTS. If f: (X,u) — (Y, \)
is weakly (u, A)-closed with all fibers 11(6)-closed in X, then f(F') is A-closed for each
f-compact set F' in X.

Proof. Let F be ug-compact and y & f(F). Then f~1(y) N F = () and for each
x € F there is a p-open set U, in X containing = such that c,(U;) N f~1(y) = 0.
Clearly, = {U,: = € F} is a collection of p-open sets in X that covers F' and
since F is a pg-compact, there is a finite family {U,,,Uy,,...,Us, } in Q such that
F € i,(A) where A = (J{cy(Uz,): i =1,2,...,n}. Since f is weakly (u, A)-closed
there exists a A-open set B in Y such that f~1(y) € f~1(B) S c (X \A) S X\ F.
Therefore y € B and BN f(F) = 0. Thus y & cx(f(F)). So f(F) is A-closed. O

3. COMPARISON OF WEAKLY CLOSED FUNCTIONS

Theorem 3.1. Suppose that 1 and ps are two GT’s on X such that u; S pse and
let (Y,A\) bea GTS. If f: (X, u2) — (Y, ) is weakly (uz2, A)-closed then f: (X, 1) —
(Y, \) is weakly (p1, A)-closed.

Proof. Suppose that f: (X,u2) — (Y,A) is a weakly (u2,A)-closed func-
tion. Let F be a pj-closed set in (X, p1). Then F is ua-closed in (X, u2) and
hence cx(f(iu, (F))) € f(F). Moreover, i, (F) < i,,(F) and hence cx(f(i,, (F))) &
ex(f(iu, (F))) & f(F). Thus f: (X, 1) — (Y, A) is weakly (u1, A)-closed. O

Theorem 3.2. Suppose that \; and Az are two GT’s on'Y such that \y € A2 and
let (X, u) bea GTS. If f: (X, ) — (Y, A1) is weakly (u, A\1)-closed then f: (X, u) —
(Y, o) is weakly (u, A2)-closed.

Proof. Suppose that f: (X,u) — (Y, 1) is weakly (u, A\1)-closed. Let F be
p~closed in (X, p). Then we have ¢y, (f(i,(F))) & f(F). Since A1 € A2, ¢, (B) &
ey, (B) for every B € Y. Hence ey, (f(i,(F))) € ex, (f(iu(F))) & f(F). Hence
f+ (X ) — (Y, A2) is weakly (p, A2)-closed. O
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Example 3.3. (a) Let X = {a,b,c}, 1 = {0,{a},{a,b}}, po = {0,{b}, {a,b},
{a,c}, X} and A = {0, {a},{a,b},{a,c},{b,c}, X}. Then p1, ua, A are three GT’s on
X. Consider the identity functions f: (X, u2) — (X, A) and f: (X, p1) — (X, N). It
can be checked that f: (X, pu1) — (X, A) is weakly (u1, A)-closed but f: (X, u2) —
(X, \) is not weakly (2, A)-closed.

(b) Let X = {a,b,c}, p = {0,{a},{a,b}}, M1 = {0,{a},{a, b}, X} and Ny =
{0,{a},{c},{a,c}}. Then A1, A2, u are three GT’s on X. Consider the identity
functions f: (X,pu) — (X, A1) and f: (X,u) — (X,\2). It can be checked that
f+ (X, p) — (X, A1) is not weakly (i, A\)-closed but f: (X, u) — (X, A2) is weakly
(11, A2)-closed.

Theorem 3.4. Let (X, 7) be a topological space and (Y,\) be a GTS. Then the
following properties are equivalent:
(a) f: (X,7s5) — (Y, \) is weakly (75, \) closed.
(b) f: (X,7) = (Y, ) is weakly (1, ) closed.
(¢) f: (X,7a) = (Y, \) is weakly (74, \) closed.

Proof. Since 75 & 7 € 7,, by Theorem 3.1 we have (¢) = (b) = (a).
(a) = (c): Let F be a a-closed subset of (X,7). Then into(F) = F N
int(cl(int(F))) € int(cl(int(F))) € cl(int(F)) = cl(int(cl(F))). Therefore, we have

ex(f(inta (F))) & f(cl(int(cl(F)))) E f(F). O

Let (X, 7) and (Y, 0) be two topological spaces. A function f: (X,7) — (Y,0) is
said to be weakly closed [13] if cl(f(int(F))) € f(F) (instead of weakly (7, o)-closed)
for every closed set F' of X.

Corollary 3.5. Let (X, 7) and (Y, o) be two topological spaces. Then the follow-
ing statements are equivalent:
(a) f: (X, 1) — (Y,0) is weakly closed.
(b) f: (X,7) = (Y,0) is weakly closed.
(¢) f: (X,7a) — (Y,0) is weakly closed.

Proof. Follows from Theorem 3.4. O

Conclusion. The definitions of various types of weakly closed functions may
be introduced from the definition of weakly (u, A)-closed function by replacing the
generalized topologies 11 and A (on X and Y, respectively) suitably.

Acknowledgement. The author is thankful to the referee for some construc-
tive comments to improving the paper.
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