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A unified theory of weakly
contra-(µ, λ)-continuous functions
in generalized topological spaces

Ahmad Al-Omari and Takashi Noiri

Abstract. We introduce a new notion called weakly contra-(µ, λ)-continuous func-
tions as functions on generalized topological spaces [17]. We obtain some charac-
terizations and several properties of such functions. The functions enable us to
formulate a unified theory of several modifications of weak contra-continuity due
to Baker [9].
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1. Introduction

In [15]-[25], Á. Császár founded the theory of generalized topological spaces, and
studied the elementary character of these classes. Especially he introduced the notion
of continuous functions on generalized topological spaces and investigated characteri-
zations of generalized continuous functions (= (µ, λ)-continuous functions in [17]). We
recall some notions defined in [17]. Let X be a non-empty set and exp X the power
set of X. We call a class µ ⊆ exp X a generalized topology [17] (briefly, GT) if φ ∈ µ
and the arbitrary union of elements of µ belongs to µ. A set X with a GT µ on it is
called a generalized topological space (briefly, GTS) and is denoted by (X, µ).

For a GTS (X, µ), the elements of µ are called µ-open sets and the complements
of µ-open sets are called µ-closed sets. For A ⊆ X, we denote by cµ(A) the intersection
of all µ-closed sets containing A, i.e., the smallest µ- closed set containing A; and by
iµ(A) the union of all µ-open sets contained in A, i.e., the largest µ-open set contained
in A (see [17], [22]). Obviously in a topological space (X, τ), if one takes τ as the GT,
then cµ becomes the usual closure operator.

It is easy to observe that iµ and cµ are idempotent and monotonic, where γ :
exp X → exp X is said to be idempotent if A ⊆ B ⊆ X implies γ(γ(A)) = γ(A) and
monotonic if γ(A) ⊆ γ(B). It is also well known from [20] and [23] that let µ be a
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GT on X, A ⊂ X and x ∈ X, then (1) x ∈ cµ(A) if and only if M ∩ A 6= φ for every
M ∈ µ containing x and (2) cµ(X −A) = X − iµ(A).

2. Preliminaries

Let (X, τ) be a topological space and A a subset of X. The closure of A and the
interior of A are denoted by Cl(A) and Int(A), respectively. A subset A is said to be
regular closed (resp. regular open) if Cl(Int(A)) = A (resp. Int(Cl(A)) = A).

Definition 2.1. Let (X, τ) be a topological space. A subset A of X is said to be semi-
open [40] (resp. preopen [42], α-open [47], β-open [1] or semi-preopen [4], b-open [5])
if A ⊂ Cl(Int(A)) (resp. A ⊂ Int(Cl(A)), A ⊂ Int(Cl(Int(A))), A ⊂ Cl(Int(Cl(A))),
A ⊂ Cl(Int(A)) ∪ Int(Cl(A))).

We note that for any topological space (X, τ), the collection of all open (resp.
semi-open, preopen, α-open, β-open, b-open) sets in X is denoted by τ (resp. SO(X)
PO(X), α(X), β(X) or SPO(X), BO(X)). These collection form a GT.

Definition 2.2. The complement of a semi-open (resp. preopen, α-open, β-open, b-
open) set is said to be semi-closed [14] (resp. preclosed [42], α-closed [43], β-closed
[1] or semi-preclosed [4], b-closed [5]).

Definition 2.3. The intersection of all semi-closed (resp. preclosed, α-closed, β-closed,
b-closed) sets of X containing A is called the semi-closure [14] (resp. preclosure [32],
α-closure [43], β-closure [2] or semi-preclosure [4], b-closure [5]) of A and is denoted
by sCl(A) (resp. pCl(A), αCl(A), βCl(A) or spCl(A), bCl(A)).

Definition 2.4. The union of all semi-open (resp. preopen, α-open, β-open, b-open)
sets of X contained in A is called the semi-interior (resp. preinterior, α-interior, β-
interior or semi-preinterior, b-interior) of A and is denoted by sInt(A) (resp. pInt(A),
αInt(A), βInt(A) or spInt(A), bInt(A)).

Throughout the present paper, (X, τ) and (Y, σ) denote topological spaces and
f : (X, τ) → (Y, σ) presents a (single valued) function from a topological space (X, τ)
into a topological space (Y, σ).

Definition 2.5. A function f : (X, τ) → (Y, σ) is said to be semi-continuous [40] (resp.
precontinuous [42], α-continuous [43], β-continuous [1], b-continuous [31]) if for each
point x ∈ X and each open set V of Y containing f(x), there exists a semi-open (resp.
preopen, α-open, β-open , b-open) set U of X containing x such that f(U) ⊂ V .

Definition 2.6. A function f : (X, τ) → (Y, σ) is said to be weakly continuous [39]
(resp. weakly quasicontinuous [59] or weakly semi-continuous [7], [13], [38], almost
weakly continuous [37] or quasi precontinuous [55], weakly α-continuous [48], weakly
β-continuous [56], weakly b-continuous [60]) if for each x ∈ X and each open set V of
Y containing f(x), there exists an open (resp. semi-open, preopen, α-open, β-open,
b-open) set U of X containing x such that f(U) ⊂ Cl(V ).

A unified theory of weakly continuous functions is investigated in [58].
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Definition 2.7. A function f : (X, τ) → (Y, σ) is said to be slightly continuous [34]
(resp. slightly semi-continuous [53], slightly precontinuous or faintly semi-continuous
[54], slightly β-continuous [49], slightly b-continuous [31]) if for each point x ∈ X
and each clopen set V of Y containing f(x), there exists an open (resp. semi-open,
preopen, β-open , b-open) set U of X containing x such that f(U) ⊂ V .

A unified theory of slightly continuous functions is investigated in [57].

Definition 2.8. A function f : (X, τ) → (Y, σ) is said to be weakly contra-continuous [9]
(resp. weakly contra-precontinuous [11], weakly contra-β-continuous [10]) if for each
open set V of Y and each closed set A of Y such that A ⊂ V , Cl(f−1(A)) ⊂ f−1(V )
(resp. pCl(f−1(A)) ⊂ f−1(V ), spCl(f−1(A)) ⊂ f−1(V )).

Definition 2.9. [51] A function f : (X, τ) → (Y, σ) is said to be weakly contra-semi-
continuous (resp. weakly contra-α-continuous, weakly contra-γ-continuous or weakly
contra-b-continuous) if for each open set V of Y and each closed set A of Y such
that A ⊂ V , sCl(f−1(A)) ⊂ f−1(V ) (resp. αCl(f−1(A)) ⊂ f−1(V ), bCl(f−1(A)) ⊂
f−1(V )).

3. Weakly contra-(µ, λ)-continuous functions

Definition 3.1. Let f : (X, µ) → (Y, λ) be a function on generalized topological spaces.
Then the function f is said to be

1. (µ, λ)-continuous [17] if G ∈ λ implies that f−1(G) ∈ µ.
2. weakly (µ, λ)-continuous [44] if for each x ∈ X and each λ-open set V containing

f(x), there exists a µ-open set U containing x such that f(U) ⊆ cλ(V ).
3. almost (µ, λ)-continuous [45] if for each x ∈ X and each λ-open set V containing

f(x), there exists a µ-open set U containing x such that f(U) ⊆ iλ(cλ(V )).
4. almost (µ, λ)-open if f(U) ⊆ iλ(cλ(f(U))) for every U ∈ µ.
5. contra-(µ, λ)-continuous [3] if f−1(V ) is µ-closed in X for each λ-open set of Y .

Definition 3.2. Let (X, µ) and (Y, λ) be GTS’s. Then a function f : X → Y is said
to be weakly contra-(µ, λ)-continuous if for each λ-open set V of Y and each λ-closed
set A of Y such that A ⊂ V , cµ(f−1(A)) ⊂ f−1(V ).

Remark 3.3. Let f : (X, τ) → (Y, σ) be a function, µ = τ (resp. SO(X), PO(X),
α(X), β(X), BO(X)) and λ = σ. If f : (X, µ) → (Y, λ) is weakly contra-
(µ, λ)-continuous, then f is weakly contra-continuous [51] (resp. weakly contra-semi-
continuous, weakly contra-precontinuous, weakly contra-α-continuous, weakly contra-
β-continuous, weakly contra-b-continuous).
Theorem 3.4. If a function f : (X, µ) → (Y, λ) is contra-(µ, λ)-continuous, then f is
weakly contra-(µ, λ)-continuous.

Proof. Let V be any λ-open set of Y and A a λ-closed set of Y such that A ⊂
V . Since f is contra-(µ, λ)-continuous, f−1(V ) = cµ(f−1(V )). Therefore, we have
cµ(f−1(A)) ⊂ cµ(f−1(V )) = f−1(V ). This shows that f is weakly contra-(µ, λ)-
continuous. �
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Remark 3.5. Let f : (X, τ) → (Y, σ) be a function and µ a GT on X. If µ = τ (resp.
PO(X), β(X)), then by Theorem 3.4 we obtain the results established in Theorem
3.1 of [9] (resp. Theorem 3.3 of [11], Theorem 3.3 of [10]).

Theorem 3.6. If a function f : (X, µ) → (Y, λ) is (µ, λ)-continuous, then f is weakly
contra-(µ, λ)-continuous.

Proof. Let V be any λ-open set of Y and A a λ-closed set of Y such that A ⊂ V .
Since f is (µ, λ)-continuous, then we have cµ(f−1(A)) = f−1(A) ⊂ f−1(V ). Therefore
f is weakly contra-(µ, λ)-continuous. �

Remark 3.7. Let f : (X, τ) → (Y, σ) be a function and µ a GT on X. If µ = τ (resp.
PO(X), β(X)), then by Theorem 3.6 we obtain the results established in Theorem
3.4 of [9] (resp. Theorem 3.2 of [11], Theorem 3.2 of [10]).

Definition 3.8. A function f : (X, µ) → (Y, λ) is said to be slightly (µ, λ)-continuous
if for each point x ∈ X and each λ-clopen set V of Y containing f(x), there exists
U ∈ µ containing x such that f(U) ⊂ V .

Theorem 3.9. Let (X, µ) and (Y, λ) be GTSs. For a function f : (X, µ) → (Y, λ), the
following statements are equivalent:

1. f is slightly (µ, λ)-continuous;
2. for every λ-clopen set V ⊆ Y , f−1(V ) is µ-open;
3. for every λ-clopen set V ⊆ Y , f−1(V ) is µ-closed;
4. for every λ-clopen set V ⊆ Y , f−1(V ) is µ-clopen.

Proof. (1) ⇒ (2): Let V be a λ-clopen subset of Y and let x ∈ f−1(V ). Since f is
slightly (µ, λ)-continuous, there exists a µ-open set Ux in X containing x such that
f(Ux) ⊆ V ; hence Ux ⊆ f−1(V ). We obtain that f−1(V ) = ∪{Ux|x ∈ f−1(V )}. Thus
f−1(V ) is µ-open.
(2)⇒ (3): Let V be a λ-clopen subset of Y . Then Y \V is λ-clopen. By (2) f−1(Y \V ) =
X\f−1(V ) is µ-open. Thus f−1(V ) is µ-closed.
(3) ⇒ (4): It can be shown easily.
(4) ⇒ (1): Let V be a λ-clopen subset in Y containing f(x). By (4), f−1(V ) is µ-
clopen. Take U = f−1(V ). Then, f(U) ⊆ V . Hence, f is slightly (µ, λ)-continuous. �

Theorem 3.10. If a function f : (X, µ) → (Y, λ) is weakly contra-(µ, λ)-continuous,
then f is slightly (µ, λ)-continuous.

Proof. Let V be a λ-clopen set of Y . If we put A = V , then by the weak contra-
(µ, λ)-continuity we have cµ(f−1(V )) ⊂ f−1(V ) and hence cµ(f−1(V )) = f−1(V ). It
follows from Theorem 3.9 that f is slightly (µ, λ)-continuous. �

Remark 3.11. Let f : (X, τ) → (Y, σ) be a function and µ be a GT on X. If µ = τ
(resp. PO(X), β(X)), then by Theorem 3.10 we obtain the results established in
Theorem 3.7 of [9] (resp. Theorem 3.6 of [11], Theorem 3.6 of [10]).

Lemma 3.12. If a function f : (X, µ) → (Y, λ) is weakly (µ, λ)-continuous, then f is
slightly (µ, λ)-continuous.
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Proof. This follows easily from Theorem 3.9. �

The following implications are hold:

DIAGRAM

contra-(µ, λ)-continuity //

��

weak (µ, λ)-continuity

��
(µ, λ)-continuity // weak contra-(µ, λ)-continuity // slightly (µ, λ)-continuity

Remark 3.13. Let f : (X, τ) → (Y, σ) be a function and µ be a GT on X. If µ = τ (resp.
PO(X), β(X)), then by DIAGRAM we obtain the diagram constructed in [9] (resp. [11],
[10]).

Definition 3.14. A generalized topological space (Y, λ) is said to be 0-λ-dimensional if each
point of Y has a neighborhood base consisting of λ-clopen sets.

Theorem 3.15. Let (Y, λ) be 0-λ-dimensional. Then for a function f : (X, µ) → (Y, λ), the
following properties are equivalent:

1. f is (µ, λ)-continuous;
2. f is weakly contra-(µ, λ)-continuous;
3. f is slightly (µ, λ)-continuous.

Proof. The proofs of the implications (1) ⇒ (2) and (2) ⇒ (3) follow from DIAGRAM.
(3) ⇒ (1): Let x ∈ X and let V be a λ-open subset of Y containing f(x). Since Y is 0-
λ-dimensional, there exists a λ-clopen set U containing f(x) such that U ⊆ V . Since f is
slightly (µ, λ)-continuous, then there exists a µ-open subset G in X containing x such that
f(G) ⊆ U ⊆ V . Thus, f is (µ, λ)-continuous. �

Definition 3.16. A topological space (Y, σ) is said to be extremally disconnected [61] (briefly
E.D.) if the closure of each open set of Y is open in Y .

Theorem 3.17. If f : (X, µ) → (Y, σ) is weakly contra-(µ, σ)-continuous and (Y, σ) is E.D.,
then f is weakly (µ, σ)-continuous.

Proof. Let V be an open set of Y . Since (Y, σ) is E.D., Cl(V ) is clopen. Since f is weakly
contra-(µ, σ)-continuous, cµ(f−1(V )) ⊂ cµ(f−1(Cl(V ))) ⊂ f−1(Cl(V )). Hence cµ(f−1(V )) ⊂
f−1(Cl(V )) for every open set V of Y . We claim that f is weakly (µ, σ)-continuous if
cµ(f−1(V )) ⊂ f−1(Cl(V )) for every open set V of Y . Now let x ∈ X and V be any open
set containing f(x). Since V ∩ (Y − Cl(V )) = φ, clearly f(x) /∈ Cl(Y − Cl(V )) and hence
x /∈ f−1(Cl(Y −Cl(V ))). Since Y −Cl(V ) is open, we have x /∈ cµ(f−1(Y −Cl(V )). There-
fore, there exists a µ-open set U containing x such that U ∩ f−1(Y − Cl(V )) = φ; hence
f(U) ∩ (Y − Cl(V )) = φ. This shows that f(U) ⊆ Cl(V ). Therefore, f is weakly (µ, σ)-
continuous. �

Remark 3.18. Let f : (X, τ) → (Y, σ) be a function and µ a GT on X. If µ = τ (resp. PO(X),
β(X)), then by Theorem 3.17 we obtain the results established in Corollary 3.9 of [9] (resp.
Corollary 3.10 of [11], Corollary 3.9 of [10]).
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4. Weak contra-(µ, λ)-continuity and (gµ, λ)-continuity

Definition 4.1. Let (X, τ) be a topological space. A subset A of X is said to be
1. g-closed [41] if Cl(A) ⊂ U whenever A ⊂ U and U ∈ τ ,
2. αg-closed [27] if αCl(A) ⊂ U whenever A ⊂ U and U ∈ τ ,
3. gs-closed [26] if sCl(A) ⊂ U whenever A ⊂ U and U ∈ τ ,
4. gp-closed [6] if pCl(A) ⊂ U whenever A ⊂ U and U ∈ τ ,
5. gsp-closed [28] if spCl(A) ⊂ U whenever A ⊂ U and U ∈ τ ,
6. γg-closed [33] if bCl(A) ⊂ U whenever A ⊂ U and U ∈ τ .

Definition 4.2. Let µ be a GT on a topological space (X, τ). Then a subset A of X is said to
be generalized µ-closed (briefly gµ-closed) [52] if cµ(A) ⊂ U whenever A ⊂ U and U ∈ τ .
The complement of a gµ-closed set is called a generalized µ-open (or simply gµ-open) set.

Remark 4.3. [52] Let (X, τ) be a topological space and µ be a GT on X. Then every gµ-
closed set reduces to a g-closed (resp. gs-closed, gp-closed, αg-closed, gsp-closed, γg-closed)
set if one takes µ to be τ (resp. SO(X), PO(X), α(X), β(X), BO(X)).

Definition 4.4. A function f : (X, τ) → (Y, σ) is said to be g-continuous [12] or weakly
g-continuous [46] (resp. gs-continuous [26], gp-continuous [6], αg-continuous [27], gsp-
continuous [28], γg-continuous [33]) if f−1(K) is g-closed (resp. gs-closed, gp-closed, αg-
closed, gsp-closed, γg-closed) in X for every closed set K of Y .

Definition 4.5. Let (X, τ) be a topological space and µ be a GT on X. A function f : (X, µ) →
(Y, λ) is said to be (gµ, λ)-continuous if f−1(K) is gµ-closed for every λ-closed set K of Y .

Remark 4.6. Let f : (X, τ) → (Y, σ) be a function, µ, λ be GTS’s on X, Y and σ = λ. If µ = τ
(resp. SO(X), PO(X), α(X), SPO(X), BO(X)) and f : (X, µ) → (Y, λ) is (gµ, λ)-continuous,
then f is g-continuous (resp. gs-continuous, gp-continuous, αg-continuous, gsp-continuous,
γg-continuous).

Definition 4.7. A function f : (X, τ) → (Y, σ) is said to be approximately continuous [8]
(resp. approximately semi-continuous, approximately precontinuous [11], approximately α-
continuous, approximately β-continuous [10], approximately b-continuous) if Cl(A) ⊂ f−1(V )
(resp. sCl(A) ⊂ f−1(V ), pCl(A) ⊂ f−1(V ), αCl(A) ⊂ f−1(V ), spCl(A) ⊂ f−1(V ), bCl(A) ⊂
f−1(V )) whenever V is open in Y and A is g-closed (resp. gs-closed, gp-closed, αg-closed,
gsp-closed, γg-closed) in X such that A ⊂ f−1(V ).

Definition 4.8. Let (X, τ) be a topological space and µ be a GT on X. A function f : (X, µ) →
(Y, λ) is said to be approximately (µ, λ)-continuous if cµ(A) ⊂ f−1(V ) whenever V is λ-open
in Y and A is gµ-closed in X such that A ⊂ f−1(V ).

Remark 4.9. Let f : (X, τ) → (Y, σ) be a function, µ, λ be GTS’s on X, Y and σ =
λ. If µ = τ (resp. SO(X), PO(X), α(X), SPO(X), BO(X)) and f : (X, µ) → (Y, λ) is
approximately (µ, λ)-continuous, then f is approximately continuous (resp. approximately
semi-continuous, approximately precontinuous, approximately α-continuous, approximately
β-continuous, approximately b-continuous).

Theorem 4.10. If f : (X, µ) → (Y, λ) is a (gµ, λ)-continuous and approximately (µ, λ)-
continuous function, then f is weakly contra-(µ, λ)–continuous.

Proof. Let V be a λ-open set of Y and A a λ-closed set of Y such that A ⊂ V . Since
f is (gµ, λ)-continuous, f−1(A) is gµ-closed. Since f−1(A) ⊂ f−1(V ) and f is approxi-
mately (µ, λ)-continuous, cµ(f−1(A)) ⊂ f−1(V ). This shows that f is weakly contra-(µ, λ)-
continuous. �
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Remark 4.11. Let f : (X, τ) → (Y, σ) be a function, µ, λ be GTS’s on X, Y and σ = λ.
If µ = τ (resp. PO(X), β(X)), then by Theorem 4.10 we obtain the results established in
Theorem 3.11 of [9] (resp. Theorem 3.11 of [11], Theorem 3.10 of [10]).

Theorem 4.12. If f : (X, µ) → (Y, λ) is weakly contra-(µ, λ)-continuous and f(A) is λ-closed
in Y for every gµ-closed set A of X, then f is approximately (µ, λ)-continuous.

Proof. Let V be any λ-open set of Y and A any gµ-closed set of X such that A ⊂
f−1(V ). Then f(A) is λ-closed and f(A) ⊂ V . Since f is weakly contra-(µ, λ)-continuous,
cµ(f−1(f(A))) ⊂ f−1(V ) and hence cµ(A) ⊂ cµ(f−1(f(A))) ⊂ f−1(V ). This shows that f is
approximately (µ, λ)-continuous. �

Remark 4.13. Let f : (X, τ) → (Y, σ) be a function and µ, λ be GT’s on X, Y . If µ = τ
(resp. PO(X), β(X)) and λ = σ, then by Theorem 4.12 we obtain the results established in
Theorem 3.12 of [9] (resp. Theorem 3.12 of [11], Theorem 3.11 of [10]).

Definition 4.14. A topological space (X, τ) is said to be strongly S-closed [29] (resp. strongly S-
semi-closed, strongly S-preclosed [11], strongly S-α-closed, strongly Sβ-closed [10], strongly
S-b-closed) if every cover of X by closed (resp. semi-closed, preclosed, α-closed, β-closed,
b-closed) sets of (X, τ) has a finite subcover.

Definition 4.15. A GTS (X, µ) is said to be strongly S-µ-closed if every cover of X by µ-closed
sets of (X, µ) has a finite subcover.

Remark 4.16. Let (X, τ) be a topological space and µ = τ (resp. SO(X), PO(X),
α(X), SPO(X), BO(X)). If (X, µ) is strongly S-µ-closed, then (X, τ) is strongly S-closed
(resp. strongly S-semi-closed, strongly S-preclosed, strongly S-α-closed, strongly Sβ-closed,
strongly S-b-closed).

Definition 4.17. A topological space (X, τ) is called a PΣ-space [9] or C-space [10], [11] if for
every open set U and each x ∈ U , there exists a closed set A such that x ∈ A ⊂ U .

Theorem 4.18. Let f : (X, µ) → (Y, σ) be a weakly contra-(µ, σ)-continuous function, µ a
GT on X and (Y, σ) a C-space. If (X, µ) is strongly S-µ-closed, then f(X) is compact.

Proof. Let (X, µ) be strongly S-µ-closed and {Vα : α ∈ ∆} any cover of f(X) by open sets of
(Y, σ). For each x ∈ X, there exists α(x) ∈ ∆ such that f(x) ∈ Vα(x). Since Y is a C-space,
there exists a closed set Aα(x) such that f(x) ∈ Aα(x) ⊂ Vα(x). Since f is weakly contra-

(µ, σ)-continuous, cµ(f−1(Aα(x))) ⊂ f−1(Vα(x)). The family {cµ(f−1(Aα(x))) : x ∈ X} is a
µ-closed cover of X. Since X is strongly S-µ-closed, there exist a finite number of points,
say, x1, x2, ..., xn in X such that X =

⋃
{cµ(f−1(Aα(xk))) : xk ∈ X, 1 ≤ k ≤ n}. Therefore,

we obtain

f(X) =
⋃
{f(cµ(f−1(Aα(xk)))) : xk ∈ X, 1 ≤ k ≤ n} ⊂

⋃
{Vα(xk) : xk ∈ X, 1 ≤ k ≤ n}.

This shows that f(X) is compact. �

Remark 4.19. Let f : (X, τ) → (Y, σ) be a function and µ be a GT on X. If µ = τ (resp.
PO(X), β(X)), then by Theorem 4.18 we obtain the results established in Theorem 4.1 of
[9] (resp. Theorem 4.1 of [11], Theorem 4.11 of [10]).

Lemma 4.20. [3] For a function f : (X, µ) → (Y, λ), the following properties are equivalent:

1. f is contra-(µ, λ)-continuous;
2. for every λ-closed subset F of Y , f−1(F ) is µ-open in X.
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We will denote by Mµ the union of all µ-open sets in a GTS (X, µ).

Definition 4.21. A generalized topological space (X, µ) is said to be µ-compact if every µ-open
cover of Mµ has a finite subcover.

Theorem 4.22. Let f : (X, µ) → (Y, σ) be a contra-(µ, σ)-continuous surjection and µ a GT
on X. If (X, µ) is µ-compact, then (Y, σ) is strongly S-closed.

Proof. Let (X, µ) be µ-compact and {Vα : α ∈ ∆} any cover of Y by closed sets of (Y, σ).
Since f is contra-(µ, σ)-continuous, by Lemma 4.20 the family {f−1(Vα) : α ∈ ∆} is a µ-
open cover of Mµ. Since (X, µ) is µ-compact, there exists a finite subset ∆0 of ∆ such that
Mµ = ∪{f−1(Vα) : α ∈ ∆0}. Therefore, Y = f(Mµ) = ∪{Vα : α ∈ ∆0}. This shows that
(Y, σ) is strongly S-clsoed. �

Remark 4.23. Let (X, τ) be a topological space. If µ = τ (resp. SO(X), PO(X), α(X)), then
by Theorem 4.22 we obtain the results established in Theorem 4.2 of [30] (resp. Theorem 4.2
of [30], Corollary 5.1 of [36], Corollary 5.1 of [35]).
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Iaşi, Sect. I, 26(30)(1980), 19-21.

[14] Crossley, S.G., Hildebrand, S.K., Semi-closure, Texas J. Sci., 22(1971), 99-112.

[15] Császár, A., Generalized open sets, Acta Math. Hungar., 75(1997), 65-87.

[16] Császár, A., γ-compact spaces, Acta Math. Hungar., 87(2000), 99-107.



A unified theory of weakly contra-(µ, λ)-continuous functions 115

[17] Császár, A., Generalized topology, generalized continuity, Acta Math. Hungar., 96(2002),
351-357.

[18] Császár, A., γ-connected sets, Acta Math. Hungar., 101(2003), 273-279.

[19] Császár, A., Separation axioms for generalized topologies, Acta Math. Hungar., 104
(2004), 63-69.

[20] Császár, A., Generalized open sets in generalized topologies, Acta Math. Hungar.,
106(2005), 53-66.

[21] Császár, A., Further remarks on the formula for γ-interior, Acta Math. Hungar.,
113(2006), 325-332.

[22] Császár, A., Remarks on quasi topologies, Acta Math. Hungar., 119(2008), 197-200.

[23] Császár, A., δ- and θ-modifications of generalized topologies, Acta Math. Hungar.,
120(2008), 275-279.

[24] Császár, A., Enlargements and generalized topologies, Acta Math. Hungar., 120(2008),
351-354.

[25] Császár, A., Products of generalized topologies, Acta Math. Hungar., 123(2009), 127-132.

[26] Devi, R., Balachandran, K., Maki, H., Semi-generalized homeomorphisms and general-
ized semi-homeomorphisms in topological spaces, Indian J. Pure Appl. Math., 26(1995),
271-284.

[27] Devi, R., Balachandran, K., Maki, H., On generalized α-continuous maps and α-
generalized continuous maps, Far East J. Math. Sci., Special Volume, 1997, Part I,
1-15.

[28] Dontchev, J., On generalizing semi-preopen sets, Mem. Fac. Sci. Kochi Univ. Ser. A,
Math., 16(1995), 35-48.

[29] Dontchev, J., Contra-continuous functions and strongly S-closed spaces, Internat. J.
Math. Math. Sci., 19(1996), 303-310.

[30] Dontchev, J., Noiri, T., Contra-semicontinuous functions, Math. Pannonica, 10(1999),
159-168.

[31] Ekici, E., Caldas, M., Slightly γ-continuous functions, Bol. Soc. Paran. Mat., 22(2004),
63-74.

[32] El-Deeb, S.N., Hasanein, I.A., Mashhour, A.S., Noiri, T., On p-regular spaces, Bull.
Math. Soc. Sci. Math. R. S. Roumanie, 27(75)(1983), 311-315.

[33] Fukutake, T., Nasef, A.A., El-Maghrabi, A.I., Some topological concepts via γ-generalized
closed sets, Bull. Fukuoka Univ. Ed. III, 52(2003), 1-9.

[34] Jain, R.C., The role of regular open sets in general topology, Ph. D. Thesis, Meerut Univ.
Meerut, 1980.

[35] Jafari, S., Noiri, T., Contra-α-continuous functions between topological spaces, Iranian
Internat. J. Sci., 2(2001), 153-167.

[36] Jafari, S., Noiri, T., Contra-precontinuous functions, Bull. Malaysian Math. Sci. Soc.,
(2), 25(2002), 115-128.
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