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Abstract. This paper is concerned with the concepts of s(Λ, b)-open sets, p(Λ, b)-open sets,
α(Λ, b)-open sets, β(Λ, b)-open sets and b(Λ, b)-open sets. Some properties of s(Λ, b)-open sets,
p(Λ, b)-open sets, α(Λ, b)-open sets, β(Λ, b)-open sets and b(Λ, b)-open sets are investigated. More-
over, several characterizations of weakly (Λ, b)-continuous functions are established.
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1. Introduction

The concepts of openness and continuity are fundamental with respect to the investi-
gation of topological spaces. The notion of continuity is one of the most important tools
in Mathematics and many different forms of generalizations of continuity have been in-
troduced and investigated. The concept of weakly continuous functions was introduced
by Levine [10]. Rose [13] introduced the notion of subweakly continuous functions and
investigated the relationships between subweak continuity and weak continuity. In [4] has
obtained further properties of subweakly continuous functions. In 1970, Willard [16] intro-
duced the concept of extremally disconnected spaces. Extremally disconnected spaces play
a prominent role in set-theoretical topology. Due to their peculiar properties extremally
disconnected spaces provide crucial applications in the theory of Boolean algebra, in ax-
iomatic set theory and in some branches of functional analysis. Sivaraj [14] investigated
some characterizations of extremally disconnected spaces by utilizing semi-open sets due
to Levine [11]. The concept of submaximality of generalized topological spaces was intro-
duced by Hewitt [9]. He discovered a general way of constructing maximal topologies. The
first systematic study of submaximal spaces was undertaken in the paper of Arhangel’skĭı
and Collins [3]. They gave various necessary and suffient conditions for a space to be
submaximal and showed that every submaximal space is left-separated. In 1996, An-
drijević [2] introduced a new class of generalized open sets called b-open sets into the
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field of topology. This class is a subset of the class of semi-preopen sets [1], i.e. a sub-
set of a topological space which is contained in the closure of the interior of its closure.
Also the class of b-open sets in a superset of the class of semi-open sets [11], i.e. a set
which is contained in the closure of its interior and the class of locally dense set [8] or
preopen sets [12], i.e. a set which is contained in the interior of its closure. Moreover,
Andrijević studied several fundamental and interesting properties of b-open sets. Caldas
et al. [7] introduced the concept of Λb-sets which is the intersection of b-open sets and
investigated the fundamental properties of Λb-sets and Vb-sets. In [5], the present au-
thors introduced and studied the notions of (Λ, b)-closed sets and (Λ, b)-open sets. The
notions of (Λ, b)-extremally disconnected spaces, (Λ, b)-hyperconnected spaces and (Λ, b)-
submaximal spaces were introduced by Viriyapong and Boonpok [15]. Recently, Boonpok
and Viriyapong [6] introduced and studied the notion of weakly (Λ, p)-continuous func-
tions. In this paper, we introduce new classes of sets called s(Λ, b)-open sets, p(Λ, b)-open
sets, α(Λ, b)-open sets, β(Λ, b)-open sets and b(Λ, b)-open sets. We also investigate some
of their fundamental properties. Furthermore, we investigate several characterizations of
(Λ, b)-submaximal spaces and (Λ, b)-extremally disconnected spaces by utilizing the no-
tion of (Λ, b)-open sets. In particular, some characterizations of weakly (Λ, b)-continuous
functions are discussed.

2. Preliminaries

Throughout this paper, the spaces (X, τ) and (X,σ) (or simply X and Y ) always
means topological spaces on which no separation axioms are assumed unless explicitly
stated. For a subset A of X, the closure of A and the interior of A in (X, τ) are denoted
by Cl(A) and Int(A), respectively. A subset A of a topological space (X, τ) is called b-open
[2] if A ⊆ Cl(Int(A)) ∪ Int(Cl(A)). The complement of a b-open set is called b-closed. By
BO(X, τ), we denote the collection of all b-open sets of a topological space (X, τ). Let
A be a subset of a topological space (X, τ). A subset AΛb [7] is defined to be the set
∩{U ∈ BO(X, τ)|A ⊆ U}. A subset A of a topological space (X, τ) is called a Λb-set
[7] if A = AΛb . A subset A of a topological space (X, τ) is called (Λ, b)-closed [5] if
A = T ∩C, where T is a Λb-set and C is a b-closed set. The complement of a (Λ, b)-closed
set is called (Λ, b)-open. The collection of all (Λ, b)-closed (resp. (Λ, b)-open) sets in a
topological space (X, τ) is denoted by ΛbC(X, τ) (resp. ΛbO(X, τ)). Let A be a subset
of a topological space (X, τ). A point x ∈ X is called a (Λ, b)-cluster point [5] of A if for
every (Λ, b)-open set U of X containing x we have A∩U ̸= ∅. The set of all (Λ, b)-cluster
points of A is called the (Λ, b)-closure [5] of A and is denoted by A(Λ,b). The union of
all (Λ, b)-open sets contained in A is called the (Λ, b)-interior [5] of A and is denoted by
A(Λ,b). Let A be a subset of a topological space (X, τ). A subset Λ(Λ,b)(A) [5] is defined
as follows: Λ(Λ,b)(A) = ∩{U ∈ ΛbO(X, τ) | A ⊆ U}.

Lemma 1. [5] Let A and B be subsets of a topological space (X, τ). For the (Λ, b)-closure,
the following properties hold:

(1) A ⊆ A(Λ,b) and [A(Λ,b)](Λ,p) = A(Λ,b).
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(2) If A ⊆ B, then A(Λ,b) ⊆ B(Λ,b).

(3) A(Λ,b) = ∩{F |A ⊆ F and F is (Λ, b)-closed}.

(4) A(Λ,b) is (Λ, b)-closed.

(5) A is (Λ, b)-closed if and only if A = A(Λ,b).

Lemma 2. [5] Let A and B be subsets of a topological space (X, τ). For the (Λ, b)-interior,
the following properties hold:

(1) A(Λ,b) ⊆ A and [A(Λ,b)](Λ,b) = A(Λ,b).

(2) If A ⊆ B, then A(Λ,b) ⊆ B(Λ,b).

(3) A(Λ,b) is (Λ, b)-open.

(4) A is (Λ, b)-open if and only if A(Λ,b) = A.

Lemma 3. [5] For subsets A,B of a topological space (X, τ), the following properties hold:

(1) A ⊆ Λ(Λ,b)(A).

(2) If A ⊆ B, then Λ(Λ,b)(A) ⊆ Λ(Λ,b)(B).

(3) Λ(Λ,b)[Λ(Λ,b)(A)] = Λ(Λ,b)(A).

(4) If A is (Λ, b)-open, then Λ(Λ,b)(A) = A.

3. Some properties of generalized (Λ, b)-open sets

In this section, we introduce new classes of sets called s(Λ, b)-open sets, p(Λ, b)-open
sets, α(Λ, b)-open sets, β(Λ, b)-open sets and b(Λ, b)-open sets. We also investigate some
of their fundamental properties.

Definition 1. A subset A of a topological space (X, τ) is said to be:

(i) s(Λ, b)-open if A ⊆ [A(Λ,b)]
(Λ,b);

(ii) p(Λ, b)-open if A ⊆ [A(Λ,b)](Λ,b);

(iii) α(Λ, b)-open if A ⊆ [[A(Λ,b)]
(Λ,b)](Λ,b);

(iv) β(Λ, b)-open if A ⊆ [[A(Λ,b)](Λ,b)]
(Λ,b).

Example 1. Let X = {−1, 0, 1} with the topology τ = {∅, {−1}, {0, 1}, X}. Let A = {−1}.
Then, A is s(Λ, b)-open and p(Λ, b)-open. On the other hand, let B = {0, 1}. Then, B is
α(Λ, b)-open and β(Λ, b)-open.
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The family of all s(Λ, b)-open (resp. p(Λ, b)-open, α(Λ, b)-open, β(Λ, b)-open) sets
in a topological space (X, τ) is denoted by sΛbO(X, τ) (resp. pΛbO(X, τ), αΛbO(X, τ),
βΛbO(X, τ)). The complement of a s(Λ, b)-open (resp. p(Λ, b)-open, α(Λ, b)-open, β(Λ, b)-
open) set is said to be s(Λ, b)-closed (resp. p(Λ, b)-closed, α(Λ, b)-closed, β(Λ, b)-closed).
The family of all s(Λ, b)-closed (resp. p(Λ, b)-closed, α(Λ, b)-closed, β(Λ, b)-closed) sets
in a topological space (X, τ) is denoted by sΛbC(X, τ) (resp. pΛbC(X, τ), αΛbC(X, τ),
βΛbO(X, τ)).

Proposition 1. For a topological space (X, τ), the following properties hold:

(1) ΛbO(X, τ) ⊆ αΛbO(X, τ) ⊆ sΛbO(X, τ) ⊆ βΛbO(X, τ).

(2) αΛbO(X, τ) ⊆ pΛbO(X, τ) ⊆ βΛbO(X, τ).

(3) αΛbO(X, τ) = sΛbO(X, τ) ∩ pΛbO(X, τ).

A subset A of a topological space (X, τ) is called r(Λ, b)-open [15] if A = [A(Λ,b)](Λ,b).
The complement of a r(Λ, b)-open set is called r(Λ, b)-closed. The family of all r(Λ, b)-open
(resp. r(Λ, b)-closed) sets in a topological space (X, τ) is denoted by rΛbO(X, τ) (resp.
rΛbC(X, τ)).

Proposition 2. For a subset A of a topological space (X, τ), the following properties are
equivalent:

(1) A is r(Λ, b)-open.

(2) A is (Λ, b)-open and s(Λ, b)-closed.

(3) A is α(Λ, b)-open and s(Λ, b)-closed.

(4) A is p(Λ, b)-open and s(Λ, b)-closed.

(5) A is (Λ, b)-open and β(Λ, b)-closed.

(6) A is α(Λ, b)-open and β(Λ, b)-closed.

Proof. (1) ⇒ (2) ⇒ (3) ⇒ (4): Obvious.
(4) ⇒ (5): Let A be (Λ, b)-open and s(Λ, b)-closed. Then, A ⊆ [A(Λ,b)](Λ,b) and

[A(Λ,b)](Λ,b) ⊆ A. This implies that A = [A(Λ,b)](Λ,b). Thus, A is r(Λ, b)-open and hence
A is (Λ, b)-open. Since every s(Λ, b)-closed set is β(Λ, b)-closed. This shows that A is
(Λ, b)-open and β(Λ, b)-closed.

(5) ⇒ (6): Obvious.
(6) ⇒ (1): Let A be α(Λ, b)-open and β(Λ, b)-closed. Then, A ⊆ [[A(Λ,b)]

(Λ,b)](Λ,b)
and [[A(Λ,b)]

(Λ,b)](Λ,b) ⊆ A. This shows that A = [[A(Λ,b)]
(Λ,b)](Λ,b). Thus, A(Λ,b) =

[[A(Λ,b)]
(Λ,b)](Λ,b) = A and hence [A(Λ,b)](Λ,b) = [[A(Λ,b)]

(Λ,b)](Λ,b) = A. Therefore, A is
r(Λ, b)-open.
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Corollary 1. For a subset A of a topological space (X, τ), the following properties are
equivalent:

(1) A is r(Λ, b)-closed.

(2) A is (Λ, b)-closed and s(Λ, b)-open.

(3) A is α(Λ, b)-closed and s(Λ, b)-open.

(4) A is p(Λ, b)-closed and s(Λ, b)-open.

(5) A is (Λ, b)-closed and β(Λ, b)-open.

(6) A is α(Λ, b)-closed and β(Λ, b)-open.

Definition 2. A subset A of a topological space (X, τ) is said to be b(Λ, b)-open if A ⊆
[A(Λ,b)]

(Λ,b)∪ [A(Λ,b)](Λ,b). The complement of a b(Λ, b)-open set is said to be b(Λ, b)-closed.

Example 2. Let X = {−2,−1, 0, 1, 2} with the topology τ = {∅, {−2,−1}, {0, 1, 2}, X}.
Let C = {−2,−1}. Then, C is b(Λ, b)-open.

The family of all b(Λ, b)-open (resp. b(Λ, b)-closed) sets in a topological space (X, τ)
is denoted by bΛbO(X, τ) (resp. bΛbC(X, τ)).

Proposition 3. Let A be a subset of a topological space (X, τ). If A is b(Λ, b)-open, then
A(Λ,b) is r(Λ, b)-closed.

Proof. Suppose that A is b(Λ, b)-open. Then, A ⊆ [A(Λ,b)]
(Λ,b) ∪ [A(Λ,b)](Λ,b). Thus,

A(Λ,b) ⊆ [[A(Λ,b)]
(Λ,b) ∪ [A(Λ,b)](Λ,b)]

(Λ,b)

⊆ [[A(Λ,b)]
(Λ,b)](Λ,b) ∪ [[A(Λ,b)](Λ,b)]

(Λ,b) = [[A(Λ,b)](Λ,b)]
(Λ,b) ⊆ A(Λ,b)

and hence A(Λ,b) = [[A(Λ,b)](Λ,b)]
(Λ,b). Therefore, A(Λ,b) is r(Λ, b)-closed.

Corollary 2. For a subset A of a topological space (X, τ), the following properties hold:

(1) If A is s(Λ, b)-open, then A(Λ,b) is r(Λ, b)-closed.

(2) If A is p(Λ, b)-open, then A(Λ,b) is r(Λ, b)-closed.

(3) If A is α(Λ, b)-open, then A(Λ,b) is r(Λ, b)-closed.

Proposition 4. For a subset A of a topological space (X, τ), the following properties are
equivalent:

(1) A ∈ βΛbO(X, τ).

(2) A(Λ,b) ∈ rΛbC(X, τ).

(3) A(Λ,b) ∈ βΛbO(X, τ).
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(4) A(Λ,b) ∈ sΛbO(X, τ).

(5) A(Λ,b) ∈ bΛbO(X, τ).

Proof. (1) ⇒ (2): Let A ∈ βΛbO(X, τ). Then, A ⊆ [[A(Λ,b)](Λ,b)]
(Λ,b). Thus,

A(Λ,b) ⊆ [[A(Λ,b)](Λ,b)]
(Λ,b) ⊆ A(Λ,b) and hence A(Λ,b) = [[A(Λ,b)](Λ,b)]

(Λ,b). Therefore,

A(Λ,b) ∈ rΛbC(X, τ).
(2) ⇒ (3) ⇒ (4) ⇒ (5): Obvious.
(5) ⇒ (1): LetA(Λ,b) ∈ bΛbO(X, τ). Then, A(Λ,b) ⊆ [[A(Λ,b)](Λ,b)](Λ,b)∪[[A(Λ,b)](Λ,b)]

(Λ,b) =

[A(Λ,b)](Λ,b) ∪ [[A(Λ,b)](Λ,b)]
(Λ,b) = [[A(Λ,b)](Λ,b)]

(Λ,b). Thus, A ⊆ [[A(Λ,b)](Λ,b)]
(Λ,b) and hence

A ∈ βΛbO(X, τ).

Definition 3. Let (X, τ) be a topological space and x ∈ X. A subset ⟨x⟩b is defined as
follows: ⟨x⟩b = Λ(Λ,b)({x}) ∩ {x}(Λ,b).

Example 3. Let X = {−1, 1} with the topology τ = {∅, {−1}, X}. Then, ⟨1⟩b = {1}.

Recall that a subset N of a topological space (X, τ) is said to be a (Λ, b)-neighbourhood
[5] of a point x ∈ X if there exists a (Λ, b)-open set U of X such that x ∈ U ⊆ N .

Theorem 1. Let (X, τ) be a topological space. Then, the following properties hold:

(1) Λ(Λ,b)(A) = {x ∈ X | A ∩ {x}(Λ,b) ̸= ∅} for each subset A of X.

(2) For each x ∈ X, Λ(Λ,b)(⟨x⟩b) = Λ(Λ,b)({x}).

(3) For each x ∈ X, (⟨x⟩b)(Λ,b) = {x}(Λ,b).

(4) If U is (Λ, b)-open in (X, τ) and x ∈ U , then ⟨x⟩b ⊆ U .

(5) If F is (Λ, b)-closed in (X, τ) and x ∈ F , then ⟨x⟩b ⊆ F .

Proof. (1) Suppose that A ∩ {x}(Λ,b) = ∅. Then, we have x ̸∈ X − {x}(Λ,b) which
is a (Λ, b)-open set containing A. Therefore, x ̸∈ Λ(Λ,b)(A). Consequently, we obtain

Λ(Λ,b)(A) ⊆ {x ∈ X | A ∩ {x}(Λ,b) ̸= ∅}. Next, let x ∈ X such that A ∩ {x}(Λ,b) ̸= ∅
and suppose that x ̸∈ Λ(Λ,b)(A). Then, there exists a (Λ, b)-open set U containing A and

x ̸∈ U . Let y ∈ A ∩ {x}(Λ,b). Thus, U is a (Λ, b)-neighbourhood of y which does not
contain x. By this contradiction x ∈ Λ(Λ,b)(A).

(2) Let x ∈ X, Then, we have {x} ⊆ {x}(Λ,b) ∩ Λ(Λ,b)({x}) = ⟨x⟩b. By Lemma
3, Λ(Λ,b)({x}) ⊆ Λ(Λ,b)(⟨x⟩b). Next, we show the opposite implication. Suppose that
y ̸∈ Λ(Λ,b)({x}). There exists a (Λ, b)-open set V such that x ∈ V and y ̸∈ V . Since ⟨x⟩b ⊆
Λ(Λ,b)({x}) ⊆ Λ(Λ,b)(V ) = V , we have Λ(Λ,b)(⟨x⟩b) ⊆ V . Since y ̸∈ V, y ̸∈ Λ(Λ,b)(⟨x⟩b).
Thus, Λ(Λ,b)(⟨x⟩b) ⊆ Λ(Λ,b)({x}) and hence Λ(Λ,b)({x}) = Λ(Λ,b)(⟨x⟩b).

(3) By the definition of ⟨x⟩b, we have {x} ⊆ ⟨x⟩b and {x}(Λ,b) ⊆ (⟨x⟩b)(Λ,b) by Lemma
1. On the other hand, we have ⟨x⟩b ⊆ {x}(Λ,b) and (⟨x⟩b)(Λ,b) ⊆ ({x}(Λ,b))(Λ,b) = {x}(Λ,b).
Thus, (⟨x⟩b)(Λ,b) ⊆ {x}(Λ,b).
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(4) Since x ∈ U and U is (Λ, b)-open, we have Λ(Λ,b)({x}) ⊆ U . Thus, ⟨x⟩b ⊆ U .

(5) Since x ∈ F and F is (Λ, b)-closed, ⟨x⟩b = {x}(Λ,b) ∩ Λ(Λ,b)({x}) ⊆ {x}(Λ,b) ⊆
F (Λ,b) = F .

Definition 4. [15] A subset A of a topological space (X, τ) is said to be:

(i) (Λ, b)-dense if A(Λ,b) = X;

(ii) (Λ, b)-codense if its complement is (Λ, b)-dense.

Recall that a topological space (X, τ) is called (Λ, b)-submaximal [15] if each (Λ, b)-
dense subset of X is (Λ, b)-open.

Proposition 5. Let (X, τ) be a topological space. If each p(Λ, b)-open set is s(Λ, b)-open
and each α(Λ, b)-open set is (Λ, b)-open, then (X, τ) is (Λ, b)-submaximal.

Proof. Let D be (Λ, b)-dense subset of X. Since D(Λ,b) = X, we have D is p(Λ, b)-
open. Thus, D is s(Λ, b)-open and hence D is α(Λ, b)-open. Since each α(Λ, b)-open set is
(Λ, b)-open, D is (Λ, b)-open. This shows that (X, τ) is (Λ, b)-submaximal.

Proposition 6. Let (X, τ) be a topological space. If each p(Λ, b)-open set is (Λ, b)-open,
then (X, τ) is (Λ, b)-submaximal.

Proof. Suppose that each p(Λ, b)-open set is (Λ, b)-open. It follows that every p(Λ, b)-
open set is s(Λ, b)-open. Since each α(Λ, b)-open set is p(Λ, b)-open, then each α(Λ, b)-open
set is (Λ, b)-open. Thus, by Proposition 5, (X, τ) is (Λ, b)-submaximal.

Proposition 7. For a topological space (X, τ), the following properties are equivalent:

(1) (X, τ) is (Λ, b)-submaximal.

(2) Each (Λ, b)-codense subset of X is (Λ, b)-closed.

Recall that a topological space (X, τ) is called (Λ, b)-extremally disconnected [15] if
U (Λ,b) is (Λ, b)-open in X for every (Λ, b)-open set U of X.

Lemma 4. Let A be a subset of a topological space (X, τ). If U ∈ ΛbO(X, τ) and U∩A = ∅,
then U ∩A(Λ,b) = ∅.

Theorem 2. For a topological space (X, τ), the following properties are equivalent:

(1) (X, τ) is (Λ, b)-extremally disconnected.

(2) U (Λ,b) ∩ V (Λ,b) = ∅ for all (Λ, b)-open subsets U and V of X with U ∩ V = ∅.
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Proof. (1) ⇒ (2): Suppose that U and V are (Λ, b)-open sets of X such that U∩V = ∅.
Thus, by Lemma 4, U (Λ,b) ∩ V = ∅ which implies that [U (Λ,b)](Λ,b) ∩ V (Λ,b) = ∅ and hence

U (Λ,b) ∩ V (Λ,b) = ∅.
(2) ⇒ (1): Let U be any (Λ, b)-open set of X. Then, X − U is (Λ, b)-closed and

[X−U ](Λ,b) is (Λ, b)-open such that U∩[X−U ](Λ,b) = ∅. Thus, U (Λ,b)∩[[X−U ](Λ,b)]
(Λ,b) = ∅

which implies that U (Λ,b) ∩ [X − [U (Λ,b)](Λ,b) = ∅. Therefore, U (Λ,b) ⊆ [U (Λ,b)](Λ,b) and

hence U (Λ,b) = [U (Λ,b)](Λ,b). This shows that U (Λ,b) is (Λ, b)-open. Thus, (X, τ) is (Λ, b)-
extremally disconnected.

Lemma 5. Let A be a subset of a topological space (X, τ). If U ∈ ΛbO(X, τ), then
U (Λ,b) ∩A ⊆ [U ∩A](Λ,b).

Lemma 6. For a subset A of a topological space (X, τ), the following properties hold:

(1) [X −A](Λ,b) = X −A(Λ,b).

(2) [X −A](Λ,b) = X −A(Λ,b).

Theorem 3. For a topological space (X, τ), the following properties are equivalent:

(1) (X, τ) is (Λ, b)-extremally disconnected.

(2) U (Λ,b) ∩ V (Λ,b) = [U ∩ V ](Λ,b) for all (Λ, b)-open sets U and V of X.

(3) E(Λ,b) ∪ F(Λ,b) = [E ∪ F ](Λ,b) for all (Λ, b)-closed sets E and F of X.

Proof. (1) ⇒ (2): Let U and V be (Λ, b)-open sets of X. Thus, by Lemma 5,

U (Λ,b) ∩ V (Λ,b) ⊆ [U ∩ V (Λ,b)](Λ,b) ⊆ [[U ∩ V ](Λ,b)](Λ,b) = [U ∩ V ](Λ,b)

and hence U (Λ,b) ∩ V (Λ,b) = [U ∩ V ](Λ,b).
(2) ⇒ (3): Let E and F be (Λ, b)-closed sets of X. Then, X − E and X − F are

(Λ, b)-open. By (2) and Lemma 6, we have E(Λ,b) ∪ F(Λ,b) = X − [X − [E(Λ,b) ∪ F(Λ,b)]] =
X − [[X − E(Λ,b)] ∩ [X − F(Λ,b)]] = X − [X − [E ∪ F ](Λ,b)] = [E ∪ F ](Λ,b).

(3) ⇒ (2): The proof is obvious.
(2) ⇒ (1): Let U be any (Λ, b)-open set of X. Then, X − U is (Λ, b)-closed and

[X − U ](Λ,b) is (Λ, b)-open. By (2), U (Λ,b) ∩ [[X − U ](Λ,b)]
(Λ,b) = [U ∩ [X − U ](Λ,b)]

(Λ,b)

which implies that [X − [U (Λ,b)](Λ,b)] ∩ U (Λ,b) = ∅(Λ,b) = ∅. Thus, U (Λ,b) ⊆ [U (Λ,b)](Λ,b)
and hence U (Λ,b) = [U (Λ,b)](Λ,b). Therefore, U

(Λ,b) is (Λ, b)-open. This shows that (X, τ) is
(Λ, b)-extremally disconnected.

Theorem 4. For a topological space (X, τ), the following properties are equivalent:

(1) (X, τ) is (Λ, b)-extremally disconnected.

(2) U (Λ,b) ∩ V (Λ,b) = [U ∩ V ](Λ,b) for all (Λ, b)-open sets U and V of X.
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(3) U (Λ,b) ∩ V (Λ,b) = ∅ for all (Λ, b)-open sets U and V of X with U ∩ V = ∅.

Proof. This follows from Theorem 2 and Theorem 3.

Theorem 5. For a topological space (X, τ), the following properties are equivalent:

(1) (X, τ) is (Λ, b)-extremally disconnected.

(2) The (Λ, b)-closure of every β(Λ, b)-open set of X is (Λ, b)-open.

(3) The (Λ, b)-closure of every p(Λ, b)-open set of X is (Λ, b)-open.

Proof. This follows immediately since A(Λ,b) = [[A(Λ,b)](Λ,b)]
(Λ,b).

Theorem 6. For a topological space (X, τ), the following properties are equivalent:

(1) (X, τ) is (Λ, b)-extremally disconnected.

(2) If U ∈ βΛbO(X, τ), V ∈ sΛbO(X, τ) and U ∩ V = ∅, then U (Λ,b) ∩ V (Λ,b) = ∅.

(3) If U ∈ bΛbO(X, τ), V ∈ sΛbO(X, τ) and U ∩ V = ∅, then U (Λ,b) ∩ V (Λ,b) = ∅.

(4) If U ∈ pΛbO(X, τ), V ∈ sΛbO(X, τ) and U ∩ V = ∅, then U (Λ,b) ∩ V (Λ,b) = ∅.

(5) If U ∈ rΛbO(X, τ), V ∈ sΛbO(X, τ) and U ∩ V = ∅, then U (Λ,b) ∩ V (Λ,α) = ∅.

(6) If U, V ∈ rΛbO(X, τ) and U ∩ V = ∅, then U (Λ,b) ∩ V (Λ,b) = ∅.

Proof. (1) ⇒ (2): Suppose that U ∈ βΛbO(X, τ), V ∈ sΛbO(X, τ) and U ∩ V = ∅.
Thus, U (Λ,b) ∩ V(Λ,b) = ∅, by Theorem 5, U (Λ,b) is (Λ, b)-open and hence U (Λ,b) ∩ V (Λ,b) =

U (Λ,p) ∩ [V(Λ,b)]
(Λ,b) = ∅.

(2) ⇒ (3) ⇒ (4) ⇒ (5) ⇒ (6): Obvious.
(6) ⇒ (1): Let U and V be (Λ, b)-open sets of X. Then, U (Λ,b), V (Λ,b) ∈ rΛbO(X, τ)

and U (Λ,b) ∩ V (Λ,b) = ∅. By (6), [U (Λ,b)](Λ,b) ∩ [V (Λ,b)](Λ,b) = U (Λ,b) ∩ V (Λ,b) = ∅. Thus,
(X, τ) is (Λ, b)-extremally disconnected.

4. Characterizations of weakly (Λ, b)-continuous functions

In this section, we introduce the notion of weakly (Λ, b)-continuous functions. More-
over, several characterizations of weakly (Λ, b)-continuous functions are discussed.

Definition 5. A function f : (X, τ) → (Y, σ) is called weakly (Λ, b)-continuous at a point
x ∈ X if, for each (Λ, b)-open set V of Y containing f(x), there exists a (Λ, b)-open set
U of X containing x such that f(U) ⊆ V (Λ,b). A function f : (X, τ) → (Y, σ) is called
(Λ, b)-continuous if f has this property at each point x ∈ X.
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Example 4. Let X = {a, b, c} with the topology τ = {∅, {a}, {b, c}, X}. Let Y = {−1, 0, 1}
with the topology σ = {∅, {−1}, {0, 1}, Y }. Let f : (X, τ) → (Y, σ) be a function defined as
follows: f(a) = −1, f(b) = 0 and f(c) = 1. Then, f is weakly (Λ, b)-continuous.

Theorem 7. A function f : (X, τ) → (Y, σ) is weakly (Λ, b)-continuous at x ∈ X if and
only if for each (Λ, b)-open set V of Y containing f(x), x ∈ [f−1(V (Λ,b))](Λ,b).

Proof. Let V be any (Λ, b)-open set of Y containing f(x). Then, there exists a (Λ, b)-
open set U of X containing x such that f(U) ⊆ V (Λ,b). Thus, x ∈ U ⊆ f−1(V (Λ,b)) and
hence x ∈ [f−1(V (Λ,b))](Λ,b).

Conversely, let V be any (Λ, b)-open set of Y containing f(x). Then, x ∈ [f−1(V (Λ,b))](Λ,b)
and there exists a (Λ, b)-open set U of X such that x ∈ U ⊆ f−1(V (Λ,b)); hence f(U) ⊆
V (Λ,b). Thus, f is weakly (Λ, b)-continuous at x ∈ X.

Theorem 8. A function f : (X, τ) → (Y, σ) is weakly (Λ, b)-continuous if and only if
f−1(V ) ⊆ [f−1(V (Λ,b))](Λ,b) for every (Λ, b)-open set V of Y .

Proof. Let V be any (Λ, b)-open set of Y and x ∈ f−1(V ). Then, f(x) ∈ V . Since
f is weakly (Λ, b)-continuous at x and by Theorem 7, x ∈ [f−1(V (Λ,b))](Λ,b). Therefore,

f−1(V ) ⊆ [f−1(V (Λ,b))](Λ,b).
Conversely, let x ∈ X and V be any (Λ, b)-open set of Y containing f(x). Then,

x ∈ f−1(V ) ⊆ [f−1(V (Λ,b))](Λ,b) and hence x ∈ [f−1(V (Λ,b))](Λ,b). By Theorem 7, f is
weakly (Λ, b)-continuous.

Theorem 9. A function f : (X, τ) → (Y, σ) is weakly (Λ, b)-continuous if and only if
[f−1(V )](Λ,b) ⊆ f−1(V (Λ,b)) for every (Λ, b)-open set V of Y .

Proof. This is obvious from Theorem 8.
Conversely, let V be any (Λ, b)-open set of Y containing f(x). Since V ∩(Y−V (Λ,b)) = ∅,

f(x) ̸∈ [Y − V (Λ,b)](Λ,b). Since Y − V (Λ,b) is (Λ, b)-open and x ∈ f−1([Y − V (Λ,b)](Λ,b)). By
the hypothesis, x ̸∈ [f−1([Y − V (Λ,b)](Λ,b))](Λ,b) = [X − f−1(V (Λ,b))](Λ,b) and there exists a
(Λ, b)-open set U of X containing x such that U ∩ (X− f−1(V (Λ,b))) = ∅. This shows that
f(U) ⊆ V (Λ,b). Thus, f is is weakly (Λ, b)-continuous.

Theorem 10. For a function f : (X, τ) → (Y, σ), the following properties are equivalent:

(1) f is weakly (Λ, b)-continuous;

(2) f−1(U) ⊆ [f−1(U (Λ,b))](Λ,b) for every (Λ, b)-open set U of Y ;

(3) [f−1(F(Λ,b))]
(Λ,b) ⊆ f−1(F ) for every (Λ, b)-closed set F of Y ;

(4) [f−1([A(Λ,b)](Λ,b))]
(Λ,b) ⊆ f−1(A(Λ,b)) for every subset A of Y ;

(5) f−1(A(Λ,b)) ⊆ [f−1([A(Λ,b)]
(Λ,b))](Λ,b) for every subset A of Y ;
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(6) [f−1(U)](Λ,b) ⊆ f−1(U (Λ,b)) for every (Λ, b)-open set U of Y .

Proof. (1) ⇒ (2): Let U be any (Λ, b)-open set of Y and x ∈ f−1(U). Then, there exists
a (Λ, b)-open set V of X containing x such that f(V ) ⊆ U (Λ,b). Since x ∈ V ⊆ f−1(U (Λ,b)),
x ∈ [f−1(U (Λ,b))](Λ,b). Thus, f

−1(U) ⊆ [f−1(U (Λ,b))](Λ,b).
(2) ⇒ (3): Let F be any (Λ, b)-closed set of Y . Then, Y −F is (Λ, b)-open and by (2),

f−1(X − F ) ⊆ [f−1([X − F ](Λ,b))](Λ,b) = [f−1(Y − F(Λ,b))](Λ,b) = X − [f−1(F(Λ,b))]
(Λ,b).

Therefore, [f−1(F(Λ,b))]
(Λ,b) ⊆ f−1(F ).

(3) ⇒ (4): Let A be any subset of Y . Since A(Λ,b) is (Λ, b)-closed in Y and by (3),
[f−1([A(Λ,b)](Λ,b))]

(Λ,b) ⊆ f−1(A(Λ,b)).

(4) ⇒ (5): Let A be any subset of Y . By (4), f−1(A(Λ,b)) = X − f−1([Y − A](Λ,b)) ⊆
X − [f−1([[Y −A](Λ,b)](Λ,b))]

(Λ,b) = [f−1([A(Λ,b)]
(Λ,b))](Λ,b).

(5) ⇒ (6): Let U be any (Λ, b)-open set of Y . Suppose that x ̸∈ f−1(U (Λ,b)). Then,
f(x) ̸∈ U (Λ,b) and so there exists a (Λ, b)-open set V of Y containing f(x) such that
U ∩ V = ∅ and hence U ∩ V (Λ,b) = ∅. By (5), we have x ∈ f−1(V ) ⊆ [f−1(V (Λ,b))](Λ,b).

There exists a (Λ, b)-open set W containing x such that x ∈ W ⊆ f−1(V (Λ,b)). Since
U ∩ V (Λ,b) = ∅ and f(W ) ⊆ V (Λ,b), we have W ∩ f−1(U) = ∅. Thus, x ̸∈ [f−1(U)](Λ,b) and
hence [f−1(U)](Λ,b) ⊆ f−1(U (Λ,b)).

(6) ⇒ (1): Let x ∈ X and U be any (Λ, b)-open set of Y containing f(x). Then,
we have U = U(Λ,b) ⊆ [U (Λ,b)](Λ,b). Thus, by (6), x ∈ f−1(U) ⊆ f−1([U (Λ,b)](Λ,b)) =

X − f−1([Y − U (Λ,b)](Λ,b)) ⊆ X − [f−1(Y − U (Λ,b))](Λ,b) = [f−1(U (Λ,b))](Λ,b). Then, there

exists a (Λ, b)-open set V of X containing x such that V ⊆ f−1(U (Λ,b)). This shows that
f is weakly (Λ, b)-continuous.

Theorem 11. For a function f : (X, τ) → (Y, σ), the following properties are equivalent:

(1) f is weakly (Λ, b)-continuous;

(2) [f−1(F(Λ,b))]
(Λ,b) ⊆ f−1(F ) for every r(Λ, b)-closed set F of Y ;

(3) [f−1([U (Λ,b)](Λ,b))]
(Λ,b) ⊆ f−1(U (Λ,b)) for every β(Λ, b)-open set U of Y ;

(4) [f−1([U (Λ,b)](Λ,b))]
(Λ,b) ⊆ f−1(U (Λ,b)) for every s(Λ, b)-open set U of Y .

Proof. (1) ⇒ (2): Let F be any r(Λ, b)-closed set of Y . Then, F(Λ,b) is (Λ, b)-open and

by Theorem 10, [f−1(F(Λ,b))]
(Λ,b) ⊆ f−1([F(Λ,b)]

(Λ,b)). Since F is r(Λ, b)-closed, we have

[f−1(F(Λ,b))]
(Λ,b) ⊆ f−1([F(Λ,b)]

(Λ,b)) ⊆ f−1(F ).

(2) ⇒ (3): Let U be any β(Λ, b)-open set of Y . Then, U (Λ,b) ⊆ [[U (Λ,b)](Λ,b)]
(Λ,b) ⊆

U (Λ,b) and hence U (Λ,b) is r(Λ, b)-closed. By (2), [f−1([U (Λ,b)](Λ,b))]
(Λ,b) ⊆ f−1(U (Λ,b)).

(3) ⇒ (4): The proof is obvious.
(4) ⇒ (1): Let U be any (Λ, b)-open set of Y . Thus, by (4),

[f−1(U)](Λ,b) ⊆ [f−1([U (Λ,b)](Λ,b))]
(Λ,b) ⊆ f−1(U (Λ,b))

and by Theorem 10, f is weakly (Λ, b)-continuous.
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Theorem 12. For a function f : (X, τ) → (Y, σ), the following properties are equivalent:

(1) f is weakly (Λ, b)-continuous;

(2) [f−1([U(Λ,b)]
(Λ,b))](Λ,b) ⊆ f−1(U (Λ,b)) for every p(Λ, b)-open set U of Y ;

(3) [f−1(U)](Λ,b) ⊆ f−1(U (Λ,b)) for every p(Λ, b)-open set U of Y ;

(4) f−1(U) ⊆ [f−1(U (Λ,b))](Λ,b) for every p(Λ, b)-open set U of Y .

Proof. (1) ⇒ (2): Let U be any p(Λ, b)-open set of Y . Then, U (Λ,b) = [[U (Λ,b)](Λ,b)]
(Λ,b)

and hence U (Λ,b) is r(Λ, b)-closed. By Theorem 11, [f−1([U (Λ,b)](Λ,b))]
(Λ,b) ⊆ f−1(U (Λ,b)).

(2) ⇒ (3): Let U be any p(Λ, b)-open set of Y . Then, U ⊆ [U (Λ,b)](Λ,b) and by (2), we

have [f−1(U)](Λ,b) ⊆ [f−1([U (Λ,b)](Λ,b))]
(Λ,b) ⊆ f−1(U (Λ,b)).

(3) ⇒ (4): Let U be any p(Λ, b)-open set of Y . By (3), f−1(U) ⊆ f−1([U (Λ,b)](Λ,b)) =

X − f−1([Y − U (Λ,b)](Λ,b)) = X − [f−1(Y − U (Λ,b))](Λ,b) = [f−1(U (Λ,b))](Λ,b).
(4) ⇒ (1): Since every (Λ, b)-open set is p(Λ, b)-open, by (4) and Theorem 10, f is

weakly (Λ, b)-continuous.

Theorem 13. For a function f : (X, τ) → (Y, σ), the following properties are equivalent:

(1) f is weakly (Λ, b)-continuous;

(2) [f−1([A(Λ,b)](Λ,b))]
(Λ,b) ⊆ f−1(A(Λ,b)) for every subset A of Y ;

(3) [f−1(F(Λ,b))]
(Λ,b) ⊆ f−1(F ) for every r(Λ, b)-closed set F of Y ;

(4) [f−1(U)](Λ,b) ⊆ f−1(U (Λ,b)) for every (Λ, b)-open set U of Y ;

(5) f−1(U) ⊆ [f−1(U (Λ,b))](Λ,b) for every (Λ, b)-open set U of Y ;

(6) [f−1(U)](Λ,b) ⊆ f−1(U (Λ,b)) for every p(Λ, b)-open set U of Y ;

(7) f−1(U) ⊆ [f−1(U (Λ,b))](Λ,b) for every p(Λ, b)-open set U of Y .

Proof. (1) ⇒ (2): Let A be any subset of Y and x ∈ X − f−1(A(Λ,b)). Then,
f(x) ∈ Y − A(Λ,b) and there exists a (Λ, b)-open set U of Y containing f(x) such that
U ∩A = ∅. Thus, U (Λ,b)∩ [A(Λ,b)](Λ,b) = ∅. Since f is weakly (Λ, b)-continuous, there exists

a (Λ, b)-open setW containing x such that f(W ) ⊆ U (Λ,b). Then, W∩f−1([A(Λ,b)](Λ,b)) = ∅
and hence x ∈ X−[f−1([A(Λ,b)](Λ,b))]

(Λ,b). Therefore, [f−1([A(Λ,b)](Λ,b))]
(Λ,b) ⊆ f−1(A(Λ,b)).

(2) ⇒ (3): Let F be any r(Λ, b)-closed set of Y . By (2), we have

[f−1(F(Λ,b))]
(Λ,b) = [f−1([[F(Λ,b)]

(Λ,b)](Λ,b))]
(Λ,b) ⊆ f−1([F(Λ,b)]

(Λ,b)) = f−1(F ).

(3) ⇒ (4): Let U be any (Λ, b)-open set of Y . Since U (Λ,b) is r(Λ, b)-closed, we have
[f−1(U)](Λ,b) ⊆ [f−1([U (Λ,b)](Λ,b))]

(Λ,b) ⊆ f−1(U (Λ,b)).



C. Boonpok, N. Srisarakham / Eur. J. Pure Appl. Math, 16 (1) (2023), 29-43 41

(4) ⇒ (5): Let U be any (Λ, b)-open set of Y . Since Y − U (Λ,b) is (Λ, b)-open and by
(4), X − [f−1(U (Λ,b))](Λ,b) = [f−1(Y −U (Λ,b))](Λ,b) ⊆ f−1([Y −U (Λ,b)](Λ,b)) ⊆ X − f−1(U).

Thus, f−1(U) ⊆ [f−1(U (Λ,b))](Λ,b).
(5) ⇒ (1): Let x ∈ X and U be any (Λ, b)-open set of Y containing f(x). Then,

x ∈ f−1(U) ⊆ [f−1(U (Λ,b))](Λ,b). Put W = [f−1(U (Λ,b))](Λ,b). Then, W is a (Λ, b)-open

set of X containing x such that f(W ) ⊆ U (Λ,b). Thus, f is weakly (Λ, b)-continuous at x.
This shows that f is weakly (Λ, b)-continuous.

(1) ⇒ (6): Let U be any p(Λ, b)-open set of Y and x ∈ X−f−1(U (Λ,b)). There exists a
(Λ, b)-open set V of Y containing f(x) such that V ∩U = ∅. Thus, [V ∩U ](Λ,b) = ∅. Since
U is (Λ, b)-open, U ∩ V (Λ,b) ⊆ [U ∩ V ](Λ,b) = ∅. Since f is weakly (Λ, b)-continuous and V
is a (Λ, b)-open set of Y containing f(x), there exists a (Λ, b)-open set W of X containing
x such that f(W ) ⊆ V (Λ,b). Therefore, f(W ) ∩ U = ∅. Thus, W ∩ f−1(U) = ∅ and hence
x ∈ X − [f−1(U)](Λ,b). This shows that [f−1(U)](Λ,b) ⊆ f−1(U (Λ,b)).

(6) ⇒ (7): Let U be any p(Λ, b)-open set of Y . Since Y −U (Λ,b) is (Λ, b)-open, we have
X − [f−1(U (Λ,b))](Λ,b) = [f−1(Y −U (Λ,b))](Λ,b) ⊆ f−1([Y −U (Λ,b)](Λ,b)) ⊆ X − f−1(U) and

hence f−1(U) ⊆ [f−1(U (Λ,b))](Λ,b).
(7) ⇒ (1): Let x ∈ X and V be any (Λ, b)-open set of Y containing f(x). Then, we

have x ∈ f−1(V ) ⊆ [f−1(V (Λ,b))](Λ,b). Put U = [f−1(V (Λ,b))](Λ,b). Then, U is a (Λ, b)-open

set of X containing x such that f(U) ⊆ V (Λ,b). Thus, f is weakly (Λ, b)-continuous at x
and hence f is weakly (Λ, b)-continuous.

Definition 6. A topological space (X, τ) is called (Λ, b)-connected if X cannot be written
as a disjoint union of two nonempty (Λ, b)-open sets.

Example 5. Let X = {a, b} with the topology τ = {∅, {a}, X}. Then, (X, τ) is (Λ, b)-
connected.

Lemma 7. For a topological space (X, τ), the following properties are equivalent:

(1) (X, τ) is (Λ, b)-connected.

(2) The only subsets of X, which are both (Λ, b)-open and (Λ, b)-closed are ∅ and X.

Theorem 14. Let f : (X, τ) → (Y, σ) is a weakly (Λ, b)-continuous surjection. If (X, τ)
is (Λ, b)-connected, then (Y, σ) is (Λ, b)-connected.

Proof. Assume that (Y, σ) is not (Λ, b)-connected. Then, there exist nonempty (Λ, b)-
open sets V1, V2 such that V1 ∩ V2 = ∅ and V1 ∪ V2 = Y . By Theorem 10, f−1(Vi) ⊆
[f−1[V (Λ,b)]](Λ,b) for i = 1, 2. Since Vi is (Λ, b)-closed in Y for each i = 1, 2. Therefore,
f−1(Vi) ⊆ [f−1(Vi)](Λ,b) and by Lemma 2, f−1(Vi) is (Λ, b)-open for each i = 1, 2. More-
over, X is union of nonempty disjoint sets f−1(V1) and f−1(V2). This shows that (X, τ)
is not (Λ, b)-connected. This is contrary to the hypothesis that (X, τ) is (Λ, b)-connected.
Thus, (Y, σ) is (Λ, b)-connected.
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Definition 7. A subset K of a topological spaces (X, τ) is said to be Λb-closed (resp. Λb-
compact) relative to (X, τ) if for any cover {Vi : i ∈ I} of K by (Λ, b)-open sets of X, there

exist a finite subset I0 of I such that K ⊆ ∪{V (Λ,b)
i | i ∈ I0} (resp. K ⊆ ∪{Vi | i ∈ I0}).

If X is Λb-closed (resp. Λb-compact) relative to (X, τ), then (X, τ) is said to be Λb-
closed (resp. Λb-compact).

Theorem 15. If f : (X, τ) → (Y, σ) is weakly (Λ, b)-continuous and K is Λb-compact,
then f(K) is Λb-closed relative to (Y, σ).

Proof. Let {Vα : α ∈ ∇} be any cover of f(K) by (Λ, b)-open sets of Y . For each
x ∈ K, there exists i(x) ∈ I such that f(x) ∈ Vi(x). Since f is weakly (Λ, b)-continuous,
there exists a (Λ, b)-open set U(x) containing x such that f(U(x)) ⊆ [Vi(x)]

(Λ,b). The
family {U(x) : x ∈ K} is a cover of K by (Λ, b)-open sets of X. Since K is Λb-compact,
there exist a finite number of points, say, x1, x2, ..., xn in K such that

K ⊆ ∪{U(xk) : xk ∈ K, 1 ≤ k ≤ n}.

Thus, f(K) ⊆ ∪{f(U(xk)) : xk ∈ K, 1 ≤ k ≤ n} ⊆ ∪{[Vi(xk)]
(Λ,b) : xk ∈ K, 1 ≤ k ≤ n}.

This shows that f(K) is Λb-closed relative to (Y, σ).

Corollary 3. If f : (X, τ) → (Y, σ) is a weakly (Λ, b)-continuous surjection and (X, τ) is
Λb-compact, then (Y, σ) is Λb-closed.

Definition 8. [5] Let A be a subset of a topological space (X, τ). The (Λ, b)-frontier of A,
ΛbFr(A), is defined as follows: ΛbFr(A) = A(Λ,b) ∩ [X −A](Λ,b).

Theorem 16. The set of all points x ∈ X at which a function f : (X, τ) → (Y, σ) is not
weakly (Λ, b)-continuous is identical with the union of the (Λ, b)-frontiers of the inverse
images of the (Λ, b)-closure of the (Λ, b)-open sets of Y containing f(x).

Proof. Suppose that f is not weakly (Λ, b)-continuous at x ∈ X. There exists a
(Λ, b)-open set V of Y containing f(x) such that f(U) is not contained in V (Λ,b) for every
(Λ, b)-open set U containing x. Then, U ∩ (X − f−1(V (Λ,b))) ̸= ∅ for every (Λ, b)-open set
U of X containing x and hence x ∈ [X − f−1(V (Λ,b))](Λ,b). On the other hand, we have
x ∈ f−1(V ) ⊆ [f−1(V (Λ,b))](Λ,b). Thus, x ∈ ΛbFr(f−1(V (Λ,b))).

Conversely, suppose that f is weakly (Λ, b)-continuous at x ∈ X and let V be any
(Λ, b)-open set of Y containing f(x). Thus, by Theorem 7, we have x ∈ [f−1(V (Λ,b))](Λ,b).

This shows that x ̸∈ ΛbFr(f−1(V (Λ,b))) for each (Λ, b)-open set V of Y containing f(x).
This completes the proof.
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[3] A. V. Arhangel’skĭı and P. J. Collins. On submaximal spaces. Topology and its
Applications, 64:219–241, 1995.

[4] C. W. Baker. Properties of subweakly continuous functions. Yokohama Mathematical
Journal, 32:39–43, 1984.

[5] C. Boonpok. Generalized (Λ, b)-closed sets in topological spaces. Korean Journal of
Mathematics, 25:437–453, 2017.

[6] C. Boonpok and C. Viriyapong. On (Λ, p)-closed sets and the related notions in
topological spaces. European Journal of Pure and Applied Mathematics, 15(2):415–
436, 2022.

[7] M. Caldas, S. Jafari, and T. Noiri. On Λb-sets and the associated topology τΛb . Acta
Mathematica Hungarica, 110:337–345, 2006.

[8] H. H. Corson and E. Michael. Metrizability of certain countable unions. Illinois
Journal of Mathematics, 8:351–360, 1964.

[9] E. Hewitt. A problem of set-theoretic topology. Duke Mathematical Journal, 10:309–
333, 1943.

[10] N. Levine. A decomposition of continuity in topological spaces. The American Math-
ematical Monthly, 68:44–46, 1961.

[11] N. Levine. Semi-open sets and semi-continuity in topological spaces. The American
Mathematical Monthly, 70:36–41, 1963.

[12] A. S. Mashhour, M. E. Abd El-Monsef, and S. N. El-Deeb. On precontinuous and
weak precontinuous mappings. Proceedings of the Mathematical and Physical Society
of Egypt, 53:47–53, 1982.

[13] D. A. Rose. Weak continuity and almost continuity. International Journal of Math-
ematics and Mathematical Sciences, 7:311–318, 1984.

[14] D. Sivaraj. A note on extremally disconnected spaces. Indian Journal of Pure and
Applied Mathematics, 17(12):1373–1375, 1986.

[15] C. Viriyapong and C. Boonpok. Some open sets and related topics in topological
spaces. WSEAS Transactions on Mathematics, 21:329–337, 2022.

[16] S. Willard. General Topology. Addison-Wesley Publishing Company, Massachusetts,
1970.


