International Journal of Mathematics and ( M)
Computer Science, 19(2024), no. 2, 497-501 G5

Some properties of weakly b(A, p)-open
functions

Nipaporn Chutiman, Chawalit Boonpok

Mathematics and Applied Mathematics Research Unit
Department of Mathematics, Faculty of Science

Mahasarakham University
Maha Sarakham, 44150, Thailand

email: nipaporn.c@msu.ac.th, chawalit.b@msu.ac.th

(Received July 23, 2023, Accepted November 3, 2023,
Published November 10, 2023)

Abstract

In this article, we introduce the concept of weakly b(A,p)-open
functions. Moreover, we investigate some properties of weakly b(A, p)-
open functions.

1 Introduction

In 1983, Rose [6] introduced and studied the notions of weakly open functions
and almost open functions. In 1987, Rose and Jankovi¢ [5] investigated
some of the fundamental properties of weakly closed functions. In 1996,
Andrijevi¢ [1] introduced a new class of generalized open sets called b-open
sets in a topological space. In 2009, Noiri [3] introduced and investigated
the class of weakly b-open functions as a new generalization of weakly open
functions. Moreover, Noiri et al. [4] introduced and studied two new classes of
functions called weakly b-6-open functions and weakly b-0-open functions by
utilizing the notions of b-0-open sets and the b-0-closure operator. Weak b-6-
openness (resp. b-6-closedness) is a generalization of both §-preopenness and
weak semi-f-openness (resp. 6-preclosedness and weak semi-6-closedness).
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Recently, Boonpok and Viriyapong [2] introduced and studied the concepts of
(A, p)-closed sets and (A, p)-open sets in topological spaces. In this article, we
introduce the notion of weakly b(A, p)-open functions. Furthermore, several
properties of weakly b(A, p)-open functions are discussed.

2 Preliminaries

A subset A of a topological space (X, 7) is called (A, p)-closed [2]if A =TNC,
where T" is a A,-set and C is a preclosed set. The complement of a (A, p)-
closed set is called (A, p)-open. The family of all (A, p)-open (resp. (A, p)-
closed) sets in a topological space (X, 7) is denoted by A,O(X,7) (resp.
A,C(X,7)). Let A be a subset of a topological space (X, 7). A point x € X
is called a (A, p)-cluster point [2] of A if ANU # ) for every (A, p)-open
set U of X containing x. The set of all (A, p)-cluster points of A is called
the (A, p)-closure [2] of A and is denoted by AP, The union of all (A, p)-
open sets of X contained in A is called the (A, p)-interior [2] of A and is
denoted by A p). The (A, p)-closure [2] of A, AAp) g defined as follows:
AVAP) = Tp e X | An UM £ () for each (A, p)-open set U containing z}.
A subset A of a topological space (X, 7) is called §(A, p)-closed 2] if A =
A9AP) - The complement of a 6(A, p)-closed set is said to be 8(A, p)-open. A
point € X is called a 6(A, p)-interior point [7) of Aif z € U CUWMP) C A
for some U € A,O(X, 7). The set of all (A, p)-interior points of A is called
the O(A, p)-interior [7] of A and is denoted by Agnp). A subset A of a
topological space (X,7) is said to be b(A,p)-open (resp. p(A,p)-open [2]
a(A,p)—open, [8]) if AC [A(A’p)](mp) U [A(Am)](A,p) (resp. A C [A(A’p)](mp),
A C[[Aap]™Pap). The union of all b(A, p)-open sets of X contained in A
is called the b(A, p)-interior of A and is denoted by Ay ). The complement
of a b(A, p)-open (resp. p(A, p)-open, a(A, p)-open) set is called b(A, p)-closed
(resp. p(A,p)-closed, a(A,p)-closed). The intersection of all b(A, p)-closed

sets of X containing A is called the b(A, p)-closure of A and is denoted by
AbAD).

3 Properties of weakly b(A, p)-open functions

We begin this section by introducing the notion of weakly b(A, p)-open func-
tions.

Definition 3.1. A function f: (X,7) — (Y, 0) is said to be weakly b(A, p)-
open if f(U) C [f(U(A’p))]b(A,p) for each (A, p)-open set U of X.
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Theorem 3.2. For a function f: (X,7) — (Y, 0), the following properties
are equivalent:

(1) f is weakly b(A, p)-open;

(2) f(Aoap) € [f(A)loap for every subset A of X

(3) [F7X(B)loap) € FH(Byap) for every subset B of Y;
(4) [~H(BYAP) C [f~Y(B)PAP) for every subset B of Y .

Proof. (1) = (2): Let A be any subset of X and z € Agn,). Then,
there exists a (A,p)-open set U of X such that x € U C UAP) C A
Then, f(z) € (U) ( Ap)y C f( ). Since f is weakly b(A, p)-open,
F(U) C [F(U" )]b( C [f(A)]sap) This implies that f(z) € [f(A)]ua)-
Therefore, x € f~ ([f(A)] b(Ap))- Thus, Aoinp) C FHf(A)]p(a,p)) and hence
F(Aoap) S (Ao

(2) (3): Let B be any subset of Y. Then by (2), f([f~*(B)lo,p)) C
S B lbiag) € Boagy- Thus, [FH(B)loap) € f7 (Boa )

(3) = (4): Let B be any subset of Y. Using (3), we have

X = [fHBN = [F7HY — B)loan
C fHY = Blyay) = X — fH(B")

and hence f~1(B*Wr)) C [f~Y(B)]PAP),
(4) = (1): Let U be any (A, p)-open set of X. By (4),

FUY = fOEP)PAD) C [fHY — fUD)) Py,
Thus, f=1(Y ~[fUa ) € K~ fL(FUOD)IAD C [x D000
and hence U C [UM) g € FHf(UDP)yap). Therefore, f(U) C
[f(U(A’p))]b(Am). This shows that f is weakly b(A, p)-open. O

Theorem 3.3. For a function f: (X,7) = (Y,0), the following properties
are equivalent:

(1) f is weakly b(A, p)-open;

(2) for each x € X and each (A, p)-open set U of X containing x, there ex-
ists a b(\, p)-open set V of Y containing f(z) such that V C f(UMP).
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Proof. (1) = (2): Let U be any (A, p)-open set of X with € U. Since f is
weakly b(A, p)-open, f(z) € £(U)  [FUCP)yn - Let V = [FUTOD)yr,.
Then, V is b(A, p)-open and f(z) € V C f(UNP).

(2) = (1): Let U be any (A, p)-open set of X and y € f(U). It follows
from (2) that V' C f(UXP) for some b(A,p)-open set V of Y containing
y. Thus, y € V C [f(UAP)]ya,) and hence f(U) C [f(UNP)]yny). This
shows that f is weakly b(A, p)-open. O

Theorem 3.4. For a function f : (X, 1) — (Y, 0), the following properties
are equivalent:

(1) f is weakly b(A, p)-open;
(2) [f(Kap))'™) C f(K) for each (A,p)-closed set K of X;
(3) [fU)PAP C f(UANP) for each (A, p)-open set U of X.
Proof. (1) = (2): Let K be any (A,p)-closed set of X. Then, we have
f(X = K)=Y = f(K) C [f([X = K]")]ys ) and so
Y = f(K) CY = [f(Kpp)]"™7.

Thus, [f(Kx )" C f(K).
(2) = (3): Let U be any (A, p)-open set of X. Since UMP) is a (A, p)-
closed set and U C [UAP)], ,, by (2) we have

[FO)]PAP) C [F([UAP]p )P C FUOP).
(3) = (1): Let U be any (A, p)-open set of X. Using (3), we have
Y — [f(U(A,p))]b(Am Y _ f( )]b )
f(X — U, ))]b(A:n)
[X — U(Ap)](/\p))
X = [UM]ay) € F(X =U) =Y - f(U)

and hence f(U) C [f(UP))ya,). This shows that f is weakly b(A,p)-
open. [

The proof of the following theorem is straightforward and thus is omitted.

Theorem 3.5. For a function f: (X,7) — (Y,0), the following properties
are equivalent:
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(1) f is weakly b(A, p)-open;
(2) f(U) < [f(U

(3) f(U) C[fFUNP)]ynp) for each a(A,p)-open set U of X;

(4) (U ag) € [FOUN)]yag) for each (A, p)-open set U of X;

(5) f(Kp)) C [f(EK)]pap for each (A, p)-closed set K of X.

U A’p))]b(Am) for each p(A, p)-open set U of X;
U
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