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Magnifiers in some semigroups of partial
transformations

Sushree Khirabdhi and Shubh N. Singh

Abstract. Let P (X) be the semigroup of all partial transformations on a set X. For
a nonempty subset Y of X and a submonoid S(Y ) of P (Y ), denote by PS(Y )(X) the
semigroup of all partial transformations f ∈ P (X) such that the restriction f |Y of f to
Y belongs to S(Y ). We describe left and right magnifiers in PS(Y )(X). We apply these
general results to describe magnifiers in PI(Y )(X), where I(Y ) is the symmetric inverse
semigroup on Y . We identify corresponding known results on PP (Y )(X) and PΩ(Y )(X),
where Ω(Y ) is the submonoid of P (Y ) consisting of all partial surjective transformations
on Y .

1. Introduction

In 1963, Ljapin introduced the notions of left and right magnifiers in a
semigroup [8]. For a given semigroup S, an element s ∈ S is a left (right)
magnifier in S if S contains a proper subsetM such that sM = S (Ms = S).
Various properties of semigroups containing left or right magnifiers have
been widely investigated (see, [1, 3, 4, 10, 11]).

Let X be a set. Denote by P (X) the set of all partial transformations
on X. It is well-known that P (X) is a semigroup under the composition
[5, p. 41, Exercise 12]. Studies on left and right magnifiers in various
subsemigroups of P (X) have been recently intensified (see, [2, 6, 9, 12, 13]).

For a subset Y of a set X and a subsemigroup S(Y ) of P (Y ), let
PS(Y )(X) denote the semigroup under the composition consisting of all par-
tial transformations f ∈ P (X) such that the restriction f |Y of f to Y
belongs to S(Y ). Using symbols,

PS(Y )(X) :=
{
f ∈ P (X) : f |Y ∈ S(Y )

}
.
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Semigroup PS(Y )(X) was introduced by Konieczny in [7, p.124]. Notice
that if S(Y ) contains the identity transformation on Y , then PS(Y )(X) con-
tains the identity transformation onX. Semigroup PS(Y )(X) generalizes the
semigroup {f ∈ P (X) : Y f ⊆ Y }, since PP (Y )(X) = {f ∈ P (X) : Y f ⊆ Y }.
The semigroup PP (Y )(X) was recently introduced in both [2, p.2] and [13,
p.124]. Moreover, both left and right magnifiers in PP (Y )(X) have been
described (see, [2, Theorems 13, 20] and [13, Theorems 3.3, 4.4]).

The aim of this paper is to describe left and right magnifiers in the
semigroup PS(Y )(X), where Y is a nonempty subset of X and S(Y ) is a
general submonoid of P (Y ). The rest of the paper is organized as follows.
In the next section, we define concepts, introduce notation, and state a nec-
essary theorem. In Section 3, we describe left magnifiers in the semigroup
PS(Y )(X). We then apply this general result to describe left magnifiers in
the semigroup PI(Y )(X), where I(Y ) is the symmetric inverse semigroup
on Y . We also identify the corresponding known results on the semigroups
PP (Y )(X) and PΩ(Y )(X), where Ω(Y ) is the subsemigroup of P (Y ) consist-
ing of all partial surjective transformations on Y . In Section 4, we describe
right magnifiers in PS(Y )(X). We then apply this general result to describe
right magnifiers in PI(Y )(X). We also identify the corresponding known
results PP (Y )(X) and PΩ(Y )(X).

2. Preliminaries and notations

Let X be a nonempty set. For a nonempty subset Y of X, we write Y ′ to
refer the set X \ Y := {x ∈ X : x /∈ Y }. The identity transformation on X
is denoted by idX . A partial transformation on X is a mapping f : A→ X,
where A is a subset of X. We write xf to denote the image of x ∈ X
under f ∈ P (X). We compose elements of P (X) from left to right and
denote their composition by juxtaposition. For an element f ∈ P (X), let
dom f := {x ∈ X : xf = y for some y ∈ X} and im f := {xf : x ∈ X}.

Let f ∈ P (X). For every A ⊆ dom f (resp. B ⊆ im f), let Af (resp.
Bf−1) denote the set {af : a ∈ A} (resp. {x ∈ X : xf ∈ B}). Moreover,
we write bf−1 to denote the set {b}f−1 if B = {b}. A subset Y of X is
invariant under f if Y f ⊆ Y . If Y is invariant under f , then the restriction
of f to Y is the self-map f |Y : Y → Y defined by x(f |Y ) = xf .

Let X be a nonempty set. Denote by I(X) the symmetric inverse semi-
group on X. The semigroup I(X) is fundamental in inverse semigroup
theory, since every inverse semigroup can be embedded in some I(X) [5,
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Theorem 5.1.7]. Let Ω(X) denote the semigroup under the composition
consisting of all partial surjective transformations on X.

An element a of a semigroup S with identity e is a left inverse (resp.
right inverse) of an element b ∈ S if ab = e (resp. ba = e). For any
undefined notions and results on a semigroup, we refer the reader to [5]. In
the rest of the paper, let Y be an infinite subset of a set X, and let S(Y )
be a general submonoid of P (Y ). We end this section with the following
theorem, which describes left and right magnifiers in any semigroup with
identity.

Theorem 2.1. [10, Theorem 2.1] Let S be a semigroup with identity e, and
a ∈ S. Then:

(i) the element a is a left magnifier in S if and only if there exists b ∈ S
such that ab = e but ba 6= e;

(ii) the element a is a right magnifier in S if and only if there exists b ∈ S
such that ba = e but ab 6= e.

3. Left magnifiers in PS(Y )(X)

In this section, we describe left magnifiers in the semigroup PS(Y )(X).
We apply this general result to describe left magnifiers in the semigroups
PI(Y )(X), PΩ(Y )(X), and PP (Y )(X). We begin with a list of lemmas.

Lemma 3.1. If f is a left magnifier in PS(Y )(X), then dom f = X and f
is injective.

Proof. Assume that f is a left magnifier in PS(Y )(X). Then, by Theorem
2.1(i) there exists g ∈ PS(Y )(X) such that fg = idX . This implies that
dom f = X and f is injective.

Lemma 3.2. Let f ∈ PS(Y )(X). If yf−1 ∩ Y ′ 6= ∅ for some y ∈ Y ∩ im f ,
then f is not a left magnifier in PS(Y )(X).

Proof. Assume that there exists y ∈ Y ∩ im f such that yf−1 ∩ Y ′ 6= ∅.
Then xf = y for some x ∈ Y ′. Suppose to the contrary that f is a left
magnifier in PS(Y )(X). Then, by Theorem 2.1(i) there exists g ∈ PS(Y )(X)
such that fg = idX . Since y ∈ Y and xf = y, we obtain x = x(fg) =
(xf)g = yg. This gives x ∈ Y , since Y g ⊆ Y . This is a contradiction to the
fact that x ∈ Y ′.
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Lemma 3.3. Let f ∈ PS(Y )(X). If f |Y has no right inverse in S(Y ), then
f is not a left magnifier in PS(Y )(X).

Proof. Assume that f is a left magnifier in PS(Y )(X). Then, by Theorem
2.1(i) there exists g ∈ PS(Y )(X) such that fg = idX . Therefore f |Y g|Y =
idY . This shows that g|Y ∈ S(Y ) is a right inverse of f |Y .

Lemma 3.4. Let f ∈ PS(Y )(X) such that dom f = X. If f is surjective,
then f is not a left magnifier in PS(Y )(X).

Proof. Assume that f is surjective. Suppose to the contrary that f is a left
magnifier in PS(Y )(X). Then there exists a proper subset M of PS(Y )(X)
such that fM = PS(Y )(X). Also by Lemma 3.3, let γ ∈ S(Y ) a right inverse
of f |Y . Note that f is injective by Lemma 3.1, and so f is bijective. Then
by Lemma 3.2, the mapping f |Y is bijective. Thus (f |Y )−1 = γ. Notice
that (f−1)|Y = (f |Y )−1 by Lemma 3.2, and so (f−1)|Y = γ. This implies
that f−1 ∈ PS(Y )(X), since γ ∈ S(Y ). Thus, since fM = PS(Y )(X), we
obtain M = f−1(fM) = f−1PS(Y )(X) = PS(Y )(X). This is a contradiction
to the fact that M is a proper subset of PS(Y )(X).

In the following theorem, we describe left magnifiers in the semigroup
PS(Y )(X).

Theorem 3.5. Let f ∈ PS(Y )(X). Then f is a left magnifier in PS(Y )(X)
if and only if:

(i) dom f = X;

(ii) f is injective but not surjective;

(iii) yf−1 ⊆ Y for all y ∈ Y ∩ im f ;

(iv) f |Y has a right inverse in S(Y ).

Proof. Assume that f is a left magnifier in PS(Y )(X). Then (i) holds by
Lemma 3.1, while (ii) holds by Lemmas 3.1 and 3.4. Conditions (iii) and
(iv) follow directly from Lemmas 3.2 and 3.3, respectively.

Conversely, assume that the given conditions hold. By (iv), let h ∈ S(Y )
a right inverse of f |Y . Recall from (ii) that f is injective, and define g ∈
P (X) as follows:

yg =

{
yh if y ∈ Y ∩ im f ;
x if y ∈ Y ′ ∩ im f , where xf = y.
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Notice that dom g = im f and g|Y = h. Since h ∈ S(Y ), it follows that
g ∈ PS(Y )(X). Now we prove that fg = idX . Let x ∈ X.
Case 1: Suppose x ∈ Y . Then, since xf = x(f |Y ) and f |Y h = idY , we
obtain x(fg) = (xf)g = (xf)h = (x(f |Y ))h = x(f |Y h) = x.
Case 2: Suppose x ∈ Y ′. Then x(fg) = x.

In each case, we have x(fg) = x. Therefore fg = idX . Finally, since f
is not surjective by (ii), we deduce that gf 6= idX . Thus f is a left magnifier
in PS(Y )(X) by Theorem 2.1(i).

Corollary 3.6. Let f ∈ PI(Y )(X). Then f is a left magnifier in PI(Y )(X)
if and only if:

(i) dom f = X;
(ii) Y ′ is invariant under f ;
(iii) f |Y ′ is injective;
(iv) f is not surjective.

Proof. Assume that f is a left magnifier in PI(Y )(X). Then (i) holds by
Theorem 3.5(i), while both (iii) and (iv) hold by Theorem 3.5(ii). Condition
(ii) follows from Theorem 3.5(iii).

Conversely, assume that the given conditions hold. Note that f |Y is
injective. Therefore f is injective by (ii) and (iii), and so f−1 ∈ I(X).
Define g ∈ P (X) by g = f−1. By (ii), we have yf−1 ⊆ Y for all y ∈ Y .
Thus g|Y ∈ I(Y ), and so g ∈ PI(Y )(X). It is clear that fg = idX , since
dom f = X and g = f−1. By (iv), we deduce that gf 6= idX . Thus f is a
left magnifier in PI(Y )(X) by Theorem 2.1(i).

The next corollary follows directly from Theorem 3.5, which was proved
in both [2, Theorem 20] and [13, Theorem 3.3].

Corollary 3.7. Let f ∈ PP (Y )(X). Then f is a left magnifier in PP (Y )(X)
if and only if dom f = X, f is injective but not surjective, and yf−1 ⊆ Y
for all y ∈ Y ∩ im f .

The next corollary was proved in [13, Theorem 5.3].

Corollary 3.8. Let f ∈ PΩ(Y )(X). Then f is a left magnifier in PΩ(Y )(X)
if and only if the following conditions hold:

(i) dom f = X;
(ii) f is injective;
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(iii) f |Y ′ is not surjective.

Proof. Assume that f is a left magnifier in PΩ(Y )(X). Then (i) holds by
Theorem 3.5(i), while (ii) holds by Theorem 3.5(ii). Note that f |Y is sur-
jective. Since f is not surjective by Theorem 3.5(ii), the condition (iii)
follows.

Conversely, assume that the given conditions hold. Notice from (i) that
dom(f |Y ) = Y . By (ii), we then deduce that Y ′f ⊆ Y ′ and f |Y is bijective.
Recall from (ii) that f is injective, and define g ∈ P (X) by xg = xf−1.
Notice that g|Y = (f−1)|Y = (f |Y )−1. Since (f |Y )−1 ∈ Ω(Y ), it follows
that g|Y ∈ Ω(Y ). Therefore g ∈ PΩ(Y )(X). It is clear that fg = idX , since
dom f = X and g = f−1. Finally, by (iii) we deduce that gf 6= idX . Thus
f is a left magnifier in PΩ(Y )(X) by Theorem 2.1(i).

4. Right magnifiers in PS(Y )(X)

In this section, we describe right magnifiers in the semigroup PS(Y )(X).
We apply this general result to describe right magnifiers in the semigroups
PI(Y )(X), PΩ(Y )(X), and PP (Y )(X). We begin with a list of lemmas.

Lemma 4.1. If f is a right magnifier in PS(Y )(X), then f is surjective.

Proof. Assume that f is a right magnifier in PS(Y )(X). Then, by Theorem
2.1(ii) there exists g ∈ PS(Y )(X) such that gf = idX . This implies that f
is surjective.

Lemma 4.2. Let f ∈ PS(Y )(X). If yf−1 ∩ Y = ∅ for some y ∈ Y , then f
is not a right magnifier in PS(Y )(X).

Proof. Assume that f is a right magnifier in PS(Y )(X). Then, by Theorem
2.1(ii) there exists g ∈ PS(Y )(X) such that gf = idX . Let y ∈ Y . Then
yg ∈ Y , since g|Y ∈ S(Y ). Thus (yg)f = y(gf) = y, and so yg ∈ yf−1.
Since yg ∈ Y , we conclude that yf−1 ∩ Y 6= ∅.

Lemma 4.3. Let f ∈ PS(Y )(X). If f |Y has no left inverse in S(Y ), then f
is not a right magnifier in PS(Y )(X).

Proof. Assume that f is a right magnifier in PS(Y )(X). Then, by Theorem
2.1(ii) there exists g ∈ PS(Y )(X) such that gf = idX . This deduces that
g|Y f |Y = idY . Hence g|Y is a left inverse of f |Y in S(Y ).
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Lemma 4.4. Let f be a right magnifier in PS(Y )(X). If f |Y has a left
inverse in S(Y ), then yf−1 ∩ Y 6= ∅ for all y ∈ Y .

Proof. Assume that f |Y has a left inverse in S(Y ). Let h ∈ S(Y ) a left
inverse of f |Y . Then h(f |Y ) = idY . Let y ∈ Y . Then yh ∈ Y , since
h ∈ S(Y ). Thus (yh)f = (yh)f |Y = y(h(f |Y )) = y, and so yh ∈ yf−1.
Since yh ∈ Y , we conclude that yf−1 ∩ Y 6= ∅.

Lemma 4.5. If f is a right magnifier in PS(Y )(X), then dom f 6= X or f
is not injective.

Proof. Assume that f is a right magnifier in PS(Y )(X). Then there exists a
proper subset M of PS(Y )(X) such that Mf = PS(Y )(X). By Lemma 4.1,
we also note that f is surjective. Suppose to the contrary that dom f =
X and f is injective. Then f is bijective. Let g ∈ PS(Y )(X). Clearly
gf ∈ PS(Y )(X). Since Mf = PS(Y )(X), we deduce that hf = gf for some
h ∈M . Thus, since dom f = X and f is bijective, we obtain g = (gf)f−1 =
(hf)f−1 = h. Therefore g ∈ M , since h ∈ M . Thus, since g ∈ PS(Y )(X),
we conclude that PS(Y )(X) ⊆ M . This is a contradiction to the fact that
M is a proper subset of PS(Y )(X).

Remark 4.6. Let f ∈ P (X). If dom f 6= X or f is not injective, then
fg 6= idX for every g ∈ P (X).

In the following theorem, we describe right magnifiers in the semigroup
PS(Y )(X).

Theorem 4.7. Let f ∈ PS(Y )(X). Then f is a right magnifier in PS(Y )(X)
if and only if:
(i) f is surjective;
(ii) f |Y has a left inverse in S(Y );
(iii) dom f 6= X or f is not injective.

Proof. Assume that f is a right magnifier in PS(Y )(X). Then (i), (ii), and
(iii) follow directly from Lemmas 4.1, 4.3, and 4.5, respectively.

Conversely, assume that the given conditions hold. By (i), fix zx ∈ xf−1

for each x ∈ X. By (ii), let γ ∈ S(Y ) be a left inverse of f |Y . Define
g ∈ P (X) as follows:

xg =

{
xγ if x ∈ Y ;
zx if x ∈ Y ′.
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Notice that g|Y = γ. Since γ ∈ S(Y ), it follows that g ∈ PS(Y )(X). Now by
(iii) and Remark 4.6, we obtain fg 6= idX . Finally, we prove that gf = idX .
Let x ∈ X.
Case 1: Suppose x ∈ Y. Then xg = xγ. Thus, since xf = x(f |Y ) and
γ(f |Y ) = idY , we obtain x(gf) = (xg)f = (xγ)f = (xγ)f |Y = x (γ(f |Y ))
= x.

Case 2: Suppose x ∈ Y ′. Then xg = zx. Thus, since zx ∈ xf−1, we obtain
x(gf) = (xg)f = zxf = x.

In each case, we have x(gf) = x. Therefore gf = idX . Thus f is a right
magnifier in PS(Y )(X) by Theorem 2.1(ii).

Corollary 4.8. Let f ∈ PI(Y )(X). Then f is a right magnifier in PI(Y )(X)
if and only if:
(i) f is surjective;
(ii) yf−1 ∩ Y 6= ∅ for all y ∈ Y ;
(iii) dom f 6= X or f |Y ′ is not injective.

Proof. Assume that f is a right magnifier in PI(Y )(X). Then (i) holds by
Theorem 4.7(i), while (ii) holds by Theorem 4.7(ii) and Lemma 4.4. Finally,
since f |Y is injective, the condition (iii) follows from Theorem 4.7(iii).

Conversely, assume that the given conditions hold. By (i), choose zx ∈
xf−1 for each x ∈ X. By (ii), choose yx ∈ xf−1 ∩Y for each x ∈ Y . Define
g ∈ P (X) as follows:

xg =

{
yx if x ∈ Y ;

zx if x ∈ Y ′.

Note that xf−1 ∩ Y = {yx} for every x ∈ Y , since f |Y is injective. This
implies that g|Y ∈ I(Y ), and so g ∈ PI(Y )(X). Now by (iii) and Remark
4.6, we obtain fg 6= idX . Finally, we prove that gf = idX . Let x ∈ X.
Case 1: Suppose x ∈ Y . Then xg = yx. Thus, since yx ∈ xf−1 ∩ Y , we
obtain x(gf) = (xg)f = yxf = x.
Case 2: Suppose x ∈ Y ′. Then xg = zx. Thus, since zx ∈ xf−1, we obtain
x(gf) = (xg)f = zxf = x.

In each case, we have x(gf) = x. Therefore gf = idX . Thus f is a right
magnifier in PI(Y )(X) by Theorem 2.1 (ii).

The following corollary was proved in both [2, Theorem 13] and [13,
Theorem 4.4].
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Corollary 4.9. Let f ∈ PP (Y )(X). Then f is a right magnifier in PP (Y )(X)
if and only if:

(i) f is surjective;

(ii) yf−1 ∩ Y 6= ∅ for all y ∈ Y ;

(iii) dom f 6= X or f is not injective.

Proof. Assume that f is a right magnifier in PP (Y )(X). Then (i), (ii), and
(iii) follow directly from Lemmas 4.1, 4.2, and 4.5, respectively.

Conversely, assume that the given conditions hold. By (i), fix zx ∈ xf−1

for each x ∈ X. By (ii), fix yx ∈ xf−1∩Y for each x ∈ Y . Define g ∈ P (X)
as follows:

xg =

{
yx if x ∈ Y ;
zx if x ∈ Y ′.

Notice that g|Y ∈ P (Y ), since yx ∈ Y and x(g|Y ) = yx for every x ∈ Y .
Therefore g ∈ PP (Y )(X). Now by (iii) and Remark 4.6, we obtain fg 6= idX .
Finally, we prove that gf = idX . Let x ∈ X.
Case 1: Suppose x ∈ Y . Then xg = yx. Thus, since yx ∈ xf−1, we obtain
x(gf) = (xg)f = yxf = x.
Case 2: Suppose x ∈ Y ′. Then xg = zx. Thus, since zx ∈ xf−1, we obtain
x(gf) = (xg)f = zxf = x.

In each case, we have x(gf) = x. Therefore gf = idX . Thus f is a right
magnifier in PP (Y )(X) by Theorem 2.1(ii).

The next two corollaries was discussed in [13, Theorem 6.3].

Corollary 4.10. Let f ∈ PΩ(Y )(X) such that dom f = X. Then f is a
right magnifier in PΩ(Y )(X) if and only if:

(i) f |Y ′ is surjective;

(ii) f is not injective.

Proof. Assume that f is a right magnifier in PΩ(Y )(X). Then f is surjective
by Theorem 4.7(i), and so f |Y ′ is surjective. Condition (ii) follows from
Lemma 4.5, since dom f = X.

Conversely, assume that the given conditions hold. Then f is surjective
by (i), since f |Y ∈ Ω(Y ). Choose zx ∈ xf−1 for each x ∈ X. Notice that
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xf−1 ∩ Y 6= ∅ for each x ∈ Y , since f |Y ∈ Ω(Y ). Fix yx ∈ xf−1 ∩ Y for
each x ∈ Y , and define g ∈ P (X) as follows:

xg =

{
yx if x ∈ Y ;
zx if x ∈ Y ′.

Notice that dom(f |Y ) = Y , since dom f = X. Thus im(g|Y ) = dom(f |Y ) =
Y , and so g|Y ∈ Ω(Y ). Therefore g ∈ PΩ(Y )(X). Now we prove that
gf = idX . Let x ∈ X.
Case 1: Suppose x ∈ Y . Then xg = yx. Thus, since yxf = x, we obtain
x(gf) = (xg)f = yxf = x.
Case 2: Suppose x ∈ Y ′. Then xg = zx. Thus, since zxf = x, we obtain
x(gf) = (xg)f = zxf = x.

In each case, we have x(gf) = x. Therefore gf = idX . By (ii) and
Remark 4.6, we deduce that fg 6= idX . Thus f is a right magnifier in
PΩ(Y )(X) by Theorem 2.1(ii).

Corollary 4.11. Let f ∈ PΩ(Y )(X) such that dom f 6= X. Then f is a
right magnifier in PΩ(Y )(X) if and only if:

(i) f |Y ′ is surjective;

(ii) f |Y has a left inverse in Ω(Y ).

Proof. This follows directly from Theorem 4.7.

References

[1] F. Catino and F. Migliorini, Magnifying elements in semigroups, Semi-
group Forum, 44 (1992), no. 1, 314− 319.

[2] R. Chinram, S. Baupradist, N. Yaqoob, and P. Petchkaew, Left and
right magnifying elements in some generalized partial transformation semi-
groups, Comm. Algebra, 49 (2021), no. 7, 3176− 3191.

[3] M. Gutan, Semigroups which contain magnifying elements are factorizable,
Comm. Algebra, 25 (1997), no. 12, 3953− 3963.

[4] M. Gutan, Semigroups with magnifiers admitting minimal subsemigroups,
Comm. Algebra, 27 (1999), no. 4, 1975− 1996.

[5] J.M. Howie, Fundamentals of Semigroup Theory, Oxford University Press,
Oxford, 1995.



Magnifiers in some semigroups of partial transformations 277

[6] T. Kaewnoi, M. Petapirak, and R. Chinram, On magnifying elements in
E-preserving partial transformation semigroups, Mathematics, 6 (2018), no.
9, 160 (7 pages).

[7] J. Konieczny, Semigroups of transformations whose restrictions belong to a
given semigroup, Semigroup Forum, 104 (2022), no. 1, 109− 124.

[8] E.S. Ljapin, Semigroups, American Mathematical Society, Providence,
Rhode Island, 1963.

[9] P. Luangchaisri, T. Changphas, and C. Phanlert, Left (right) magnify-
ing elements of a partial transformation semigroup, Asian-Eur. J. Math., 13
(2020), no. 1, 2050016 (7 pages).

[10] K. D. Magill Jr., Magnifying elements of transformation semigroups, Semi-
group Forum, 48 (1994), no. 1, 119− 126.

[11] F. Migliorini, Some researches on semigroups with magnifying elements,
Period. Math. Hungar., 1 (1971), no. 4, 279− 286.

[12] M. Petapirak, R. Chinram, T. Kaewnoi, and A. Iampan, Magnifying
elements in the monoid of all partial transformations preserving an equiva-
lence relation and a partition, Int. J. Innov. Comput. Inf. Control., 18 (2022),
no. 1, 133− 147.

[13] C. Punkumkerd and P. Honyam, Magnifying elements of some semigroups
of partial transformations, Quasigroups Related Systems, 29 (2021), no. 1,
123− 132.

Received June 15, 2024
Department of Mathematics
School of Mathematics, Statistics and Computer Science
Central University of South Bihar
Gaya–824236, Bihar, India
E-mail: khirabdhi@cusb.ac.in, shubh@cub.ac.in


