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DECOMPOSITION OF SOFT CONTINUITY VIA SOFT
LOCALLY b-CLOSED SET

NAİME DEMİRTAŞ AND ZEHRA GÜZEL ERGÜL

Abstract. In this paper, we introduce soft locally b-closed sets in soft topo-
logical spaces which are defined over an initial universe with a fixed set of
parameters and study some of their properties. We investigate their relation-
ships with different types of subsets of soft topological spaces with the help
of counterexamples. Also, the concept of soft locally b-continuous functions is
presented. Finally, a decomposition of soft continuity is obtained.

1. Introduction

Molodtsov [18, 19] initiated and applied soft set theory, while modelling the
problems in the field of science including engineering physics, computer science,
economics, social sciences and medical sciences, to deal with uncertain data and
not clear objects without complete information. Then many researchers [9, 16, 17,
20, 24] presented some new definitions and results and also discussed in detail the
application of soft set theory in decision making problems.
In [20], Shabir and Naz introduced the primary concepts of soft topological

spaces. Later, Aygünoğlu and Aygün [7], Hussain and Ahmad [11], Yuksel et al.
[23], Zorlutuna et al. [24] continued to study many basic concepts and properties of
soft topological spaces. Kharal and Ahmad [13] and Zorlutuna et al. [24] discussed
the mappings of soft classes and their properties in soft topological spaces. Recently,
different forms of soft open sets [1, 2, 3, 6, 8, 12, 14, 15, 21] were studied.
In the present paper, we introduce soft locally b-closed set in soft topological

spaces which are defined over an initial universe with a fixed set of parameters.
Also, we give the notion of soft locally b-continuous function and obtain another
decomposition of soft continuity.
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2. Preliminaries

Here, we present the basic definitions and results of soft sets and soft topological
spaces which have already given in earlier studies. Let X be an initial universe set
and E be the set of all possible parameters with respect to X. Let P (X) denote
the power set of X. Then a soft set over X is defined as follows.

Definition 1. [18] A pair (F,A) is called a soft set over X where A ⊆ E and
F : A → P (X) is a set valued mapping. In other words, a soft set over X is
a parameterized family of subsets of the universe X. For ∀ε ∈ A, F (ε) may be
considered as the set of ε−approximate elements of the soft set (F,A). It is worth
noting that F (ε) may be arbitrary. Some of them may be empty, and some may
have nonempty intersection.

The set of all soft sets over X is denoted by SS(X)E . For null soft set (Φ),

absolute soft set (
∼
X), soft subset (v), soft union (t), soft intersection (u), soft

relative complement, their properties and the relations to each other; the interested
reader is refer to [5, 9, 17, 20, 24].

Definition 2. [24] The soft set (F,E) ∈ SS(X)E is called a soft point in
∼
X,

denoted by eF , if for the element e ∈ E, F (e) 6= ∅ and F (e
′
) = ∅ for all e′ ∈ E\{e}.

The soft point eF is said to be in the soft set (G,E), denoted by eF ∈ (G,E), if for
the element e ∈ E and F (e) ⊆ G(e).

Definition 3. [20] Let
∼
τ be the collection of soft sets over X, then

∼
τ is said to be

a soft topology on X if

(1) Φ,
∼
X belong to

∼
τ ,

(2) the union of any number of soft sets in
∼
τ belongs to

∼
τ ,

(3) the intersection of any two soft sets in
∼
τ belongs to

∼
τ .

The triplet (X,
∼
τ , E) is called a soft topological space over X. The members of

∼
τ are said to be soft open sets in X. A soft set (F,E) over X is said to be a soft
closed set in X , if its relative complement (F,E)c belongs to

∼
τ . We will denote

the family of all soft open sets (resp., soft closed sets) of a soft topological space
(X,

∼
τ , E) by SOS(X) (resp., SCS(X)).
Throughout the paper, the spaces X and Y stand for soft topological spaces

with (X,
∼
τ , E) and (Y,

∼
υ,K) assumed unless otherwise stated.

Definition 4. Let X be a soft topological space and (F,E) be a soft set over X.

(1) [20] The soft closure of (F,E) is the soft set in X defined as:
cl(F,E) = u{(G,E) : (G,E) is soft closed and (F,E) v (G,E)}.
(2) [24] The soft interior of (F,E) is the soft set in X defined as:
int(F,E) = t{(H,E) : (H,E) is soft open and (H,E) v (F,E)}.
Clearly, cl(F,E) is the smallest soft closed set over X which contains (F,E) and

int(F,E) is the largest soft open set over X which is contained in (F,E).
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Definition 5. Let X be a soft topological space. A soft set (F,E) is called

(1) a soft semiopen set [8] in X if (F,E) v cl(int(F,E)),
(2) a soft preopen set [6] in X if (F,E) v int(cl(F,E)),
(3) a soft α-open set [1] in X if (F,E) v int(cl(int(F,E))),
(4) a soft β-open set [12] in X if (F,E) v cl(int(cl(F,E))),
(5) a soft regular open set [22] in X if (F,E) = int(cl(F,E)),
(6) a soft A-set [21] in X if (F,E) = (G,E)\(H,E), where (G,E) is a soft open

set and (H,E) is a soft regular open set in X,
(7) a soft t-set [21] in X if int(cl(F,E)) = int(F,E),
(8) a soft B-set [21] in X if (F,E) = (G,E)u (H,E), where (G,E) is a soft open

set and (H,E) is a soft t-set in X,
(9) a soft b-open (briefly; sb-open) set [2] in X if (F,E) v int(cl(F,E)) t

cl(int(F,E)),
(10) a soft locally closed set (briefly; soft LC-set) [14] in X if (F,E) = (G,E) u

(H,E), where (G,E) is soft open and (H,E) is soft closed in X.
The relative complement of a soft semiopen (soft preopen, soft α-open, soft β-

open, soft regular open, soft b-open) set is called a soft semiclosed (soft preclosed,
soft α-closed, soft β-closed, soft regular closed, soft b-closed) set. We will denote
the family of all soft semiopen sets (resp., soft preopen sets, soft α-open sets, soft
β-open sets, soft regular open sets, soft A-sets, soft B-sets, soft b-open sets and soft
locally closed sets) of a soft topological space X by SSOS(X) (resp., SPOS(X),
SαOS(X), SβOS(X), SROS(X), SAS(X), SBS(X), SbOS(X) and SLCS(X)).

Definition 6. Let X be a soft topological space and (F,E) be a soft set over X.

(1) The soft semiclosure [8] of (F,E) is the soft set in X defined as:
scl(F,E) = u{(G,E) : (G,E) is soft semiclosed and (F,E) v (G,E)}.
(2) The soft semiinterior [8] of (F,E) is the soft set in X defined as:
sint(F,E) = t{(H,E) : (H,E) is soft semiopen and (H,E) v (F,E)}.
(3) The soft preclosure [3] of (F,E) is the soft set in X defined as:
pcl(F,E) = u{(G,E) : (G,E) is soft preclosed and (F,E) v (G,E)}.
(4) The soft preinterior [3] of (F,E) is the soft set in X defined as:
pint(F,E) = t{(H,E) : (H,E) is soft preopen and (H,E) v (F,E)}.
(5) The soft b-closure [2] of (F,E) is the soft set in X defined as:
bcl(F,E) = u{(G,E) : (G,E) is soft b-closed and (F,E) v (G,E)}.
(6) The soft b-interior [2] of (F,E) is the soft set in X defined as:
bint(F,E) = t{(H,E) : (H,E) is soft b-open and (H,E) v (F,E)}.

Theorem 7. [21] Let X be a soft topological space. A soft set (F,E) over X is
soft open if and only if it is both a soft preopen set and a soft B-set.

Proof. Necessity is trivial, we prove the suffi ciency. Since (F,E) is a soft B-set, we
have (F,E) = (G,E)u (H,E), where (G,E) is a soft open set and int(cl(H,E)) =



550 NAİME DEMİRTAŞ AND ZEHRA GÜZEL ERGÜL

int(H,E). Since (F,E) is soft preopen, we have

(F,E) v int(cl(F,E)) = int(cl((G,E) u (H,E)))

v int(cl(G,E) u cl(H,E)) = int(cl(G,E)) u int(cl(H,E))

= int(cl(G,E)) u int(H,E).

Hence

(F,E) = (G,E) u (H,E) = ((G,E) u (H,E)) u (G,E)

v (int(cl(G,E)) u int(H,E)) u (G,E)

= (int(cl(G,E)) u (G,E)) u int(H,E) = (G,E) u int(H,E).

Notice (F,E) = (G,E) u (H,E) w (G,E) u int(H,E), we have (F,E) = (G,E) u
int(H,E). Thus we obtain (F,E) is soft open. �

Theorem 8. [12] Let X be a soft topological space. A soft set (F,E) over X is
soft α-open if and only if it is both a soft preopen set and a soft semiopen set.

Proof. Necessity. Since (F,E) is a soft α-open set, we have (F,E) v int(cl(int(F,E))).
Hence (F,E) v cl(int(F,E)) and (F,E) v int(cl(F,E)). Thus (F,E) is both soft
preopen and soft semiopen.
Suffi ciency. Since (F,E) is both a soft preopen set and a soft semiopen set, then

(F,E) v cl(int(F,E)) and (F,E) v int(cl(F,E)). Thus

(F,E) v int(cl(cl(int(F,E)))) = int(cl(int(F,E))).

It follows that (F,E) is soft α-open. �

3. Soft Locally b-Closed Sets

In this section, we introduce soft locally b-closed sets in soft topological spaces
and study some of their properties.

Definition 9. A soft set (F,E) in a soft topological space X is called a soft locally
b-closed set (briefly; soft LbC-set) if (F,E) = (G,E) u (K,E) where (G,E) is soft
open and (K,E) is soft b-closed.

Remark 10. The following examples show that a soft locally b-closed set need not
be soft open and a soft locally b-closed set need not be soft b-closed.

Example 11. Let X = {x1, x2, x3, x4}, E = {e1, e2, e3} and
∼
τ = {Φ,

∼
X, (F1, E), (F2, E), ..., (F15, E)}

where Φ,
∼
X, (F1, E), (F2, E), ..., (F15, E) are soft sets over X, defined as follows:

(F1, E) = {(e1, {x1}), (e2, {x2, x3}), (e3, {x1, x4})},
(F2, E) = {(e1, {x2, x4}), (e2, {x1, x3, x4}), (e3, {x1, x2, x4})},
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(F3, E) = {(e1, ∅), (e2, {x3}), (e3, {x1})},
(F4, E) = {(e1, {x1, x2, x4}), (e2, X), (e3, X)},
(F5, E) = {(e1, {x1, x3}), (e2, {x2, x4}), (e3, {x2})},
(F6, E) = {(e1, {x1}), (e2, {x2}), (e3, ∅)}
(F7, E) = {(e1, {x1, x3}), (e2, {x2, x3, x4}), (e3, {x1, x2, x4})},
(F8, E) = {(e1, ∅), (e2, {x4}), (e3, {x2})},
(F9, E) = {(e1, X), (e2, X), (e3, {x1, x2, x3})},

(F10, E) = {(e1, {x1, x3}), (e2, {x2, x3, x4}), (e3, {x1, x2})},
(F11, E) = {(e1, {x2, x3, x4}), (e2, X), (e3, {x1, x2, x3})},
(F12, E) = {(e1, {x1}), (e2, {x2, x3, x4}), (e3, {x1, x2, x4})},
(F13, E) = {(e1, {x1}), (e2, {x2, x4}), (e3, {x2})},
(F14, E) = {(e1, {x3, x4}), (e2, {x1, x2}), (e3, ∅)},
(F15, E) = {(e1, {x1}), (e2, {x2, x3}), (e3, {x1})}.

Then
∼
τ defines a soft topology on X and thus (X,

∼
τ , E) is a soft topological

space over X in [2]. Let (H,E) be a soft b-closed set over X such that (H,E) =
{(e1, {x1, x2, x3}), (e2, {x4}), (e3, {x1, x3})}. Then (F8, E) u (H,E) = (F,E) =
{(e1, ∅), (e2, {x4}), (e3, ∅)} is a soft locally b-closed set in X, but (F,E) is not soft
open.

Example 12. Let X = {x1, x2, x3, x4}, E = {e1, e2} and
∼
τ = {Φ,

∼
X, (F1, E), (F2, E), (F3, E)}

where Φ,
∼
X, (F1, E), (F2, E), (F3, E) are soft sets over X, defined as follows:

(F1, E) = {(e1, {x4}), (e2, {x2})},
(F2, E) = {(e1, {x2, x4}), (e2, {x2, x3, x4})},
(F3, E) = {(e1, {x1, x2, x4}), (e2, X)}.

Then
∼
τ defines a soft topology on X and thus (X,

∼
τ , E) is a soft topological

space over X in [10]. Clearly, (F2, E) = {(e1, {x2, x4}), (e2, {x2, x3, x4})} is a soft
locally b-closed set in X but not soft b-closed.

Proposition 13. Let (F,E) be any soft set in a soft topological space X. (F,E)
is soft locally b-closed if and only if there exists a soft open set (G,E) such that
(F,E) = (G,E) u bcl(F,E).

Proof. Necessity. Since (F,E) is soft locally b-closed, (F,E) = (G,E) u (K,E)
where (G,E) is soft open and (K,E) is soft b-closed. Hence (F,E) v (G,E)
and (F,E) v (K,E) then (F,E) v bcl(F,E) v bcl(K,E) = (K,E). Therefore
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(F,E) v (G,E) u bcl(F,E) v (G,E) u bcl(K,E) = (G,E) u (K,E) = (F,E).
Hence, (H,E) = (G,E) u bcl(H,E).
Suffi ciency. Since bcl(F,E) is soft b-closed and (F,E) = (G,E)u bcl(F,E), then

(F,E) is soft locally b-closed. �

Theorem 14. [2] In a soft topological space X, every soft closed set is soft b-closed.

Now we are ready to give the relation between soft locally b-closed set and soft
locally closed set.

Theorem 15. In a soft topological space X, every soft locally closed set is a soft
locally b-closed set.

The following example shows that the converse implication does not hold.

Example 16. Let X = {x1, x2, x3}, E = {e1, e2} and
∼
τ = {Φ,

∼
X, (F1, E), (F2, E), (F3, E)}

where Φ,
∼
X, (F1, E), (F2, E), (F3, E) are soft sets over X, defined as follows:

(F1, E) = {(e1, {x1}), (e2, {x1})},
(F2, E) = {(e1, {x2}), (e2, {x2})},
(F3, E) = {(e1, {x1, x2}), (e2, {x1, x2})}.

Then
∼
τ defines a soft topology on X and thus (X,

∼
τ , E) is a soft topological

space over X. Clearly, (F,E) = {(e1, {x3}), (e2, {x1, x3})} is a soft locally b-closed
set in X but not soft locally closed.

Theorem 17. [2] In a soft topological space X,
(1) An arbitrary union of soft b-open sets is a soft b-open set.
(2) The intersection of a soft open set and a soft b-open set is a soft b-open set.

From the Theorem 17, we have the following.

Corollary 18. The intersection of a soft locally b-closed set and a soft locally closed
set is soft locally b-closed.

Proposition 19. Let X be a soft topological space. If (F,E) is soft locally b-closed
in X then

(1) bcl(F,E)\(F,E) is a soft b-closed set.

(2) [(F,E) t (
∼
X\bcl(F,E))] is soft b-open.

(3) (F,E) v bint((F,E) t (
∼
X\bcl(F,E))).
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Proof. (1) If (F,E) is soft locally b-closed, there exists a soft open set (G,E) such
that (F,E) = (G,E) u bcl(F,E). Then

bcl(F,E)\(F,E) = bcl(F,E)\[(G,E) u bcl(F,E)]

= bcl(F,E) u [
∼
X\((G,E) u bcl(F,E))]

= bcl(F,E) u [(
∼
X\(G,E)) t (

∼
X\bcl(F,E))]

= [bcl(F,E) u (
∼
X\(G,E))] t [bcl(F,E) u (

∼
X\bcl(F,E))]

= bcl(F,E) u (
∼
X\(G,E))

which is soft b-closed by Theorem 17.

(2) Since bcl(F,E)\(F,E) is soft b-closed, then [
∼
X\(bcl(F,E)\(F,E))] is soft

b-open and
∼
X\(bcl(F,E)\(F,E)) =

∼
X\(bcl(F,E) u (

∼
X\(F,E))) = (F,E) t (

∼
X\bcl(F,E)).

(3) It is obvious that

(F,E) v (F,E) t (
∼
X\bcl(F,E)) = bint[(F,E) t (

∼
X\bcl(F,E))].

�

Theorem 20. Let X be closed under finite unions of soft b-closed sets. Then the
following relation hold:

bcl(F,E) t bcl(G,E) = bcl((F,E) t (G,E)).

Proof. We have (F,E) v (F,E) t (G,E) and (G,E) v (F,E) t (G,E). Since
bcl(F,E) v bcl((F,E) t (G,E)) and bcl(G,E) v bcl((F,E) t (G,E)) we have
bcl(F,E) t bcl(G,E) v bcl((F,E) t (G,E)) [2].
Now, bcl(F,E) and bcl(G,E) are soft b-closed sets. Then we have (F,E) t

(G,E) v bcl(F,E) t bcl(G,E) since (F,E) v bcl(F,E) and (G,E) v bcl(G,E).
That is, bcl(F,E) t bcl(G,E) is a soft b-closed set containing (F,E) t (G,E). But
bcl((F,E)t(G,E)) is the smallest soft b-closed set containing (F,E)t(G,E). Hence
bcl((F,E) t (G,E)) v bcl(F,E) t bcl(G,E). So, we obtain bcl((F,E) t (G,E)) =
bcl(F,E) t bcl(G,E). �

The union of two soft locally b-closed sets is generally not soft locally b-closed.
To define the union of two soft locally b-closed sets, we need to give the following
concept:

Definition 21. [23] Let X be a soft topological space and (F,E), (G,E) are soft sets
over X. (F,E) and (G,E) are said to be soft separated sets if (F,E)ucl(G,E) = Φ
and (G,E) u cl(F,E) = Φ.
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Theorem 22. Suppose X is closed under finite unions of soft b-closed sets. Let
(F,E) and (G,E) be soft locally b-closed. If (F,E) and (G,E) are soft separated,
then (F,E) t (G,E) is soft locally b-closed.

Proof. Since (F,E) and (G,E) are soft locally b-closed, (F,E) = (S,E)u bcl(F,E)
and (G,E) = (T,E) u bcl(G,E), where (S,E) and (T,E) are soft open in X.

Put (H,E) = (S,E) u (
∼
X\cl(G,E)) and (K,E) = (T,E) u (

∼
X\cl(F,E)). Then

(H,E)u bcl(F,E) = ((S,E)u (
∼
X\cl(G,E)))u bcl(F,E) = (F,E)u (

∼
X\cl(G,E)) =

(F,E), since (F,E) v (
∼
X\cl(G,E)). Similarly, (K,E) u bcl(G,E) = (G,E). And

(H,E) u bcl(G,E) v (H,E) u cl(G,E) = Φ and (K,E) u bcl(F,E) v (K,E) u
cl(F,E) = Φ. Since (H,E) and (K,E) are soft open, ((H,E)t(K,E))ubcl((F,E)t
(G,E)) = ((H,E)t(K,E))u(bcl(F,E)tbcl(G,E)) = ((H,E)ubcl(F,E))t((H,E)u
bcl(G,E))t((K,E)ubcl(F,E))t((K,E)ubcl(G,E)) = (F,E)t(G,E). We obtain
(F,E) t (G,E) is soft locally b-closed. �
Lemma 23. [12] Let X be a soft topological space, (F,E) a soft set over X and
eK ∈ SS(X)E. Then eK ∈ pcl(F,E) if and only if (F,E) u (G,E) 6= Φ for every
(G,E) ∈ SPOS(X).

Lemma 24. Let X be a soft topological space. If (F,E) is a soft semiopen set,
then pcl(F,E) = cl(F,E).

Proof. We have pcl(F,E) v cl(F,E) for every soft set (F,E) over X. We show that
cl(F,E) v pcl(F,E) if (F,E) ∈ SSOS(X). Let eK ∈ cl(F,E) and eK ∈ (G,E) ∈
SPOS(X), then eK ∈ (G,E) v int(cl(G,E)) and hence (F,E)uint(cl(G,E)) 6= Φ.
Since (F,E) ∈ SSOS(X), (F,E) u int(cl(G,E)) v cl(int(F,E)) u int(cl(G,E)) v
cl(int(F,E) u cl(G,E)) v cl((F,E) u (G,E)). Therefore, we obtain cl((F,E) u
(G,E)) 6= Φ and so (F,E) u (G,E) 6= Φ. By Lemma 23, eK ∈ pcl(F,E) and hence
cl(F,E) v pcl(F,E). �
Definition 25. A soft set (F,E) in a soft topological space X is called a soft Ψ- set
if (F,E) = (G,E) u (K,E) where (G,E) is soft open and int(cl(K,E)) v (K,E).

It is clear that every soft Ψ- set is a soft B-set.

Theorem 26. Let X be a soft topological space. A soft set (F,E) over X is
soft Ψ- set if and only if there exists a soft open set (G,E) such that (F,E) =
(G,E) u scl(F,E).

Proof. Let (F,E) be a soft Ψ- set. Then there exists a soft open set (G,E) and a soft
semiclosed set (H,E) such that (F,E) = (G,E)u(H,E). We have (F,E) v (G,E),
(F,E) v (H,E), (F,E) v scl(H,E), (F,E) v (G,E) u scl(F,E) v (G,E) u
(H,E) = (F,E). Hence (F,E) = (G,E) u scl(F,E).
The converse is obvious since scl(F,E) is soft semiclosed. �

Remark 27. Soft semiopen sets and soft locally b-closed sets are independent from
each other as shown in the following examples.
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Example 28. Let X = {x1, x2, x3, x4} and E = {e1, e2, e3}. Let us take the soft
topology

∼
τ on X and the soft set (F,E) = {(e1, ∅), (e2, {x4}), (e3, ∅)} in Example

11. Clearly, (F,E) is a soft locally b-closed set in X but not soft semiopen.

Example 29. Let X = {x1, x2, x3, x4} and E = {e1, e2}. Let us take the soft
topology

∼
τ on X and the soft set (G,E) = {(e1, {x2, x3, x4}), (e2, {x2, x3, x4})} in

Example 12. Clearly, (G,E) is a soft semiopen set in X but not soft locally b-closed.

Theorem 30. Let X be a soft topological space. A soft set (F,E) over X is a soft
B-set if it is soft locally b-closed and soft semiopen.

Proof. Let (F,E) be soft locally b-closed and soft semiopen. Then by Proposition
13, there exists a soft open set (G,E) such that (F,E) = (G,E) u bcl(F,E) =
(G,E)u[scl(F,E)upcl(F,E)]. By Lemma 24, we have (F,E) = (G,E)u[scl(F,E)u
cl(F,E)] = (G,E)uscl(F,E). Hence (F,E) is a soft Ψ- set by Theorem 26, so (F,E)
is a soft B-set. �

Remark 31. Soft α-open sets and soft locally b-closed sets are independent from
each other as shown in the following examples.

Example 32. Let X = {x1, x2, x3, x4} and E = {e1, e2, e3}. Let us take the soft
topology

∼
τ on X and the soft set (F,E) = {(e1, ∅), (e2, {x4}), (e3, ∅)} in Example

11. Clearly, (F,E) is a soft locally b-closed set in X but not soft α-open.

Example 33. Let X = {x1, x2, x3, x4} and E = {e1, e2}. Let us take the soft
topology

∼
τ on X and the soft set (G,E) = {(e1, {x2, x3, x4}), (e2, {x2, x3, x4})} in

Example 12. Clearly, (G,E) is a soft α-open set in X but not soft locally b-closed.

Theorem 34. Let X be a soft topological space. A soft set (F,E) over X is soft
open if and only if it is both a soft α-open set and a soft locally b-closed set.

Proof. It is immediate from Theorem 7, Theorem 8 and Theorem 30. �

Definition 35. [4] Let X be a soft topological space. A soft set (F,E) over X is
called a soft generalized b-closed set (briefly; soft gb-closed set) if bcl(F,E) v (G,E),
whenever (F,E) v (G,E) and (G,E) is soft open.

Theorem 36. Let X be a soft topological space. A soft set (F,E) over X is soft
b-closed if and only if it is both a soft gb-closed set and a soft locally b-closed set.

Proof. Necessity. Let (F,E) be soft b-closed. (F,E) = (F,E) u
∼
X, then (F,E)

soft locally b-closed. Also, if (F,E) v (G,E) where (G,E) is soft open, then
bcl(F,E) = (F,E) v (G,E). Hence (F,E) is soft gb-closed.
Suffi ciency. If (F,E) is soft locally b-closed, then there exists a soft open set

(G,E) such that (F,E) = (G,E) u bcl(F,E). Since (F,E) v (G,E) and (F,E) is
soft gb-closed then bcl(F,E) v (G,E). Therefore bcl(F,E) v (G,E) u bcl(F,E) =
(F,E). Hence (F,E) is soft b-closed. �
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4. Decompositions of Soft Continuity

In this section, we introduce soft locally b-continuous functions and give a de-
composition of soft continuity via the notion of soft locally b-closed set.

Definition 37. [13] Let SS(X)E and SS(Y )K be families of soft sets, u : X −→ Y
and p : E −→ K be mappings. Then the mapping fpu : SS(X)E −→ SS(Y )K is
defined as:

(1) Let (F,E) ∈ SS(X)E . The image of (F,E) under fpu, written as fpu(F,E) =
(fpu(F ), p(E)), is a soft set in SS(Y )K such that

fpu(F )(y) =

{
∪x∈p−1(y)∩Au(F (x)) , p−1(y) ∩A 6= ∅
∅ , otherwise

for all y ∈ K.
(2) Let (G,K) ∈ SS(Y )K . The inverse image of (G,K) under fpu, written as

f−1pu (G,K) = (f−1pu (G), p−1(K)), is a soft set in SS(X)E such that

f−1pu (G)(x) =

{
u−1(G(p(x))) , p(x) ∈ K
∅ , otherwise

for all x ∈ E.

Definition 38. Let X and Y be soft topological spaces and fpu : SS(X)E −→
SS(Y )K be a function. Then fpu is called

(1) soft continuous [24] if for each (G,K) ∈SOS(Y ), f−1(G,K) ∈SOS(X).
(2) soft semicontinuous [15] if for each (G,K) ∈SOS(Y ), f−1pu (G,K) ∈SSOS(X).
(3) soft α-continuous [1] if for each (G,K) ∈SOS(Y ), f−1pu (G,K) ∈SαOS(X).
(4) soft B-continuous [21] if for each (G,K) ∈SOS(Y ), f−1pu (G,K) ∈SBS(X).
(5) soft LC-continuous [14] if for each (G,K) ∈SOS(Y ), f−1pu (G,K) ∈SLCS(X).
(6) soft b-continuous [2] if for each (G,K) ∈SOS(Y ), f−1pu (G,K) ∈SbOS(X).

Definition 39. Let X and Y be soft topological spaces and fpu : SS(X)E −→
SS(Y )K be a function. Then fpu is called soft locally b-continuous if for each
(G,K) ∈SOS(Y ), f−1pu (G,K) is a soft locally b-closed set in X.

Remark 40. Soft α-continuous functions and soft locally b-continuous functions
are independent from each other as shown in the following examples.

Example 41. Let X = {x1, x2, x3}, Y = {y1, y2, y3}, E = {e1, e2}, K = {k1, k2},
∼
τ = {Φ,

∼
X, (F1, E), (F2, E), (F3, E)} in Example 16 and ∼υ = {Φ,

∼
Y , (H,K)} such

that

(H,K) = {(k1, {y1}), (k2, {y1, y3})}.
Let (X,

∼
τ , E) and (Y,

∼
υ,K) be soft topological spaces. Define u : X −→ Y, p :

E −→ K as
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u(x1) = {y3}, u(x2) = {y2}, u(x3) = {y1} and p(e1) = {k1}, p(e2) = {k2}.
Let fpu : SS(X)E −→ SS(Y )K be a function. Then (H,K) is soft open in Y and

f−1pu (H,K) = {(e1, {x3}), (e2, {x1, x3})} is a soft locally b-closed set. Therefore, fpu
is soft locally b-continuous. But, f−1pu (H,K) is not a soft α-open set and so fpu is
not soft α-continuous.

Example 42. Let X = {x1, x2, x3, x4}, Y = {y1, y2, y3, y4}, E = {e1, e2} and K =

{k1, k2}
∼
τ = {Φ,

∼
X, (F1, E), (F2, E), (F3, E)} in Example 12 and ∼υ = {Φ,

∼
Y , (G,K)}

such that

(G,K) = {(k1, {y1, y2, y3}), (k2, {y1, y2, y3})}.
Let (X,

∼
τ , E) and (Y,

∼
υ,K) be soft topological spaces. Define u : X −→ Y, p :

E −→ K as
u(x1) = {y4}, u(x2) = {y1}, u(x3) = {y2}, u(x4) = {y3} and

p(e1) = {k1}, p(e2) = {k2}.
Let fpu : SS(X)E −→ SS(Y )K be a function. Then (G,K) is soft open in Y and

f−1pu (G,K) = {(e1, {x2, x3, x4}), (e2, {x2, x3, x4})} is a soft α-open set. Therefore,
fpu is soft α-continuous. But, f−1pu (G,K) is not a soft locally b-closed set and so
fpu is not soft locally b-continuous.

Theorem 43. Let X and Y be soft topological spaces. Then fpu : SS(X)E −→
SS(Y )K is soft continuous if and only if it is soft α-continuous and soft locally
b-continuous.

Proof. This is an immediate consequence of Theorem 34. �
Definition 44. Let X and Y be soft topological spaces and fpu : SS(X)E −→
SS(Y )K be a function. Then fpu is called soft gb-continuous if for each (G,K) ∈SOS(Y ),
f−1pu (G,K) is a soft gb-closed set in X.

Theorem 45. Let X and Y be soft topological spaces. Then fpu : SS(X)E −→
SS(Y )K is soft b-continuous if and only if it is soft gb-continuous and soft locally
b-continuous.

Proof. This is an immediate consequence of Theorem 36. �

5. Conclusion

In the present study, we have introduced soft locally b-closed sets in soft topolog-
ical spaces which are defined over an initial universe with a fixed set of parameters
and we have studied some of their properties. We have investigated their rela-
tionships with different types of subsets of soft topological spaces with the help of
counterexamples. Also, the concept of soft locally b-continuous functions have been
presented. Finally, a decomposition of soft continuity has been obtained.
In future, these findings may be extended to new types of soft sets such as soft α-

locally closed and soft pre-locally closed sets in soft topological spaces. We expect
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that results in this paper will be helpfull for further studies in soft topological
spaces.
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