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Abstract: In this paper, we present a novel family of soft sets named “finite soft-open sets”. The
purpose of investigating this kind of soft sets is to offer a new tool to structure topological concepts
that are stronger than their existing counterparts produced by soft-open sets and their well-known
extensions, as well as to provide an environment that preserves some topological characteristics that
have been lost in the structures generated by celebrated extensions of soft-open sets, such as the
distributive property of a soft union and intersection for soft closure and interior operators, respectively.
We delve into a study of the properties of this family and explore its connections with other known
generalizations of soft-open sets. We demonstrate that this family strictly lies between the families
of soft-clopen and soft-open sets and derive under which conditions they are equivalent. One of the
unique features of this family that we introduce is that it constitutes an infra soft topology and fails to
be a supra soft topology. Then, we make use of this family to exhibit some operators in soft settings,
i.e., soft fo-interior, fo-closure, fo-boundary, and fo-derived. In addition, we formulate three types of
soft continuity and look at their main properties and how they behave under decomposition theorems.
Transition of these types between realms of soft topologies and classical topologies is examined with
the help of counterexamples. On this point, we bring to light the role of extended soft topologies to
validate the properties of soft topologies by exploring them for classical topologies and vice-versa.
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1. Introduction

With the development of human activities, uncertainty and suspicion have become ubiquitous in
real-life issues, ranging from daily life decisions to social affairs, national policies, and other aspects.
To transact with uncertainty, Molodtsov [55] came up with a fresh paradigm named soft sets in
1999. The advantage of this paradigm is that it is free from the inherent restrictions of the foregoing
approaches since it does not require previous procedures such as the use of membership functions in the
theory of fuzzy sets and equivalence relations in the theory of rough sets. Molodtsov [55] succeeded in
presenting some applications of soft sets in numerous disciplines. Then, many authors applied soft sets
to solve the imperfect knowledge, vagueness and inconsistency existing in daily practical problems
in various areas, including information theory [6, 18], economics [19, 45], graph theory [46], medical
science [40, 50] and differential equations [24]. The main principles and concepts of soft set theory
have been detailed and discussed by several researchers [7, 44, 52]. Various authors have proposed
new definitions of some concepts to get rid of the drawbacks of their previous ones that limit their
applications and often contradict their ontology; for more details, see [10,24].

In 2011, the structure of soft topologies was introduced by Shabir and Naz [60] with the same
postulations of classical topology. They provided the essential ideas of soft topologies, such as soft
operators of interior and closure, soft relative topologies, and soft axioms of separation. Further
investigation into soft separation axioms was conducted by Min [54] who demonstrated that a soft
Ts-space is soft T,. Later on, a lot of articles described separation axioms and topological operators
in the environment of soft topologies; recent examples are [1, 3, 4,21, 38,43,48]. The concepts of
soft compact and Lindelof spaces were defined by Aygiinoglu and Aygiin [37]. Generalizations of
these spaces were discussed by Hida [47] in terms of belonging relations and by other authors who
focused on generalizations of soft-open sets [11, 18,33,34]. Also, the notions of soft connectedness,
soft hyperconnectedness, soft extremally disconnectedness, maximal soft connectedness, and other
types were introduced and probed by several topological researchers [36, 58, 62]. The definitions of
basis, functions, Menger spaces, expandable spaces, continuity and homeomorphism were also created
for soft topology by the authors of [2, 5,27, 28, 49,51, 59, 64]. The need to produce several forms
of soft topological concepts results in the introduction of many generalizations of soft-open sets by
following similar techniques as those applied in classical topologies. With the introduction of these
types of soft subsets, many of the key characteristics of soft-open subsets have been extended to a
broader family in a soft topological space. In 2013, soft semi-open sets and their characterizations
were studied by Chen [39]. Then, the classes of a-open, somewhere dense, soft parametric somewhat-
open, QO-sets, and minimal sets were implemented in soft settings by the authors of [8,9,12,30]. Some
of these generalizations were applied to handle practical problems as pointed out in [20]. Moreover,
Al-shami, with his coauthors, suggested a new approach to create generalizations of soft-open sets that
are inspired by the classical topologies associated with an original soft topology, namely, weakly soft
B-open [22], weakly soft pre-open [25], weakly soft b-open [26], weakly soft a-open [31], weakly soft
semi-open [32], and weakly soft somewhat open sets [35]. These generalizations make up a weaker
form of their analogous existing counterparts in soft topologies and promote the production of novel
notions for soft topologies with unique properties.

To link classical topologies with soft topologies, it has been proven that the following formula
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generates classical topologies from a soft topology:
7, ={S(a) : (§,0) e 7}. (1.1)

It is conspicuous that a soft topology is considered to be a classical topology when the parameters
set is a singleton. As expected, some properties and relationships existing in classical topologies
are not valid in the realms of soft topologies; for example,the systematic relation 74 implies 73,
and the compact subsets of Hausdorff space are closed. To shed light on these divergences, the
manuscripts [13,61] were written. As a matter of fact, these divergences prompt topologists to look at
how topological principles behave between classical and soft topological structures, which provides a
tool to discover the properties of one space by using another well-known one. In this regard, Al-shami
and Kocinac [29] concluded the sufficient terms that guarantee the navigation of most of the topological
properties between two diverse structures (crisp and soft). They first showed the correspondence
between special types of soft topologies, namely extended and enriched soft topologies, and then they
proved that this type of soft topology leads to the equality between soft interior and closure operators
of soft set and their classical counterparts that are computed for each component of this soft set. That
is, if (S, U) is a soft subset of an extended soft topological space (Z, 7, U), then (i(S ), U) = I(S, U) and
(c(S),0) = C(S,0), where i and ¢ respectively denote the interior and closure operators in classical
topology, and I and C respectively denote the soft interior and closure operators in soft topology.

This article is laid out as follows. The basic concepts that will be prerequisite to understanding
this content are recalled in the next section. In Section 3, we introduce the concept of “finite soft-
open sets” as soft-open sets with the finite region of a soft boundary. Then, in Section 4, we define
the soft fo-interior, fo-closure, fo-boundary, and fo-derived operators. We derive some properties
of these operators and reveal the relationships between them. Section 5 introduces three types of soft
continuity and investigates their transition from a soft topology to crisp topologies that are generated
by using (1.1). To illustrate this matter, we present some counterexamples. Finally, we analyze the
obtained results and propound some directions for future work in Section 6.

2. Fundamentals of soft sets and soft topologies
In this section, we mention some essential concepts and outcomes that will be used in the sequel.

2.1. Soft set theory

Definition 2.1. ( [55]) A pair (S, O) is stated as a soft set (in short, s-set) over Z # 0 (known as the
universal set) with O # 0 (known as a set of parameters) provided that S : U — 2% is a function,
where 2% is the power set of Z.

The mathematical representation of an s-set is given by
(8,0) = {(a,S(2)) : a € U and S(a) € 2%}.

The components of an s-set (S, U) are the images of each parameter under a function S.
Through this content, the collection of all s-sets initiated with respect to Z and U is denoted by
2(Z,0).
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Definition 2.2. ( [10]) The complement of (S, O), indicated by (S, U)° or (8, O), is given by
S°(a) =Z — S(a) for each a € O.

Definition 2.3. ( [42,53,56]) An absolute s-set (S, O) is defined by S(a) = Z for each a € U, whereas
its complement is named a null s-set. They are denoted by Z and @, respectively. If (S, Q) is given by
S(a) = z € Z and, for each b € U — {a}, we have S(b) = 0, then we call (S,U) a soft point and it
is denoted by z,. An s-set (S, U) is referred to as infinite (resp., uncountable) if S(a) is infinite (resp.,
uncountable) for some a € U; otherwise it is called finite (resp., countable). An s-set with the property
S(a) = 0 or S(a) = Z for each a € U is known as a pseudo-constant s-set. We refer to (S,0) as a
stable s-set if S(a) = A C Z for each a € U. Note that the absolute and null s-sets are stable and
pseudo-constant s-sets.

Definition 2.4. Let (S, U) and (K, O) be s-sets. Then we write
(i) (8,0) C (K, 0) if, for every a € U, we have that S(a) C K(a) [44].
(i) (S, 0)u(K,0) = (U,O) if, for every a € U, we have that U(a) = S(a) | K(a) [53].
(iii) (S,0)N(K,0) = (U, O) if, for every a € U, we have that U(a) = S(a) () K (a) [10].
@iv) (S8, 0)A(K,O) = (U, V) if, for every a € U, we have that U(a) = S(a)\K(a) [10].
(v) (8,0) X (K,0) = (U, T x O) if, for every (a,b) € U x U, we have that U(a,b) = S(a) x K(b).
Definition 2.5. ( [42,60,63]) Let z € Z and (S, O) be an s-set. Then, we say that
(i) z, € (S,0) whenever z € S(a).
(ii) z € (8,0) (resp., z € (S, 0)) if z € S(a) for every (resp., some) a € U.

We provide the negation of the above-mentioned relations as follows.
(i) z, ¢ (S,0) whenever z ¢ S(a).
(i) z ¢ (S,0) (resp., z & (S,0)) if z ¢ S(a) for some (resp., every) a € U.

Definition 2.6. ( [15]) A soft function E; : 2(Z,0U) — X(X,Q), where E : Z — Xand ¢ : U — Q
are crisp functions, is a relation that associates each z, € X(Z, U) with one and only one x4 € (X, Q)
such that

E:(z,) = E(2)z) foreveryz€ Zandae€ U.

In addition, Egl(xq) = U z, foreveryxe Xandg € Q.
zeBE1(x)

acé~1(g)
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2.2. Soft topology

Definition 2.7. ( [60]) A subfamily T of £(Z,O) forms a soft topology over Z with O provided that
the absolute and null s-sets are elements of it, and that it is closed under finite soft intersections and
arbitrary soft unions.

In this case, the triplet (Z, 7, O) is called a soft topological space (briefly, S T-space). Every element
of 7 is called soft-open (in short, s-open) and its complement is called soft-closed (in short, s-closed).
We term an S T-space (Z, 7, U) soft locally indiscrete if (S, O) is s-closed whenever it is s-open.

Definition 2.8. ( [60]) For an s-subset (S,U) of an ST-space (Z,1,0), the soft union of all s-open
subsets of (S,U) is referred to as a soft-interior of (S,O), and the soft intersection of all s-closed
supersets of (S, O) is referred to as a soft-closure of (S, V). These operators are respectively denoted
by I(S,0) and C(S, V). The soft boundary of an s-subset (S,O), denoted by B(S,0), is given by
B(S,0) = C(S,0)AI(S, O).

Definition 2.9. ( /36, 58,62])

(i) If the only soft-clopen subsets of an S T-space (Z, 7, O) are null and absolute s-sets, then (Z, 7, O)
is referred to as soft connected.

(ii) If the soft-closure of every s-open subset of an S7T-space (Z,7,0) is s-open, then (Z,7,0) is
referred to as soft extremally disconnected.

(iii) If every s-dense subset of an ST-space (Z, 7, U) is s-open, then (Z, 1, O) is referred to as soft
submaximal.

Definition 2.10. ( /8, 12,39]) An s-subset (S, O) of (Z,1,U) is called soft a-open, soft pre-open, soft
semi-open, soft b-open, soft B-open, or soft somewhere dense subset if the following conditions are
respectively satisfied:

(S,0) C I(CU(S,0))),
(S,0) C I(C(S, D)),
(S,0) C CU(S, D)),

(S,0) C I(C(S, V) U CU(S,V)),
(S,U) C CU(C(S,DV))), and
(S,0) = ®or I(C(S,V)) # D.

The complements of the above-mentioned s-subsets are respectively termed soft soft a-closed, soft
pre-closed, soft semi-closed, soft b-closed, soft S-closed, and soft cs-dense sets.
The next formula explains how to inherit crisp topologies from a soft topology.

Proposition 2.11. ( [60]) Let (Z,1,O) be an S T-space. Then, for each a € U, the class
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7, ={S@) : (§,0) € 7}

represents a crisp topology on Z. Since this class is produced for each parameter, we shall name a
parametric topology (in short, p-topology).

Definition 2.12. ( [29]) Let (S,U) be an s-subset of an ST-space (Z,7,0). Then (I(S),O) and
(C(S),O) are given by I(S)(a) = I(S(a)) and C(S)(a) = C(S(a)), respectively, where I1(S(a)) and

C(S(a)) are the interior and closure operators of S(a) in a p-topological space (Z,7,), respectively.

Proposition 2.13. ( [60]) Let (S,O) be an s-subset of an ST-space (Z,71,U). Then, (C(S),0) C
(C(8S), ).

Definition 2.14. ( [56,57]) A soft topology T is referred to as follows:
(i) an enriched soft topology if every pseudo-constant s-set is a member of 7;
(i) an extended soft topology if (S, U) € 7 iff S(a) € 7, foreach a € U.

The soft topologies referenced above were explored rigorously by Al-shami and Kocinac [29]. In
the structures produced by these soft topologies, the interchangeable property for the crisp and soft
interior and crisp and soft closure topological operators was proved, which is key in the depiction
of how topological notions behave from the perspective of the spaces of a soft topology and its p-
topologies.

Theorem 2.15. ( [29]) An s-subset of an S T-space (Z,7,0) is extended if and only if (I(F),0) =
I(S,0) and (C(F),U) = C(S, O) for any s-subset (S, O).

Theorem 2.16. ( [29]) If E; : (Z,7,0) — (X, 6,0) is soft-continuous, then E : (Z,7,) = (X, Osq) is
continuous for all a € O.

3. Finite s-open sets

This section has been designed to introduce the concept of finite s-open sets as a fresh collection
of s-subsets of an S 7T-space. In contrast to the celebrated extensions of s-open sets, we find that this
class constitutes an infra soft topology and fails to be a supra soft topology. Also, this class maintains
some topological characteristics that are lost in the structures generated by well-known extensions of
s-open sets, to name a few, the distributive property of the soft union and intersection for soft closure
and interior operators, respectively. The relationships between this class and some of the previous ones
are showed with the aid of some counterexamples.

Definition 3.1. An s-subset (S,0) of an ST-space (Z, 1, 0) is said to be a finite s-open set provided
that (S, 0) is s-open and C(S, O) A (S, O) is finite. That is, (S, O) is stated to be a finite s-open set
provided that it is s-open and its soft boundary is a finite s-set. We refer to the complement of a finite
s-open set as a finite s-closed set.

The analogous characteristic of a finite s-closed set is provided in the following proposition.
Proposition 3.2. Let (S, O) be an s-subset of an S T-space (Z, 1, O). Then, (S, O) is finite s-closed if
and only if it is s-closed and (S, O) A I(S, O) is finite.
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Proof. ©“ = ”: Assume that (S, U) is finite s-closed. Directly, we obtain that (S, U) is s-closed and
C(8¢,0) A (8%0) is finite. The next equality relation is obvious:

C(S°,0)Aa(S°,0)
= [I(S,0)]° N (S,0)
=(S,0)aI(S,0).

Subsequently, (S, U) A I(S, U) is finite.
“ & 7: Let the sufficient conditions hold. Then, (8¢, U) is s-open. By the above equivalence, we get
that C(8¢,U) A (8¢, 0) is finite. Thus, (8¢, O) is finite s-open, which proves the required result.

Before we discover the main properties of these types of s-sets, we shall display the next
proposition, which we need to understand the sequels of this manuscript.

Proposition 3.3. The following properties hold for every s-subset (S, O) of an S T-space (Z, 1, O):
(i) B(S,0) =C(S,0)nCS<,0).

(ii) B(S,0) is s-closed.

(iii) (S,0) is s-closed (resp., s-open) iff B(S, U) C (8§, U) (resp., B(S, U) C (8¢, 0)).

(iv) (S, 0) is soft-clopen iff B(S, U) = ©.

Proof. It is analogous to the proof given in the classical topology.

Remark 3.4. (i) An s-open set (S, O) is finite s-open provided that B(S, O) is finite.

(ii) A finite s-set is finite s-open provided that B(S, U) C (8¢, U).

Proposition 3.5. The inverse image of a finite s-open set is preserved under injective soft continuity.
Proof. Let (S,0) be a finite s-open subset of (W,6,0) and E; : (Z,7,U0) — (W,0,0) be a soft
continuous function. We directly obtain that Egl(S, U) is an s-open set and

CIE;' (S, U)] AE;/(S,U) C

E;'[C(S, D] AE;(S, V) =
E;'[C(S,V) a (S, V)].

Since C(S, U) A (S, 0) is finite, then, by the injectiveness of E; we find that Egl[C(S, U) A(S8,0)]is
finite. Hence, C[E;l(S, )] A ES;‘(S, V) is finite. This completes the proof.

Corollary 3.6. Finite s-open sets possess the invariant property.

The condition of the injectiveness provided in the aforementioned proposition is dispensable, as the
below example points out.

Example 3.7. Suppose that we have S T-spaces (R,v,O) and (Z, 7, O) such that R is the set of real
numbers, 7. = {y, z}, O = {a,b, c}, and the soft topologies v over R with U and t over Z with U are
given by
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v={R,(S,U)CR: 1€ (S,U)}U{d}, and
T ={®,Z,(U,V) = {(a, {2}), (b, {z}), (c, {z))}},
where a soft function E; : (R, v, U) — (Z, 7, 0) is defined as follows:

¢ is the identity function and

E(1) = z, and for each r # 1, we have that E(r) = y.

It is obvious that E; is not injective. Now, (U, V) is a finite s-open subset of (Z,7,U), but
Egl(%[, U) = {(a,{1}),(b,{1}),(c,{1})} is not finite s-open in (R,v, V) in spite of E; being soft-
continuous.

Proposition 3.8. The family of finite s-open subsets is closed under a finite Cartesian product.

Proof. Let (S,0) and (U, O) be finite s-open sets. As we know, the product of finite numbers of s-
open sets is s-open; also, we know that C[(S, U) X (U, V)] = C(S, V) x C(U, U). By the hypothesis,
the following is a finite s-set:

[C(S,0) A (S, 0)] x [C(U,0) A (U, )]

=[C(S,0) X C(U, V)] A [(S,0) X (U,0)]
= C[(S,0) X (U, V)] A [(S,0) X (U, V)],
which ends the proof that (S, U) x (U, U) is a finite s-open set.

Proposition 3.9. Let (Z,7,,0) and (Z,7,,0) be ST-spaces such that | C 1. If (§,0) is a finite
s-open subset of Ty, then it is also a finite s-open subset of T5.

Proof. Let (8, U) be a finite s-open subset of (Z, 7, U). Since 71 C 73, (§,0) € 7, and C,,(S,U) C
C;, (S, 0), it follows that B,,(S, U) is finite. Hence, we have finished the proof.

One can see that the converse of Proposition 3.9 is false by taking a member of 7, which is not a
member of 7.

Proposition 3.10. Let (Z,7,0) be an ST-space and (S, O) be s-subsets of it for each j € J. Then,
B[U;c,(S;,0)] C Uje;B(S;,0).

Proof. We provide the proof for two s-subsets. To do this, let z, € B[(S, UO) U (U, U)]. Then,
z, € C[(S,0)u (U, V)] and z, ¢ I[(S, V) U (U, V)]
= 2z, € C(S,0)or C(U,U) and z, ¢ I(S,U) and z, ¢ I(U,O)
= 2z, € C(S,0)AI(S,0)or z, € C(U,0)AI(U,O)
= z, € B(S,0) U B(U,O).

Hence, we obtain B[(S,O) U (U, V)] C B(S,O) U B(U, ), as required. One can obtain the proof
for an arbitrary number of s-subsets by using the mathematical induction proof.
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Corollary 3.11. The finite numbers of soft unions (resp., soft intersections) of finite s-open (resp., finite
s-closed) subsets of an S T-space (Z, 1, O) is finite s-open (resp., finite s-closed).

Corollary 3.12. The family of finite s-open sets structures an infra soft topology.

Proof. It is obvious that the absolute and null s-sets are finite s-open. By Corollary 3.11, this family is
closed under a finite soft intersection. Thus, the required finding is obtained.

One may prove the next result by following similar arguments given in the proof of Proposition 3.10.

Proposition 3.13. Let (Z,7,0) be an ST-space and (S;, U) be s-subsets of it for each j € J. Then,
B[M;e;(S;,0)] E Uje;B(S;,0).

Corollary 3.14. The finite numbers of soft unions (resp., soft intersections) of finite s-closed (resp.,
finite s-open) subsets of an S T-space (Z, 1, O) is finite s-closed (resp., finite s-open).

In the next example, we show that the converse of Proposition 3.10 is not always true, as well as
reveal that both classes of finite s-open and finite s-closed subsets are not always closed under arbitrary
numbers of soft unions and intersections.

Example 3.15. Suppose that we have an S T-space (R, 1, O) such that R is the real numbers set, O =
{a, b}, and T is the usual soft topology; that is, T is generated by the soft basis {(S, O) : S(a) and S(b)
are open intervals in the forms of (i, j)}. By taking the following s-sets:

(8,0) ={(a,(3,4)),(b,(3,4))}, and
(U,0) = {(a,[4,5)), (b, [4,5)}.

We find that
B[(S,0) U (U, V)] = {(a,{3,5}), (b, {3,5})} , whereas
B(S,0)u B(S,0) = {(a,{3,4,5}), (b, {3,4,5))}.
Therefore, B[U c;(S;, U)] is a proper s-subset of Lijc;B(S;, U).
Also, by taking the s-sets of the form (S;, O) = {(a, (i,i + 1)), (b, (i,i + 1))}, we get that (S;,U) is
finite s-open for each i in the set of natural numbers N. In contrast, the s-set Li;cn(S;, O) is not finite

s-open because
ClUian(Si, U)]A Uiaw (S;, 0)
= C[{(a, [1, )\N), (b, [1, )\N)}]A{(a, [1, 0)\N), (b, [1, 00)\N)}
={(a, [1,00)), (b, [1, ))}]a{(a, [1, 00)\N), (b, [1, c0)\N)}
={(a,N), (b, N)},
which is an infinite s-set. So, the class of finite s-open sets is not closed under an arbitrary number of
soft unions.

Moreover, by taking the s-sets of the form (S;, U) = {(a, (5}, 1)), (b, (=, 1))}, we get that (S;, D) is
finite s-open for each i in the set of natural numbers N. But the s-set M;an(S;, O) = {(a, {0}), (b, {0})}
is not s-open; thus, it is not finite s-open. Hence, the class of finite s-open sets is not closed under an
arbitrary numbers of soft intersections.

By taking the complement of the second and third computations, we also infer that the class of finite
s-closed sets is not closed under an arbitrary number of soft unions and intersections.
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Proposition 3.16. Let (Z,1,0) be an ST-space and (S, U) and (U, V) be s-subsets of it such that
C(S,0) and C(U, O) are disjoint. Then, B[(S,O) U (U, O)] = B(S,U) U B(U, D).

In what follows, we will discuss the connections of this kind of s-set with s-open sets and their
known generalizations.

Proposition 3.17. (i) Every soft-clopen set is finite s-open.
(ii) Every finite s-open set is s-open (soft {-open), where { € {a, pre, semi, b, 3, somewhere dense}.

Proof. Since B(S, O) is the null s-set for every soft-clopen subset (S, U), the proof of (i) follows. The
proof of (ii) is obvious by Definition 3.1 for the case of s-open sets, and by the previous relationships
that are well known in the published articles for the case of between brackets.

By Example 3.15, it can be seen that the s-set (S,0) = {(a, (4,5]), (b,[2,3))} is soft {-open for
{ € {semi,b,B, somewhere dense} but not finite s-open. Also, {(a,[1, )\N), (b, [1, c0)\N)} is an s-
open set that is not finite s-open. On the other hand, in a soft topology consisting of three elements
over the finite universal set we get a finite s-open set that is not soft-clopen. Thus, the converse of
Proposition 3.17 is false, in general.

Proposition 3.18. If all proper s-closed subsets of an infinite ST-space are finite, then an s-set is
s-open if and only if it is finite s-open.

Proof. To prove the necessary side, let (S, U) be s-open. Suppose, to the contrary, that B(S, O) is
infinite. Then, C(S, U) is infinite. By the hypothesis, C(S, U) must equal the absolute s-set. Therefore,
B(S, O) is the null s-set. But, this contradicts the idea that B(S, U) is infinite, so (S, O) is finite s-open.
The sufficient side is obvious by (i1) of Proposition 3.17.

Example 3.15 elucidates the necessity of the condition that all proper s-closed subsets are finite to
satisfy the equality in Proposition 3.18. That is, {(a, [1, o0)\N), (b, [1, 00)\N)} is an s-open subset of an
S T-space (R, 7, U) defined in Example 3.15 that is not finite s-open.

The following lemma will be useful to demonstrate some of the upcoming results.

Proposition 3.19. The families of s-open and finite s-open subsets of an ST-space (Z,t,O) are
identical provided that one of the following conditions holds:

(i) The absolute s-set is finite.
(ii) The soft topology is soft-clopen.
(iii) The soft topology is locally indiscrete.

Proof. (1): It is obvious.

(i1): It follows from (iv) of Proposition 3.3.

(iii): It is sufficient to show that B(S,O) is null for any s-open subset of a soft locally indiscrete
topological space. To demonstrate this, let (S, U) be s-open. By the hypothesis, (S, U) is expressed as
a soft union of soft-clopen subsets, i.e.,

(S,0) = Ujey(U;, U) where (U, U) is an element of soft basis for each j. (3.1
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By Proposition 3.10, we have the following inclusion
BlUje;(U;,0)] C UjeyB(U;, O).

Since every (U}, O) is soft-clopen, B(U;, U) = ®. This implies that B[U;c;(U;, U)] = ®. From 3.1
we prove that (S, U) is finite s-open.

Corollary 3.20. The closeness of finite s-open sets for arbitrary soft unions is satisfied provided that
one of the following conditions holds:

(i) The absolute s-set is finite.
(ii) The soft topology is soft-clopen.
(iii) The soft topology is locally indiscrete.

Proposition 3.21. Let (S, U) be a finite s-open subset of a soft extremally disconnected space (Z, 7, O).
Then C(S, O) is finite s-open.
Proof. Since C(S, U) is s-open and B[C(S, U)] C C(S, U), the proof follows.

Recall that (S, O) is called a discrete s-subset of an S T-space (Z, 7, O) if every soft point z, € (S, O)
has an s-neighborhood (U, O) such that (S, O) N (U, O) = z,.

Lemma 3.22. An ST-space (Z,7,0O) is soft-submaximal if and only if C(S, O)AI(S,O) is a discrete
s-set.

Proof. It follows by a similar argument as that given in the proof of Theorem 3.3 of [41].

Theorem 3.23. Let (S, O) be an s-subset of a soft compact and soft submaximal space (Z, 7, O). Then,
C(S,0)AI(S, O) is a finite s-set.

Proof. Since C(S, O)AI(S, O) is an s-closed set, it follows from Lemma 3.22 that it is a discrete s-set.
By the hypothesis of soft compactness, we obtain that C(S, U)AI(S, O) is also a soft compact set.
Hence, C(S, U)AI(S, U) must be a finite s-set.

Corollary 3.24. If (Z,7,O) is a soft compact and soft submaximal space, then the families of s-open
and finite s-open sets are identical.

We conclude this section by looking at the transition of the feature of being a finite s-open set
between soft and classical realms.

Proposition 3.25. If (S, U) is a finite s-open subset of (Z,t,O), then S(a) is a finite open subset of
(Z,7t,) for every a € U.

Proof. It is obvious that S(a) is an open subset of (Z, 7,) for every a € U when (8, U) is a finite
s-open subset of (Z,7,U). It remains to be shown that B(S(a)) is finite. From Proposition 2.13,
(C(S),0) C C(S, V), which automatically means that (B(S), O) is finite. Hence, B(S(a)) is finite, as
required.

The following counterexample is presented to clarify that the inverse direction of Proposition 3.25
need not be correct, in general.
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Example 3.26. Let the real numbers and natural numbers sets (respectively denoted by R and N) be
the universal and parameter sets, respectively. Define an ST T over R with N as follows:

7={D,R, (S:,N) : S;(n) = R for all but finitely many n € N}.

Now, one can remark that an s-set (U, N) defined by
U(l)={l}andforn #1:Un) =R

is not finite s-open in spite of all components being finite open sets.

Proposition 3.27. Let T be extended and (S, U) be an s-subset of (Z,7,O). Then, (S,0) is a finite
s-open set if and only if S(a) is a finite open subset of (Z,1,) for every a € U.

Proof. The necessary part has been shown in the previous proposition. To prove the sufficient part, let
S(a) be a finite open subset of (Z, 7,) for every a € U. Since 7 is extended, it respectively follows from
Theorem 2.15 and Definition 2.14 that the equality relation C(S, U) = (C(S), O) holds, and an s-set
(S),0) € 7 if and only if S(a) € 7, for every a € U. Therefore, an s-set consists of S(a) for all a € U,
i.e., (8,0), is s-open, and (C(S), O)A(S, O) is finite. By the following equalities, we find that B(S, U)
is finite, which ends the proof.

B(S,0)

= ((S,0)A(S,0)
= (C(S),0)A(S,0).

4. Soft interior and closure operators for finite s-open sets

In this section, we put forward some operators that have been inspired by finite s-open and finite
s-closed sets. We document that some topological properties of these operators are missing, to name a
few, the equality between an s-subset and its soft fo-interior (resp., soft fo-closure) operator does not
imply that this s-subset is finite s-open (resp., finite soft closed). We offer some formulas that describe
the interrelations between these operators and build some illustrative examples.

Definition 4.1. Let (S, O) be an s-set in (Z,1,0); the union of all finite s-open subsets which are
contained in (S, U), is defined as the fo-interior operator of (S, U), and it will be denoted by I ;,(S, O).

The next result follows directly from the above definition. The validity of its converse is false in
general, as revealed by the example given after this proposition.

Proposition 4.2. If (S, O) is a finite s-open subset of (Z,1,0), then (S, U) = I,(S, 0).

Example 4.3. In Example 3.15, we showed that {(a, [1, 00)\N), (b, [1, 00)\N)} is not finite s-open. On
the other hand, notice that {(a,[1, 00)\N), (b, [1,00)\N)} = Un{(a, (i,i + 1)),(b,(i,i + 1))}, where
{(a,(i,i + 1)),(b,(i,i + 1))} is finite s-open for each i € N. Hence, {(a,[1,0)\N), (b, [1,00)\N)} =
I;,({(a, [1, 00)\N), (b, [1, 0)\IN)}).
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Proposition 4.2 says that the fo-interior operator does not fulfill a main feature of soft interior
operator; that is, if, for every soft-point z, belonging to (S, U) there exists a finite s-open set (U, U)
such that z, € (U, U) C (S, U), then (S, U) need not be finite s-open.

The following properties of fo-interior operators can be proved easily, so we omit their proofs.

Proposition 4.4. For all s-subsets (S, O), (U, O) of (Z,1,O), we have
I;,(S,0) C I+,(U,U) when (S,0) C (U, O).

Corollary 4.5. Let (S,0) and (U,O) be s-subsets of (Z,7,0). Then 1;,(S,0) U I;{(U,U) C
11,[(S,0) U (U, D)].

The relations of inclusion deduced in the aforementioned results (Proposition 4.4 and Corollary 4.5)
cannot be replaced by equalities, as clarified by the following counterexamples.

Example 4.6. Let (Z,71,0) be an S T-space, where Z = {x,y,z}, U = {a,b, c}, and the members of T
are the null and absolute s-sets and the following s-sets:

(S,0) ={(a,2),(b,0),(c,0)} and (U, V) = {(a,0), (b, Z), (c,Z)}.

Take the s-sets as (H,U) = {(a, 0), (b, Z), (c,0)} and (K, U) = {(a, D), (b, D), (c,Z)}. Then, I7,(H, V) =
I;,(K,U) = @ in spite of (H,U) and (K, U) being independent of each other with respect to the
inclusion relation. Moreover,

I;(,(H,O) Ul (K, 0) =0,

whereas

Proposition 4.7. Let (S,0) and (U,O) be s-subsets of (Z,7,0). Then 14[(S,0) N (U,0)] =
I;,(S,0)n 1 (U,D).

Proof. The side I,[(S,0) N (U,0U)] C I;(S,0) 1 I;,(U,U) follows from Proposition 4.4. The
converse side can be obtained from Corollary 3.11.

Now, we go into fo-closure operators, which are considered as the dual of fo-interior operators.

Definition 4.8. Let (S,U) be an s-set in (Z,7,0); the intersection of all finite s-closed subsets
containing (S, O) is defined as the fo-closure operator of (S, O), and it will be denoted by C,(S, O).

Proposition 4.9. Suppose that there exists an s-subset (S, 0O) of (Z,7,0) and z, € Z. Then, z, €
Cso(S,0) if and only if (U, V) N (S, V) # O for each finite s-open set (U, U) containing z,.

Proof. Necessity: Let z, € Cy,(S,U) and (U, O) be a finite s-open set such that z, € (U, V). Suppose
that (U, 0) N (S, V) = ®. Now, we have that (S, 0) C (U, O). It follows that Cy,(S,U) C (U, D).
But, this contradicts that z, € C,(S,U). Hence, the intersection of (U, U) and (S, U) must be the
non-null s-set.

Sufficiency: Let us consider that the sufficient part holds. Suppose, to the contrary, that z, ¢ C,(S, O).
This means that we can find a finite s-closed set (H,U) containing (U, U) such that z, ¢ (H,O).
Accordingly, we have (H¢, U) as a finite s-open set containing z, and its intersection with (S, U) is the
null s-set. This is a contradiction. Hence, we demonstrate that z, € C,(S, O).
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Corollary 4.10. Let (S,O) be a finite s-open set and (U, V) an s-set in (Z,7,0). Then, (S,0) M
(U, 0) = ® implies that (S,0) N Cro(U, V) = ®. Moreover, if (S,0) and (U, V) are finite s-open
sets, then C,(S,0) M Co(U, V) = .

Proposition 4.11. If (S, O) is an s-subset of (Z, t, O), then, the following holds:
(i) If (S, 0) is a finite s-closed set, then (S, U) = C,(S, V).
(i) [17,(S,0)]° = Cr,(S°,0) and [Cyo(S, V)] = I7,(S¢, ).
Proof. (1): It is straightforward.
(i1):
[L7,(S,0)]
= [Ujes(H;,0) 1 (H;,0) E (S, U) where (H, U) is a finite s-open set]
= [Mjes,(H;,0) : (85, 0) C (H;, U) where (H;, V) is a finite s-closed set]
= Cy,(S8°,0).

Proposition 4.12. Let (S, O) be an s-subset of (Z, 7, U). Then, Cs,(S, V) C Cs(U, V) when (S,0) C
(U, 0).

Proof. Owing to the fact that every finite s-closed set contains (U, U) is also contains (S, U), the proof
is completed.

Corollary 4.13. Let (S, O) and (U, O) be s-subsets (Z, 7, O). Then, C,[(S, O)I(U, V)] C Cs(S, V)N
Cfo(q/la U)

By Example 4.6, it can be confirmed that the inclusion relations deduced in Proposition 4.12 and
Corollary 4.13 cannot be replaced by equalities.

Proposition 4.14. Let (S,0) and (U,O) be s-subsets of (Z,7,0). Then, C[(S,0) U (U,V)] =
Co(S,0)uCy(U,O).

Proof. The side Cy,(S,U) U Cr(U, V) C Cp,l(S,0) U (U, V)] follows from Proposition 4.12. The
converse side can be obtained from Corollary 3.11.

Definition 4.15. Let (S, O) be an s-subset of (Z,7,0). The complement of I7,(S,U) U I;,(S°,0) is
said to be an fo-boundary of (S, O); it will be denoted by B,(S, U).

Proposition 4.16. Let (S, O) be an s-subset of (Z, 1, O). Then,
B,(S,0) = Co(S,0) N Cr,o (S, 0).

Proof. By,(S,0) = [I£,(S,0) U I(S,0)]
= [Io(S,0)]° M [L1,(S°,0)]° (De Morgan’s law)
= C,(8°,0) N Cs(S,0). (Proposition 4.11 (ii))

Corollary 4.17. Let (S, O) be an s-subset of (Z, 1, O). Then, the following holds:
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(i) Bf()(S, 0) = Bfo(SC’ 0).
(i) B,(S,0) = Cro(S, V)A I (S, ).
(iii) C,(S,0) =14,(S,0)U By, (S,0).
(iv) 1;,(S,0) = (S,0)A B;,(S,0).
Proof. (1): It is straightforward.
(i): B¢,(S,0) = C5(S,0) M Cro(S,0) = Cpo(S,0)A [C,o(S°, V). By (ii) of Proposition 4.11, the
required relation is obtained.
(iii): 17,(S,0) U Bo(S,0) =14,(S,0) U [Cro(S,0)A I1,(S,0)] = Cr0(S,0).
(iv): (S, 0)A B;,(S,0) = (S,0)A [C;o(S, 0)A I£,(S,0)]
= (S,0) M [Cr(S, V) N T 1o(S, V)]
= (S, 0) N(C(S,0) U I(S,0)]
= [(S,0) N (Cro(S, V) TUIS, V) M L1,(S, V)]
= I7,(S,0).

Note that B,(S, U) need not be a finite s-closed set.
From (i1) of Corollary 4.17, the proof of the next proposition follows.

Proposition 4.18. The next formula holds for any s-subset (S, O) of (Z, 1, O):
By,(I17,(S,0)) U B, (Cro(S,V)) E Byo(S, V).

The inclusion relation of Proposition 4.18 cannot be replaced by an equality, as demonstrated by
the following example.

Example 4.19. Let (S, 0) = {(a, Q), (b, Q)} be an s-subset an S T-space (Z, 7, U) provided in Example
3.15. Then, B,(17,(S,0)) U B,(Cso(S,V)) = O, whereas B, (S, V) = {(a,R), (b, R)}.

Proposition 4.20. Let (S, O) be an s-subset of (Z, 1, O).
(i) If (S, O) is a finite s-open set, then B,(S, U) M (S, V) = d.
(i) If (S, 0) of (Z, 7,0) is a finite s-closed set, then B,(S, U) C (S, O).

Proof. (1). Since (S, U) is finite s-open, then by (iv) of Corollary 4.17, we get that I;,(S, U) = (S, 0) =
(S, 0)ABy,(S,0U). Thus, B£,(S,0) N (S,0) = D.

(ii). Obviously, B,(S,U) = C¢,(S, V) M Cs(S°, 0) E C,(S, V). Since (S, 0) is finite s-closed, we
obtain the proof.

Corollary 4.21. If (S, O) is a finite soft-clopen subset of an S T-space, then B,(S,U) = .

Definition 4.22. Letr (S,O) be an s-subset of an ST-space (Z,1,0); the union of soft points z,
satisfying that

[(U,D)\z,] U (S, V) # O for each finite s-open set containing z,

is said to be an fo-derived operator of (S, U); it will be denoted by L,(S, U).
The following properties of fo-derived operators can be proved easily, so we omit their proofs.

AIMS Mathematics Volume 9, Issue 4, 10363-10385.



10378

Proposition 4.23. Let (S, O) and (U, O) be s-subsets of an S T-space (Z, 1, O). Then (S,0) C (U, U)
implies that L,(S,U) C Ly,(U, D).

Corollary 4.24. Let (S,0) and (U,O) be s-subsets of an ST-space (Z,7,U). Then L,[(S,U) N
(U, O)] E Lyo(S,0) 1 Lyo(U, ).

Proposition 4.25. Let (S,0) and (U, O) be s-subsets of (Z,7,0). Then L,[(S,0) U (U, V)] =
L;,(S,0) U Ly, (U, ).

Proof. The side L,[(S,U) U (U, V)] C Ls(S,0) U Ls(U,O) follows from Proposition 4.23. The
converse side can be obtained from Corollary 3.11.

Theorem 4.26. Let (S, U) be an s-subset of an S T-space (Z, 1, O).
(i) If (S, U) is a finite s-closed set, then L,(S, U) C (S, ).
(i) Cr,(S,0) = (S, V) U Lys(S,0).

Proof. (1): Assume that (S, O) is a finite s-closed set and z, ¢ (S, U). Then, z, € (S, U)° which is
a finite s-open set. From the fact that (S, 0)° 1 (S,U) = @, we obtain that z, ¢ L(S,U). Thus,
L;(S,0) C (S,0).

(ii): Let z, ¢ [(S,0) U L¢,(S,0)]. Then z, ¢ (S,0) and z, ¢ Ls,(S, U). Therefore, there is a finite
s-open set (U, U) containing z, with (U, U) 1 (S, V) = ®@. Thus, C,(S, V) C (S,V) U Ls(S,0). On
the other hand, it is well known that (S, U) U L¢,(S,U) C C,(S, O).

5. Soft fo-continuous functions

Here, we will discuss novel kinds of soft continuous functions and establish their fundamentals.
Main characterizations will be provided and the behaviors under decomposition theorems will be
scrutinized. With the help of counterexamples, we will describe the transition of these types between
realms of soft topologies and classical topologies as well as explain the role of extended soft topologies
to guarantee this movement between these realms.

Definition 5.1. A soft function E; : (Z,7,0) — (X,u,O) is said to be soft ff-continuous (resp.,
soft of-continuous, soft fo-continuous) if the inverse image of each finite s-open (resp., finite s-open,
s-open) subset is finite s-open (resp., s-open, finite s-open).

Proposition 5.2. (i) A soft fo-continuous function is soft f f-continuous.
(ii) A soft f f-continuous function is soft o f-continuous.

It is not necessary for the above proposition’s converse to be true. The example which follows
illustrates it.

Example 5.3. Suppose that we have S T-spaces (R, v, O), (R, u, O) and (Z, 1, O) such that R is the set
of real numbers, Z. = {y, z}, O = {a, b, ¢} and the soft topologies v, u over R with O and t over Z with
O are given by
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v={R,(S,U)CR: 1€ (S,U) uU{dl,
u=1{0,R, (U, V) = {(a{1}), (b,{1}), (c, {1}}}, and
7= {®,Z,(U,V) = {(a,{z}), (b, {z}), (c, {z)}}.

Take soft functions C; : (R,v,U) — (R, u, 0) and E; : (R, i, U) — (Z, 7, U) such that the functions
C:R—>Randé: U — U are identities and E : R — Z is given by

E(1) = z and for each r # 1 we have E(r) = y.

Then, C; and E; are soft f f-continuous and soft of-continuous, respectively. In contrast, neither
C; is soft fo-continuous nor E; is soft f f-continuous.

Proposition 5.4. The soft ff-continuity and soft of-continuity are identical under an injective
condition.

Proof. By Proposition 3.5, we get the identity between them.
Some descriptions for these sorts of soft continuity are presented in the following proposition.

Proposition 5.5. Let E; : (Z,7,0) — (X, u, O) be a soft function. Then, the following holds:

(i) If E; is soft f f-continuous, then, for every z, € Z and every finite s-open subset (S, U) containing
E¢(z,), there is a finite s-open set (U, U) containing z, with E(U, U) C (S, ).

(ii) If E; is soft of-continuous, then, for every z, € Z and every finite s-open set (S, U) containing
E¢(z,), there is an s-open set (U, U) containing z, with E;(U, U) C (S, U).

(iii) If E, is soft fo-continuous, then, for every z, € Z and every s-open set (S, U) containing E.(z,),
there is a finite s-open set (U, U) containing z, with E(U, U) C (S, U).

Proof. We prove (i) and one can prove the other cases by following similar arguments.
Let z, € Z and (S, U) be a finite s-open set containing E,(z,). Since Egl(S, 0U) is a finite s-open set
containing z,, there is a finite s-open set (U, U) containing z, with E.(U, U) C (S, ).

The composition theorem for these soft continuity types are exhibited in the following result.
Proposition 5.6. Let Co : (X,v,0) = (Y, w,0) and E; : (Z,7,0) — (X, u, O) be soft functions. Then,

(i) If E; and Cy are soft f f-continuous (resp., soft fo-continuous), then C¢, o E; is soft f f-continuous
(resp., soft fo-continuous), too.

(ii) If E; is soft ff-continuous and Cy is soft fo-continuous, then Cgy o E; is soft fo-continuous.

(iii) If E; is soft fo-continuous (resp., soft of-continuous) and Cy is soft of-continuous (resp., soft
o-continuous), then Cg o E; is so -continuous (resp., soft continuous).
t ), then Cg o E; ft t (resp., soft cont )

Proof. It is straightforward.
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Note that the decomposition of soft of-continuous functions need not be a soft of-continuous
function.

Now, we will derive some characterizations of soft f f-continuity, soft fo-continuity, and soft of-
continuity.

Proposition 5.7. Let E; : (Z,7,0) — (X,u,O) be a soft function. Then, E; is soft ff-continuous
(resp., soft fo-continuous, soft of-continuous) if and only if the pre-image of every finite s-closed
(resp., s-closed, finite s-closed) subset is finite s-closed (resp., finite s-closed, s-closed).

The next theorems and counterexamples will describe the transitions of these soft continuity types
in the realms of soft and crisp topologies.

Theorem 5.8. IfE; : (Z,7,0) — (X, u, O) is a soft fo-continuous function, thenE : (Z,7,) — (X, tgw))
is an fo-continuous function.

Proof. Let U be an open subset of (X, tz,)). Then, there is an s-open subset (S, U) of (X, u, U) such
that S(é(a)) = U. By the hypothesis, E; is soft fo-continuous, so Egl(S, U) is a finite s-open set. It
follows from Proposition 3.25 that each component of Es;‘ (S, 0) is a finite open set. We remark that an
s-subset Egl(S, ) = (K, V) of (Z, 7, V) is calculated by applying K(a) = E~!(S(£(a))) for each a € U.
Accordingly, we obtain that E~!(S(£(a))) = E™!(U) is finite open. Hence, we show the fo-continuity
of E: (Z,1,) = (X, teqa))-

In general, the converse of Theorem 5.8 fails, as the next counterexample illustrates.

Example 5.9. Ler U = {a,b,c} and t = {®,Z,(S,V)}, u = {®,Z,(U,V)} be soft topologies on
Z ={y, z}, where

(8,0) = {(a,{z}), (b,2), (c,{z})}, and
(U, 0) = {(a,0),(b,Z), (c,{z})}.

Consider the following identity functions ¢ : U — U and E : Z — Z. Then, E : (Z,7,) —
(Z, pe@y=a), E © (Z, 1) = (X, ftewy=p) and E : (Z,7.) — (Z, pgey=c) are fo-continuous. On the other
hand, E; : (Z,7,0) — (Z,u, U) is not a soft fo-continuous function because E;l((u ,0)=(U,0) ¢r.

Theorem 5.10. Let T be an extended soft topology on Z with O. Then, E; : (Z,7,0) — (X, u, O) is soft
fo-continuous if and only if E : (Z,7,) = (X, tz@) is fo-continuous for every parameter of O.

Proof. In Theorem 5.8, we proved the necessary part.

To clarify the sufficiency, consider (S, U) as an s-open subset of (X, u, U). Clearly, a soft subset
Egl(S, U) = (K,0) of (Z,7,0) is given by K(a) = E~'(S(&(a))) for each a € U. Since E is fo-
continuous, E~'(S(&£(a))) is a finite open subset of (Z,7,). Since a soft topology T is extended, so we
obtain that E";I(S, 0) is a finite s-open subset of (Z, 7, U) by Proposition 3.27. This ends the proof that
E; is soft fo-continuous.

Theorem 5.11. Let T be an extended soft topology on Z with O. Then, B, : (Z,7,0) — (X, u, O) is soft
f f-continuous (resp., soft of-continuous) if and only if E : (Z,7,) — (X, gw) is f f-continuous (resp.,
o f-continuous) for every parameter of O.
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Proof. We prove the theorem in the case of soft f f-continuity and f f-continuity. One may follow a
similar technique to demonstrate the case between brackets.

Necessity: Let U be a finite open subset of (X, ug,)). Then by Proposition 3.27, there is a finite s-
open subset (S, U) of (X, u, U) such that S(£(a)) = U. By the hypothesis, E; is soft f f-continuous, so
Egl(S, U) is a finite s-open set. Again by Proposition 3.25, we get that each component of Egl(S, 0)
is a finite open set. Accordingly, we obtain that E~!(S(£(a))) = E~'(U) is finite open. Hence, E :
(Z,72) = (X, gy 18 ff-continuous, as required.

Sufficiency: Take an arbitrary finite s-open subset (S, U) of (X,u, U). Clearly, a soft subset
Eéj](S, V) = (K,0) of (Z,7,0) is given by K(a) = E~(S(&(a))) for each a € U. Since E is ff-
continuous, E™'(S(&(a))) is a finite open subset of (Z,1,). Since a soft topology 7 is extended, so by
Proposition 3.27, Egl(S, 0) is a finite s-open subset of (Z,7,U). Thus, E; : (Z,7,0) — (X,u, O) is
soft f f-continuous.

6. Conclusions and future work

Topology and its uncertain versions like soft topology are vital tools to address many impediments
that we face in different situations of our life [16-20]. The s-open sets are the unit of building soft
topology, so expanding or restricting this unit creates novel frames of study and is sometimes useful to
deal with the phenomena under consideration. So, different forms of s-open sets deserve further and
deeper investigation.

In the current work, we have introduced the concept of finite s-open sets as a subclass that strictly
lies between the classes of soft-clopen and s-open sets. We have demonstrated that this class has unique
features that differ from the well-known extensions of s-open sets; for instance, it constitutes an infra
soft topology and fails to be a supra soft topology. We have elucidated the connections between the
current class and other known generalizations of s-open sets and determined under which conditions
they are equivalent. Also, we have defined the concepts of soft fo-interior and fo-closure operators
and showed that these operators maintain the distributive properties of soft unions and intersections,
respectively. Ultimately, we have discussed some types of soft continuity that have been inspired by
finite s-open sets and described their main characterizations. The sufficient conditions that are required
to navigate these types of soft continuity from soft topologies to classical topologies and vice versa
have been provided. We have presented numerous interesting examples that illustrate the implications
of the obtained findings and interrelations.

Last but not least, as it is well known that topological operators and generalizations of open sets
are alternative tools to describe the approximation operators of subsets and heighten their accuracy
measures, one of the main focuses of future work is to look at how the proposed class can be applied
to information systems to select the optimal choice and make an accurate decision. Also, we plan to
familiarize other topological concepts using the class of finite s-open sets, such as soft regularity and
normality spaces, soft covering properties, soft connectedness, etc. Moreover, we shall study the ideas
discussed here within the context of infra soft topologies [14] and supra soft topologies [23].

Use of AI tools declaration

The authors declare they have not used Artificial Intelligence (AI) tools in the creation of this article.

AIMS Mathematics Volume 9, Issue 4, 10363-10385.



10382

Acknowledgments

The authors extend their appreciation to the Deanship of Scientific Research at Northern Border
University, Arar, KSA for funding this research work through the project number “NBU-FFR-2024-
2727-02”.

The authors are also grateful to Middle East University, Amman, Jordan for the financial support
granted to cover the publication fee of this research article.

Conflict of interest

The authors declare that they have no competing interest.

References

1. A. M. Abd El-latif, Novel types of supra soft operators via supra soft sd-sets and applications,
AIMS Mathematics, 9 (2024), 6586—6602. https://doi.org/10.3934/math.2024321

2. A. M. Abd El-latif, M. H. Algahtani, Novel categories of supra soft continuous maps via new soft
operators, AIMS Mathematic, 9 (2024), 7449-7470. https://doi.org/10.3934/math.2024361

3. A. M. Abd El-latif, M. H. Alqahtani, New soft operators related to supra soft d;-open sets and
applications, AIMS Mathematics, 9 (2024), 3076-3096. https://doi.org/10.3934/math.2024150

4. D. Abuzaid, S. A. Ghour, Three new soft separation axioms in soft topological spaces, AIMS
Mathematics, 9 (2024), 4632-4648. https://doi.org/10.3934/math.2024223

5. J. C. R. Alcantud, Soft open bases and a novel construction of soft topologies from bases for
topologies, Mathematics, 8 (2020), 672. https://doi.org/10.3390/math8050672

6. J. C. R. Alcantud, The semantics of N-soft sets, their applications, and a coda about three-way
decision, Inform. Sciences, 606 (2022), 837-852. https://doi.org/10.1016/j.ins.2022.05.084

7. J. C. R. Alcantud, A. Z. Khameneh, G. Santos-Garcia, M. Akram, A systematic literature review
of soft set theory, Neural Comput. Applic., (2024). https://doi.org/10.1007/s00521-024-09552-x

8. M. Akdag, A. Ozkan, Soft a-open sets and soft a-continuous functions, Abstr. Appl. Anal., 2014
(2014), 891341, https://doi.org/10.1155/2014/891341

9. S. Al Ghour, Boolean algebra of soft Q-sets in soft topological spaces, Appl. Comput. Intell. S.,
2022 (2022), 5200590. https://doi.org/10.1155/2022/5200590

10. M. I. Ali, F. Feng, X. Y. Liu, W. K. Min, M. Shabir, On some new operations in soft set theory,
Comput. Math. Appl., 57 (2009), 1547-1553. https://doi.org/10.1016/j.camwa.2008.11.009

11. H. H. Al-jarrah, A. Rawshdeh, T. M. Al-shami, On soft compact and soft Lindel6f spaces via soft
regular closed sets, Afr. Mat., 33 (2022), 23. https://doi.org/10.1007/s13370-021-00952-z

12. T. M. Al-shami, Soft somewhere dense sets on soft topological spaces, Commun. Korean Math. S.,
33 (2018), 1341-1356. https://doi.org/10.4134/CKMS.c170378

13. T. M. Al-shami, Comments on some results related to soft separation axioms, Afr. Mat., 31 (2020),
1105-1119. https://doi.org/10.1007/s13370-020-00783-4

AIMS Mathematics Volume 9, Issue 4, 10363-10385.


http://dx.doi.org/https://doi.org/10.3934/math.2024321
http://dx.doi.org/https://doi.org/10.3934/math.2024361
http://dx.doi.org/https://doi.org/10.3934/math.2024150
http://dx.doi.org/https://doi.org/10.3934/math.2024223
http://dx.doi.org/https://doi.org/10.3390/math8050672
http://dx.doi.org/https://doi.org/10.1016/j.ins.2022.05.084
http://dx.doi.org/https://doi.org/10.1007/s00521-024-09552-x
http://dx.doi.org/https://doi.org/10.1155/2014/891341
http://dx.doi.org/https://doi.org/10.1155/2022/5200590
http://dx.doi.org/https://doi.org/10.1016/j.camwa.2008.11.009
http://dx.doi.org/https://doi.org/10.1007/s13370-021-00952-z
http://dx.doi.org/https://doi.org/10.4134/CKMS.c170378
http://dx.doi.org/https://doi.org/10.1007/s13370-020-00783-4

10383

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

T. M. Al-shami, New soft structure: Infra soft topological spaces, Math. Probl. Eng., 2021 (2021),
3361604. https://doi.org/10.1155/2021/3361604

T. M. Al-shami, Homeomorphism and quotient mappings in infra soft topological spaces, J. Math.,
2021 (2021), 3388288. https://doi.org/10.1155/2021/3388288

T. M. Al-shami, Improvement of the approximations and accuracy measure of a rough set using
somewhere dense sets, Soft Comput., 25 (2021), 14449-14460. https://doi.org/10.1007/s00500-
021-06358-0

T. M. Al-shami, Topological approach to generate new rough set models, Complex Intell. Syst., 8
(2022), 4101-4113. https://doi.org/10.1007/s40747-022-00704-x

T. M. Al-shami, Compactness on soft topological ordered spaces and its application on the
information system, J. Math., 2021 (2021), 6699092. https://doi.org/10.1155/2021/6699092

T. M. Al-shami, On soft separation axioms and their applications on decision-making problem,
Math. Probl. Eng., 2021 (2021), 8876978. https://doi.org/10.1155/2021/8876978

T. M. Al-shami, Soft somewhat open sets: Soft separation axioms and medical application to
nutrition, Comp. Appl. Math., 41 (2022), 216. https://doi.org/10.1007/s40314-022-01919-x

T. M. Al-shami, J. C. R. Alcantud, A. A. Azzam, Two new families of supra-
soft topological spaces defined by separation axioms, Mathematics, 10 (2022), 4488.
https://doi.org/10.3390/math 10234488

T. M. Al-shami, M. Arar, R. Abu-Gadiri, Z. A. Ameen, On weakly soft S-open sets and weakly soft
B-continuity, J. Intell. Fuzzy Syst., 45 (2023), 6351-6363. https://doi.org/10.3233/JIFS-230858

T. M. Al-shami, M. E. El-Shafei, On supra soft topological ordered spaces, Arab Journal of Basic
and Applied Sciences, 26 (2019), 433-445. https://doi.org/10.1080/25765299.2019.1664101

T. M. Al-shami, M. E. El-Shafei, T-soft equality relation, Turk. J. Math., 44 (2020), 1427-1441.
https://doi.org/10.3906/mat-2005-117

T. M. Al-shami, R. A. Hosny, R. Abu-Gadiri, M. Arar, A novel approach to study soft
preopen sets inspired by classical topologies, J. Intell. Fuzzy Syst., 45 (2023), 6339-6350.
https://doi.org/10.3233/JIFS-230191

T. M. Al-shami, R. A. Hosny, A. Mhemdi, R. Abu-Gadiri, S. Saleh, Weakly soft b-open sets and
their usages via soft topologies: A novel approach, J. Intell. Fuzzy Syst., 45 (2023), 7727-7738.
https://doi.org/10.3233/JIFS-230436

T. M. Al-shami, L. D. R. Kocinac, Almost soft Menger and weakly soft Menger spaces, Appl.
Comput. Math., 21 (2022), 35-51. https://doi.org/10.30546/1683-6154.21.1.2022.35

T. M. Al-shami, L. D. R. Ko¢inac, Nearly soft Menger spaces, J. Math., 2020 (2020), 3807418.
https://doi.org/10.1155/2020/3807418

T. M. Al-shami, L. D. R. Koc¢inac, The equivalence between the enriched and extended soft
topologies, Appl. Comput. Math., 18 (2019), 149-162.

T. M. Al-shami, A. Mhemdi, On soft parametric somewhat-open sets and applications via soft
topologies, Heliyon, 9 (2023), e21472. https://doi.org/10.1016/j.heliyon.2023.e21472

AIMS Mathematics Volume 9, Issue 4, 10363-10385.


http://dx.doi.org/https://doi.org/10.1155/2021/3361604
http://dx.doi.org/https://doi.org/10.1155/2021/3388288
http://dx.doi.org/https://doi.org/10.1007/s00500-021-06358-0
http://dx.doi.org/https://doi.org/10.1007/s00500-021-06358-0
http://dx.doi.org/https://doi.org/10.1007/s40747-022-00704-x
http://dx.doi.org/https://doi.org/10.1155/2021/6699092
http://dx.doi.org/https://doi.org/10.1155/2021/8876978
http://dx.doi.org/https://doi.org/10.1007/s40314-022-01919-x
http://dx.doi.org/https://doi.org/10.3390/math10234488
http://dx.doi.org/https://doi.org/10.3233/JIFS-230858
http://dx.doi.org/https://doi.org/10.1080/25765299.2019.1664101
http://dx.doi.org/https://doi.org/10.3906/mat-2005-117
http://dx.doi.org/https://doi.org/10.3233/JIFS-230191
http://dx.doi.org/https://doi.org/10.3233/JIFS-230436
http://dx.doi.org/https://doi.org/10.30546/1683-6154.21.1.2022.35
http://dx.doi.org/https://doi.org/10.1155/2020/3807418
http://dx.doi.org/https://doi.org/10.1016/j.heliyon.2023.e21472

10384

31. T. M. Al-shami, A. Mhemdi, A weak form of soft @-open sets and its applications via soft
topologies, AIMS Mathematics, 8 (2023), 11373-11396. https://doi.org/10.3934/math.2023576

32. T. M. Al-shami, A. Mhemdi, R. Abu-Gdairi, A novel framework for generalizations of
soft open sets and its applications via soft topologies, Mathematics, 11 (2023), 840.
https://doi.org/10.3390/math 11040840 .

33. T. M. Al-shami, A. Mhemdi, R. Abu-Gdairi, M. E. El-Shafei, Compactness and connectedness
via the class of soft somewhat-open sets, AIMS Mathematics, 8 (2023), 815-840.
https://doi.org/10.3934/math.2023040

34. T. M. Al-shami, A. Mhemdi, A. A. Rawshdeh, H. H. Al-jarrah, Soft version of compact and
Lindelof spaces using soft somewhere dense sets, AIMS Mathematics, 6 (2021), 8064—8077.
https://doi.org/10.3934/math.2021468

35. T. M. Al-shami, A. Mhemdi, A. Rawshdeh and H. Al-jarrah, On weakly soft somewhat open sets,
Rocky Mountain J. Math., 54 (2024), 13-30, https://doi.org/10.1216/rmj.2024.54.13

36. B. A. Asaad, Results on soft extremally disconnectedness of soft topological spaces, J. Math.
Comput. Sci., 17 (2017), 448—464. https://doi.org/10.22436/jmcs.017.04.02

37. A. Aygiinoglu, H. Aygiin, Some notes on soft topological spaces, Neural Comput. Applic., 21
(2012), 113-119. https://doi.org/10.1007/s00521-011-0722-3

38. A. A. Azzam, Z. A. Ameen, T. M. Al-shami, M. E. El-Shafei, Generating soft topologies via soft
set operators, Symmetry, 14 (2022), 914. https://doi.org/10.3390/sym 14050914

39. B. Chen, Soft semi-open sets and related properties in soft topological spaces, Appl. Math. Inform.
Sci., 7 (2013), 287-294. http://doi.org/10.12785/amis/070136

40. O. Dalkili¢, N. Demirtas, Algorithms for Covid-19 outbreak using soft set theory: estimation and
application, Soft Comput., 27 (2023), 3203-3211. https://doi.org/10.1007/s00500-022-07519-5

41.J. Dontchev, On submaximal spaces, Tamkang J. Math., 26 (1995), 243-250.
https://doi.org/10.5556/j.tkjm.26.1995.4402

42. M. E. El-Shafei, M. Abo-Elhamayel, T. M. Al-shami, Partial soft separation axioms and soft
compact spaces, Filomat, 32 (2018), 4755-4771. https://doi.org/10.2298/FIL1813755E

43. S. A. El-Sheikh, R. A. Hosny, A. M. A. El-latif, Characterizations of b-soft separation axioms in
soft topological spaces, Inf. Sci. Lett., 4 (2015), 125-133.

44. F. Feng, C. X. Li, B. Davvaz, M. 1. Ali, Soft sets combined with fuzzy sets and rough sets:
A tentative approach, Soft Comput., 14 (2010), 899-911. https://doi.org/10.1007/s00500-009-
0465-6

45. K. Hayat, M. 1. Ali, F. Karaaslan, B. Y. Cao, M. H. Shah, Design concept evaluation using soft

sets based on acceptable and satisfactory levels: an integrated TOPSIS and Shannon entropy, Soft
Comput., 24 (2020), 2229-2263. https://doi.org/10.1007/s00500-019-04055-7

46. K. Hayat, B. Y. Cao, M. I. Ali, F. Karaaslan, Z. Qin, Characterizations of certain types of type 2 soft
graphs, Discrete Dyn. Nat. Soc., 2018 (2018), 8535703. https://doi.org/10.1155/2018/8535703

47.T. Hida, A comprasion of two formulations of soft compactness, Ann. Fuzzy Math. Inform., 8
(2014), 511-525.

AIMS Mathematics Volume 9, Issue 4, 10363-10385.


http://dx.doi.org/https://doi.org/10.3934/math.2023576
http://dx.doi.org/https://doi.org/10.3390/math11040840
http://dx.doi.org/https://doi.org/10.3934/math.2023040
http://dx.doi.org/https://doi.org/10.3934/math.2021468
http://dx.doi.org/https://doi.org/10.1216/rmj.2024.54.13
http://dx.doi.org/https://doi.org/10.22436/jmcs.017.04.02
http://dx.doi.org/https://doi.org/10.1007/s00521-011-0722-3
http://dx.doi.org/https://doi.org/10.3390/sym14050914
http://dx.doi.org/http://doi.org/10.12785/amis/070136
http://dx.doi.org/https://doi.org/10.1007/s00500-022-07519-5
http://dx.doi.org/https://doi.org/10.5556/j.tkjm.26.1995.4402
http://dx.doi.org/https://doi.org/10.2298/FIL1813755E
http://dx.doi.org/https://doi.org/10.1007/s00500-009-0465-6
http://dx.doi.org/https://doi.org/10.1007/s00500-009-0465-6
http://dx.doi.org/https://doi.org/10.1007/s00500-019-04055-7
http://dx.doi.org/https://doi.org/10.1155/2018/8535703

10385

48

49.

50.

51.

52.

53.

54.

55.

56.

57.

38.

59.

60.

61.

62.

63.

64.

@ AIMS Press

. A. Kandil, O. A. E. Tantawy, S. A. El-Sheikh, A. M. A. El-latif, Soft semi separation axioms and
some types of soft functions, Ann. Fuzzy Math. Inform., 8 (2014), 305-318.

A. Kharal, B. Ahmad, Mappings on soft classes, New Math. Nat. Comput., 7 (2011), 471-481.
https://doi.org/10.1142/S1793005711002025

M. Kirisci, Q-soft sets and medical decision-making application, Int. J. Comput. Math., 98 (2021),
690-704 . https://doi.org/10.1080/00207160.2020.1777404

L. D. R. Koc¢inac, T. M. Al-shami, V. Cetkin, Selection principles in the context of soft sets: Menger
spaces, Soft Comput., 25 (2021), 12693-12702. https://doi.org/10.1007/s00500-021-06069-6

P. K. Maji, A. R. Roy, R. Biswas, An application of soft sets in a decision making problem, Comput.
Math. Appl., 44 (2002), 1077-1083. https://doi.org/10.1016/S0898-1221(02)00216-X

P. K. Maji, R. Biswas, A. R. Roy, Soft set theory, Comput. Math. Appl., 45 (2003), 555-562.
https://doi.org/10.1016/S0898-1221(03)00016-6

W. K. Min, A note on soft topological spaces, Comput. Math. Appl., 62 (2011), 3524-3528.
https://doi.org/10.1016/j.camwa.2011.08.068

D. Molodtsov, Soft set theory-first results, Comput. Math. Appl., 37 (1999), 19-31.
https://doi.org/10.1016/S0898-1221(99)00056-5

S. Nazmul, S. K. Samanta, Neighbourhood properties of soft topological spaces, Ann. Fuzzy Math.
Inform., 6 (2013), 1-15.

S. K. Nazmul, S. K. Samanta, Some properties of soft topologies and group soft topologies, Ann.
Fuzzy Math. Inform., 8 (2014), 645-661.

E. Peyghan, B. Samadi, A. Tayebi, About soft topological paces, 2012, arXiv:1202.1668.
https://doi.org/10.48550/arXiv.1202.1668

A. A. Rawshdeh, H. H. Al-jarrah, T. M. Al-shami, Soft expandable spaces, Filomat, 37 (2023),
2845-2858. https://doi.org/10.2298/FIL2309845R

M. Shabir, M. Naz, On soft topological spaces, Comput. Math. Appl., 61 (2011), 1786—-1799.
https://doi.org/10.1016/j.camwa.2011.02.006

A. Singh, N. S. Noorie, Remarks on soft axioms, Ann. Fuzzy Math. Inform., 14 (2017), 503-513.
https://doi.org/10.30948/afmi.2017.14.5.503

H. L. Yang, X. Liao, S. G. Li, On soft continuous mappings and soft
connectedness of soft topological spaces, Hacet. J. Math. Stat., 44 (2015), 385-398.
https://doi.org/10.15672/HIMS.2015459876

I. Zorlutuna, M. Akdag, W. K. Min, S. Atmaca, Remarks on soft topological spaces, Ann. Fuzzy
Math. Inform., 3 (2012), 171-185.

I. Zorlutuna, H. Cakir, On continuity of soft mappings, Appl. Math. Inform. Sci., 9 (2015), 403—
409. https://doi.org/10.12785/amis/090147

©2024 the Author(s), licensee AIMS Press. This
is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 9, Issue 4, 10363-10385.


http://dx.doi.org/https://doi.org/10.1142/S1793005711002025
http://dx.doi.org/https://doi.org/10.1080/00207160.2020.1777404
http://dx.doi.org/https://doi.org/10.1007/s00500-021-06069-6
http://dx.doi.org/https://doi.org/10.1016/S0898-1221(02)00216-X
http://dx.doi.org/https://doi.org/10.1016/S0898-1221(03)00016-6
http://dx.doi.org/https://doi.org/10.1016/j.camwa.2011.08.068
http://dx.doi.org/https://doi.org/10.1016/S0898-1221(99)00056-5
http://dx.doi.org/https://doi.org/10.48550/arXiv.1202.1668
http://dx.doi.org/https://doi.org/10.2298/FIL2309845R
http://dx.doi.org/https://doi.org/10.1016/j.camwa.2011.02.006
http://dx.doi.org/https://doi.org/10.30948/afmi.2017.14.5.503
http://dx.doi.org/https://doi.org/10.15672/HJMS.2015459876
http://dx.doi.org/https://doi.org/10.12785/amis/090147
http://creativecommons.org/licenses/by/4.0

	Introduction
	Fundamentals of soft sets and soft topologies
	Soft set theory
	Soft topology

	Finite s-open sets
	Soft interior and closure operators for finite s-open sets
	Soft fo-continuous functions
	Conclusions and future work

