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Abstract

In this paper, we introduce soft A-sets and soft B-sets in soft topological spaces which are defined over
an initial universe with a fixed set of parameters and discuss their relationships with each other and
other soft open sets like soft semiopen sets, soft preopen sets and soft a-open sets with the help of
counterexamples. We also introduce the concepts of soft A-continuous functions and soft B-continuous
functions. Finally, we obtain decompositions of soft continuity: f, is a soft continuous function if and
only if it is both soft a-continuous and soft A-continuous and also f,,, is a soft continuous function if
and only if it is both soft precontinuous and soft B-continuous.
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1. Introduction

The concept of soft sets was initiated by Molodtsov [10] in 1999 as a completely new approach for modeling
vagueness and uncertainty. He has shown several applications of this theory in solving many practical problems
in economics, engineering, social science, medical science, etc. Later Maji et al. [8] presented some new definitions
on soft sets such as a subset, the complement of a soft set. Research works on soft sets are progressing rapidly in
recent years.

Shabir and Naz [11] introduced the soft topological spaces which are defined over an initial universe with a
fixed set of parameters. Later Aygiinoglu and Aygiin [3], Min [9], Zorlutuna et al. [13] and Hussain and Ahmad [5]
continued to study the properties of soft topological spaces. They got many important results in soft topological
spaces.

Recently, weak forms of soft open sets were studied. First, Chen [4] investigated soft semiopen sets in soft
topological spaces and studied some properties of them. Later Arockiarani and Arokialancy [2] defined soft 8-
open sets and some other weak forms of soft open sets in soft topological spaces. Finally, soft a-open sets and soft
a-continuous functions in soft topological spaces were introduced by Akdag and Ozkan [1].

In the present study, we introduce some new concepts in soft topological spaces which are defined over an
initial universe with a fixed set of parameters such as soft A-sets and soft B-sets which are weak forms of soft open
sets. We study the relationships between different types of soft open sets in soft topological spaces. We also intro-
duce the concepts of soft A-continuous and soft B-continuous functions. Finally, we give some decompositions of
soft continuity.

2. Preliminaries

In this section, we present the basic definitions and results of soft set theory which may be found in earlier
studies.
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Let X be an initial universe set and E be the set of all possible parameters with respect to X. Parameters are
often attributes, characteristics or properties of the objects in X. Let P (X) denote the power set of X. Then a soft
set over X is defined as follows.

Definition 2.1. [10] A pair (F, A) is called a soft set over X where A C Eand 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 Ve € A4,
F (¢) may be considered as the set of e—approximate elements of the soft set (F, A). It is worth noting that F (¢)
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)g.

Definition 2.2. [8] A soft set (F, A) over X is said to be a null soft set denoted by @ if foralle € A4, F(e) = 0. A
soft set (F, A) over X is said to be an absolute soft set denoted by A if foralle € A, F(e) = X.

Definition 2.3. [11] Let Y be a nonempty subset of X, then Y denotes the soft set (Y, E) over X forwhichY (e) =Y,
for all e € E. In particular, (X, E') will be denoted by X.

Definition 2.4. [8] For two soft sets (F, A) and (G, B) over X, we say that (F, A) is a soft subset of (G, B) if A C B
and for all e € A, F(e) and G(e) are identical approximations. We write (F, A) C (G, B). (F, A) is said to be a soft
super set of (G, B), if (G, B) is a soft subset of (F, A). We denote it by (G, B) C (F, A). Then (F, A) and (G, B) are
said to be soft equal if (F, A) is a soft subset of (G, B) and (G, B) is a soft subset of (F, A).

Definition 2.5. [8] The union of two soft sets (F, A) and (G, B) over X is the soft set (H,C), where C = AU B
and foralle € C, H(e) = F(e)ife € A\B, H(e) = G(e) if e € B\A, H(e) = F(e) UG(e) if e € AN B. We write
(F, A) U (G, B) = (H,C).

Definition 2.6. [8] The intersection (H, C') of two soft sets (F, A) and (G, B) over X, denoted by (F, A) M (G, B), is
defined as C = AN B,and H(e) = F(e) N G(e) foralle € C.

Definition 2.7. [11] The difference (H, E) of two soft sets (F, E) and (G, E) over X, denoted by (F, E)\(G,E), is
defined as H(e) = F(e)\G(e) foralle € E.

Definition 2.8. [11] The relative complement of a soft set (F, E) is denoted by (F, E)° and is defined by (F, E)° =
(F°, E) where F° : E — P(X) is a mapping given by F'°(e) = X\F(e) foralle € E.

Definition 2.9. [13] The soft set (F,E) € SS(X)g is called a soft point in X , denoted by x., if for the element
e€ E,Fle)#0and F(¢') = 0 forall ¢ € E\{e}. The soft point z. is said to be in the soft set (G, E), denoted by
z. € (G, E), if for the element e € FE and F(e) C G(e).

Definition 2.10. [11] Let 7 be the collection of soft sets over X, then 7 is said to be a soft topology on X if

1)®,Xer
(2)If (F, E), (G,E) € r, then (F,E)N (G, E) €
(3) If {(F7,7E)}’LEI €T, Vi € I, then uie](Fi7E) eET.

The triplet (X, 7, E) is called a soft topological space over X. Every member of 7 is called a soft open set in X.
A softset (F, E) over X is called soft closed set in X if its relative complement (F, E)¢ belongs to 7. We will denote
the family of all soft open sets (resp., soft closed sets) of a soft topological space (X, 7, E) by SOS(X, T, E) (resp.,
SCS(X, 1, E)).

Throughout the paper, the spaces X and Y (or (X, 7, E) and (Y, v, K)) stand for soft topological spaces assumed
unless stated otherwise.

Definition 2.11. Let (X, 7, E) be a soft topological space over X and (F, E) be a soft set over X.
(1) [11] The soft closure of (F, E) is the soft set cl(F, E) = 1{(G, E) : (G, E) is soft closed and (F, E)
(2) [13] The soft interior of (F, E) is the soft set int(F, E) = U{(H, E) : (H, E) is soft open and (H, E)

(G,E)}.

C
C (FE)}.

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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Theorem 2.1. [11] Let (X, 7, E) be a soft topological space and (F, E), (G, E) soft sets over X. Then

)cd(®) =P and d(X) = X.
(F,E) C cl(F, E).
(F, E) is a soft closed set if and only if (F, E) = cl(F, E).
I(cl(F, E)) = cl(F, E).
E) C (G, E) implies cl(F, E) C cl(G, E).
(( EYU(G,E)) =d(F,E)Uc(G, E).

(1
(
(
(
E
(7) cl((F, E) (G, E)) C cl(F, B) N cl(G, E).

2)
3)
4)c
5) (F,
6)c
7e

Theorem 2.2. [5] Let (X, T, E) be a soft topological space and (F, E), (G, E) soft sets over X. Then

1) int(®) = ® and int(X) = X.

int(F,E) C (F, E).

(F, E) is a soft open set if and only if (F, E) = int(F, E).
int(int(F, E)) = int(F, E).

(F,E) C (G, E) implies int(F, E) C int(G, E).
int((F,E)N (G, E)) =int(F,E) Nint(G, E).
int((F,E)U (G, E)) Jint(F,E) Uint(G, E).

Definition 2.12. [4] A softset (F, E) is called soft semiopen set in a soft topological space X if (F, E) C cl(int(F, E)).
The relative complement of a soft semiopen set is called a soft semiclosed set.

Definition 2.13. [2] A soft set (F,, E) is called soft preopen set in a soft topological space X if (F, E) C int(cl(F, E)).
The relative complement of a soft preopen set is called a soft preclosed set.

Definition 2.14. [1] A soft set (F, E) is called soft a-open set in a soft topological space X if (F, E) C int(cl(int(F, E))).
The relative complement of a soft a-open set is called a soft a-closed set.

We will denote the family of all soft a-open sets (resp., soft preopen sets and soft semiopen sets) of a soft
topological space (X, 7, E) by SeOS(X, 7, E) (resp., SPOS(X, 7, E) and SSOS(X, 7, E)).

Remark 2.1. [1] It is obvious that every soft open (resp., soft closed) set is a soft a-open (soft a-closed) set. Similarly,
every soft a-open set is soft preopen and soft semiopen.

The example given below show that the converses of these implications are not true.

Example 2.1. [1] Let X = {.131,3,‘2,1‘3,1‘4}, E = {61,62,63} and 7 = {(I),iv, (Fl,E), (FQ,E),..., (F15,E)} where
(F1,E), (Fy, E), ..., (Fis, E) are soft sets over X, defined as follows:

—~

(1, E) = {(er, {21}), (e2,{z2,25}), (es, {21, 24})},

(Fy, E) = {(e1,{x2,24}), (e, {x1,23,24}), (e3,{x1,22,24})},
(F3,E) = {(e1,0),(e2,{z3}), (es, {z1})},

(Fo, B) = {(e1,{z1,22,24}), (€2, X), (e3,X)},

(F5,E) = {(er, {21, 23}), (e2, {2, wa}), (€3, {z2})},

(Fs, E) = {(e1,{z1}), (e2,{z2}), (e3,0)},

(F7,E) = {(er,{z1,23}), (e2, {2, w3, 24}), (€3, {1, 22, 24})},
Fyg

Fy

—~

€1, )a (627X), (63,{Z‘1,x2,x3})},

=

€1, {x17x3}) (62, {.’[727.%'3,3;‘4}), (63, {«T171'2})},

s

e1, {72, 23,74}), (e2,X), (e3,{w1,22,73})},

(
(
(
(e, {z1}), (e2,{w2, 23, 24}), (€3, {71, 22,24})},
(
(
(

w
M T T o D D D D D D D o o

e1, {z1}), (e2,{w2,24}), (es,{z2})},
€1 {$3,$4}) (62,{.%17:[2}), (637@)}7

{
{
{
{
{
{
{
{ (e1,0), (e2, {za}), (es,{z2})},
{
{
{
{
{
{
{(e1, {z1}), (e2, {z2,23}), (e3,{z1})}-

BICICICICEC)
s
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Then 7 defines a soft topology on X and thus (X, 7, E) is a soft topological space over X. Then (G, E) =
{(e1,{z1,22,23}), (e, {x2,x3,24}), (€3, {71, 22})} is a soft a-open setin X butnot soft open. (Gq, E) = {(e1, {z2}),
(e2,{x3}), (e3,{z1,23})} is a soft semiopen set in X but not soft a-open. (G3, E) = { (e1,0), (e2,0), (e3,{z2})}is
a soft preopen set in X but not soft c-open.

Definition 2.15. [12] Let (X, 7, E) be a soft topological space. A soft set (F, E) is called soft regular open set in X
if (F, E) = int(cl(F, E)). The relative complement of a soft regular open set is called a soft regular closed set.

We will denote the family of all soft regular open sets (resp., soft regular closed sets) of a soft topological space
(X, 7, E)by SROS(X, 7, E) (resp., SRCS(X, 7, F)).
Remark 2.2. [12] Every soft regular open set in a soft topological space (X, 7, F) is soft open.

Now, we give an example to show that the converse of Remark 2.2 does not hold.

Example 2.2. [12] Let X = {z1,29,23,24}, E = {e1,e2} and 7 = {@,)N(, (F1,E),(F3, E),(F5, E)} where (Fy, E),
(F3, E), (Fs, E) are soft sets over X, defined as follows:

(F1, E) = {(e1,{z1}), (e2,{2})},
(F27E) = {(61,{$1,x2}), (62,{.1‘1,332,563})},
(F3’E) = {(61,{.1‘1,.%‘27.%‘4}), (627X)}'

Then 7 defines a soft topology on X and thus (X, 7, F) is a soft topological space over X. Then (F», E) is a soft
open set in X but not soft regular open.

Definition 2.16. [6] Let SS(X)g and SS(Y) i be families of soft sets, u : X — Y and p : E — K be mappings.
Then the mapping f,, : SS(X)g — SS(Y)k is defined as:

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

-1
mﬂwm={5“p““”wu”’pfﬁﬁi§g

forally € K.
(2) Let (G, K) € SS(Y) k. The inverse image of (G, K) under f,,, written as f,.,' (G, K) = (f,,}(G),p” ' (K)), is
a soft set in SS(X) g such that

e = { JCEE) e e

1] , otherwise

forallz € E.

Definition 2.17. [13] Let (X, 7, E) and (Y, v, K) be soft topological spaces and f,, : SS(X)g — SS(Y)x be a
function. Then f,, is called a soft continuous function if for each (G, K) € SOS(Y) we have [, (G, K) € SOS(X).

Definition 2.18. [7] Let (X, 7, E) and (Y, v, K) be soft topological spaces and f,, : SS(X)g — SS(Y)k be a
function. Then f,, is called a soft semicontinuous function if for each (G, K) € SOS(Y) we have f, '(G,K) €
SS0S(X).

Definition 2.19. [1] Let (X, 7, E) and (Y, v, K) be soft topological spaces and f, : SS(X)g — SS(Y )k be a
function. Then f,, is called a soft a-continuous function if for each (G,K) € SOS(Y) we have f,.!(G,K) €
Sa0S(X).

Definition 2.20. [1] Let (X, 7, E) and (Y, v, K) be soft topological spaces and fp, : SS(X)g — SS(Y)k be a
function. Then f,,, is called a soft precontinuous function if for each (G, K) € SOS(Y) we have f,'(G,K) €
SPOS(X).

Remark 2.3. [1] It is clear that every soft a-continuous function is soft semicontinuous and soft precontinuous.
Every soft continuous function is soft a-continuous.

Theorem 2.3. [1] Let (X, 7, E) and (Y, v, K) be soft topological spaces and f,,, : SS(X)g — SS(Y)k be a function. If
fpu 15 soft semicontinuous and soft precontinuous, then fp,, is soft a-continuous.
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3. Soft A-sets and Soft B-sets

Definition 3.1. Let (X, 7, E) be a soft topological space. A soft set (F, E) is called soft A-set 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.

It is obvious that a soft set (F, E) is a soft A-set if and only if (F, E) = (G, E) N (K, E), where (G, E) is a soft
open set and (K, E) is a soft regular closed set.

Theorem 3.1. In a soft topological space (X, T, E), every soft open set is a soft A-set.
Proof. Let (F, E) be a soft open set in X. Then (F, E) is a soft A-set since (F, E) = (F, E)\®. O

The converse of Theorem 3.1 is not true in general as shown in the following example.

Example 3.1. Let X = {z1,29,235,24}, E = {e1,e2} and 7 = {@,)N(, (F1,E), (F3, E), ..., (F11, E)} where (F1, E),
(F2, E), ..., (F11, E) are soft sets over X, defined as follows:

(F1,E) = {(er,{z1}), (e2, {z1})},

(2, E) = {(e1,{z2}), (e2, {z2})},

(F5,E) = {(e1,{z1,22}), (e2, {w1,22})},
(F47E) = {(e {x17m27$3}) (627{1'17333})}7
(F5,E) = {(er,{z1,22,24}), (€2, {z1,22,23})},
(F6, ) = {(e1,{z2}), (e2,0)},

(F7, E) = {(er,{z1,22}), (e2, {z1})},

(FB’E) = {(6 {x17x27x3}) (62,{£C1,1'2,£C3})}7
(Fo,E) = {(e1,X), (e2,{z1,22,23})},

(Fio, E) = {(e1,{z1,22}), (e2,{z1, 22, 23})},
(F11, B) = {(er, {z1,22}), (e2,{z1,23})}.

Then 7 defines a soft topology on X and thus (X, 7, E) is a soft topological space over X [12].
Let (G, E) be a soft set over X such that (G, E) = {(e1, {z2,23}), (e2,{z3})}. Since (G, E) = (Fy, E)\(F1, E)
such that (Fy, F) is soft open and (F7, E) is soft regular open, (G, E) is a soft A-set but not soft open.

Theorem 3.2. In a soft topological space (X, T, E), every soft A-set is soft semiopen.

Proof. Let (F,E) = (G, E) N (K, E) be a soft A-set, where (G, E) is soft open and (K, E) = cl(int( ,E)). Since
(F,E) = (G,E)N(K, E), wehave int(F, E) J (G, E)Nint(K, E). Itis easily seen that int(F, E) C (F, E) C (K, E),
hence int(F, E) = int(int(F,F)) C int(K,E). Butint(F,E) C (F,E) C (G, E), hence int(F, E) C (G, E)
int(K, E). Therefore int(F,E) = (G, E) Nint(K, E). Now we prove (F,E) C cl(int(F, E)). Let z. € (F,E) and
(H, E) be an arbitrary soft open set containing z.. Then (G, E) M (H, E) is also a soft open set containing z.. Since
€ (K, E) = c(int(K, E)), there is a soft point y. € int(K, E) such that z. # y. and y. € (G, E) 1 (H, E). Hence
€ (G, E)Nint(K, E) = int(F, E). Therefore z. € cl(int(F, E)) and (F, E) C cl(int(F, E)). Thus we obtain (F, E)
is soft semiopen in X. O

The converse of Theorem 3.2 is not true in general as shown in the following example.

Example 3.2. Let X = {21, 29,23}, E = {e1,es} and 7 = {<I>75(, (F1,E),(Fy, E),(F3, E)} where (F1, E), (F3, E),
(F3, E) are soft sets over X, defined as follows:

(F1,E) = {(er, {z1}), (2, {m D)},
(F2, E) = {(er, {z2}), (e2,{z2})},
(F3,E) = {(e1,{w1,22}), (ea, {21, 22})}.
Then 7 defines a soft topology on X and thus (X, 7, E) is a soft topological space over X.
Let (G, E) be a soft set over X such that (G, E) = {(e1,{z1}), (e2,{z1,23})}. Since (G, E) C cl(int(G, E)) =
(F2, E)¢, (G, E) is a soft semiopen set but not a soft A-set.

The examples below show that a soft a-open set need not be a soft A-set and a soft A-set need not be a soft
a-open set.
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Example 3.3. Let X = {1, %2, z3, 24} and E = {e1, e2}. Let us take the soft topology 7 on X and the soft set (G, E)
in Example 3.1. Then, (G, E) is a soft A-set but not soft a-open.

Example 3.4. Let X = {x1,29,23}, F = {e1,e2} and 7 = {P, )N(, (F, E)} where (F, E) is a soft set over X, defined

as follows:
(F, E) = {(61, {‘Tl})7 (627 {x2})}

Then 7 defines a soft topology on X and thus (X, 7, E) is a soft topological space over X.
Let (G, E) be a soft set over X such that (G, E) = {(e1, {z1,22}), (e2, {z2})}. Since (G, E) C int(cl(int(G, E))) =

X, (G, E) is a soft a-open set but not a soft A-set.

Theorem 3.3. Let (X, 7, E) be a soft topological space. A soft set (F, E) over X is soft open if and only if it is both a soft
a-open set and a soft A-set in X.

Proof. Necessity is trivial.

To prove the sufficiency, let (F, E) = (G, E) N (K, E) be a soft A-set, where (G, E) is soft open and (K, E) =
cl(int(K, E)). Since (F,E) is a soft a-open set, we have (G,E) N (K,E) T int(cl(int((G,E) N (K, E)))) =
int(cl(mt(G E)nint(K,E))) = int(cd((G, E) Nint(K, E))) C int(c(G,E) N c(int(K,E))) = int(cd(G,E) N
(K, E)) = int(cl(G, E)) Nint(K, E).

Since (G, E) Cint(cl(G, E)), wehave (G, E)N(K, E) = (G, E)N(K, E))N (G, E) C int(cl(G, )) MNint(K, E)N
(G,E) = (G,E) Nint(K, E). Notice (G, E)N (K,E) 3 (G, E) Nint(K, E), we have (G,E) N ( E)=(G,E)n
int(K, E), therefore (F, E) = (G, E) N (K, E) is a soft open set.

O

Definition 3.2. Let (X, 7, E) be a soft topological space. A soft set (F, E) is called soft ¢-set in X if int(cl(F, E)) =
int(F, E).

We have an immediate result from Definition 3.2.
Theorem 3.4. In a soft topological space (X, T, E), every soft closed set is a soft t-set.

The converse of Theorem 3.4 is not true. In fact we have the following result.
Theorem 3.5. In a soft topological space (X, T, E), every soft reqular open set is a soft t-set.

In a soft topological space (X, 7, E), a soft open set need not be a soft ¢-set as shown in the following example.

Example 3.5. Let X = {x1, 25,23}, E = {ej,ex} and 7 = {<I>,)N(, (F1, E), (F3, E)} where (Fy, E), (Fy, E) are soft
sets over X, defined as follows:

(F, E) = {(e1, {z1}), (e2,0)},
(F2, E) = {(e1,{z1,22}), (e2,0)}.

Then 7 defines a soft topology on X and thus (X, 7, F) is a soft topological space over X. Then (£, E) is soft
open but not a soft t-set.

Theorem 3.6. Let (X, 7, E) be a soft topological space. If (F, E) and (G, E) are two soft t-sets in X, then (F, E) N (G, E)
is a soft t-set.

Proof. int((F, E) N (G, E)) C int(cl(F, E) N (G, E))) C int(cl(F, E) N cl(G, E)) = int(cl(F, E)) Nint(cl(G, E)) =
int(F, E) Nint(G, E) = int((F, E) N (G, E)). O

Theorem 3.7. Let (X, 7, E) be a soft topological space. A soft set (F, E) is soft reqular open in X if and only if (F, E) is
both a soft preopen set and a soft t-set.

Proof. The proof is obtained using int(F, E) C (F, E) C int(cl(F, E)) = int(F, E). O

Definition 3.3. Let (X, 7, E) be a soft topological space. A soft set (F, E) is called soft B-set in X if (F,E) =
(G,E)N (H, E), where (G, E) is a soft open set and (H, F) is a soft ¢-set in X.

Theorem 3.8. In a soft topological space (X, T, E), every soft t-set is a soft B-set.
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Proof. Let (F, E) be a soft t-set in X. Since (F, E) N X = (F, E), the proof is obvious. O

Theorem 3.9. In a soft topological space (X, T, E), every soft open set is a soft B-set.

~

Proof. Let (F, E) be a soft open setin X. (F, E) = (F, E) N X such that mt(cl()N()) =mt(X) = X. O
The converse of Theorem 3.9 is not true in general as shown in the following example.

Example 3.6. Let X = {z1,29,23,24} and E = {e1,ea}. Let us take the soft topology 7 on X in Example 3.1.
Let (G, FE) be a soft set over X such that (G, E) = {(e1, {x3,24}), (e2,{z2})}. Since int(cl(G, E)) = int(G, E) = {,
(G, E) is a soft t-set. Let (H, E) be a soft set over X such that (H, E) = {(e1,{z4}), (e2,{z2})}. Since (H,E) =
(Fs, E) N (G, E) where (F5, E) is soft open and (G, E) is a soft t-set, (H, E) is a soft B-set but not soft open. Also,
(G, E) is a soft B-set since every soft t-set is a soft B-set but not soft open.

From Theorem 3.4 and Theorem 3.8, we have
Theorem 3.10. In a soft topological space (X, T, E), every soft closed set is a soft B-set.
From Theorem 3.4, we have
Theorem 3.11. In a soft topological space (X, T, E), every soft A-set is a soft B-set.
The converse of Theorem 3.11 is not true in general as shown in the following example.

Example 3.7. Let X = {z1,22,23,24} and E = {e1, e2}. Let us take the soft topology 7 on X in Example 3.1 and
the soft set (G, E) = {(e1, {x3,24}), (e2, {x2})} in Example 3.6. Then (G, E) is a soft B-set but not a soft A-set.

The examples below show that a soft B-set need not be a soft preopen set and a soft preopen set need not be a
soft B-set.

Example 3.8. Let X = {x1,22,23,24} and E = {e1,e2}. Let us take the soft topology 7 on X in Example 3.1 and
the soft set (H, E) = {(e1, {z4}), (e2, {z2})} in Example 3.6. Then (H, E) is a soft B-set but not soft preopen.

Example 3.9. Let X = {x1,22,23} and E = {e1,ea}. Let us take the soft topology 7 on X and the soft set
(G,E) = {(e1,{z1,x2}), (e2, {z2})} in Example 3.4. Then (G, E) is soft preopen since every soft a-open set is a soft
preopen set but not a soft B-set.

The examples below show that a soft B-set need not be a soft semiopen set and a soft semiopen set need not be
a soft B-set.

Example 3.10. Let X = {x1, 22, 23,24} and E = {e1, e2}. Let us take the soft topology 7 on X in Example 3.1 and
the soft set (G, E) = {(e1, {x3,24}), (e2,{z2})} in Example 3.6. Then (G, E) is a soft B-set but not soft semiopen.

Example 3.11. Let X = {z1,22,23} and E = {e1,e2}. Let us take the soft topology 7 on X and the soft set
(G,E) = {(e1,{z1,22}), (e2, {z2})} in Example 3.4. Then (G, E) is soft semiopen since every soft a-open set is a
soft semiopen set but not a soft B-set.

Theorem 3.12. Let (X, T, E) 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 sufficiency. Since (F, E) is a soft B-set, we have (F, F) = (G, E) N (H, E)

~

where (G, E) is a soft open set and int(cl(H, E)) = int(H, E). Since (F, E) is soft preopen, we have (F,E) C
int(cl(F, E)) = int(cdl((G, E)N(H, E))) Cint(cl(G, E)Ncl(H, E)) = int(cl(G, E))Nint(cl(H, E)) = int(cl(G, E))
int(H, E).

Hence (F, E)

= (G,E)N (H,E) = ((G,E)N (H,E)) N (G,E) T (int(c(G, E)) Nint(H,E)) N (G, E) =
(int(cl(G, E))N (G, E)) Nint(H, E) = (G, E)Nint(H, E). Notice (F, E) = (G, E)N(H, E) 3 (G, E)Nint(H, E), we
have (F, E) = (G, E) Nint(H, E). Thus we obtain (F, E) is soft open. O

We have the following implications for a soft topological space (X, 7, E). These implications are not reversible.

soft openset — soft a-open set
+ N
soft A-set —  soft semiopen set soft preopen set
{

soft B-set
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4. Soft A-continuity and Soft B-continuity

Definition 4.1. Let (X, 7, E) and (Y, v, K) be soft topological spaces. Letu : X — Y andp : E — K be
mappings. Let f,, : SS(X)g — SS(Y)k be a function. Then

(1) fpu is called a soft A-continuous function if for each (G, K) € SOS(Y), f,,/(G, K) is a soft A-set in X.

(2) fpu is called a soft B-continuous function if for each (G, K) € SOS(Y), f,.! (G, K) is a soft B-set in X.
Example 4.1. Let X = {.’L‘l, T, T3, .%'4}, Y = {yh Y2, yg}, FE = {617 62}, K = {]{1, kjg}, T = {@7 )(7 (F17 E), cey (F117 E)}
in Example 3.1, v = {®,Y, (H, K)} such that (H, K) = {(k1,{y1,¥2}), (k2, {t1 })} and (X, 7, E) and (Y, v, K) be
soft topological spaces.

Defineu: X — Yandp: F — K as

u(r1) = u(zs) = {ys}, u(r2) = {y2}, u(xs) = {y1} and p(e1) = {k1}, p(e2) = {k2}.
Let fpu : SS(X)g — SS(Y)k be a function. Then (H, K) is soft open in Y and f,}(H,K) = (G,E) =
{(e1,{x2,23}), (e2,{x3})} is a soft A-set in X by Example 3.1. Therefore, f,, is a soft A-continuous function.

Example 4.2. Let X = {z1,22, 23,24}, Y = {y1,92,y3}, E = {e1,e2}, K = {k1,ko}, 7 = {2, X, (1, E), ..., (F11, E)}
in Example 3.1, v = {®,Y, (G, K)} such that (G, K) = {(k1,{v1}), (k2,{ys})} and (X, 7, E) and (Y, v, K) be soft
topological spaces.

Defineu: X — Y andp: E — K as

u(z1) = u(ws) = {y2}, w(z2) = {y1}, u(ws) = {ys} and p(e1) = {k2}, p(ez) = {k1}.

Let fpu : SS(X)p — SS(Y)k be a function. Then (G, K) is soft open in Y and f,,}(G,K) = (H,E) =
{(e1,{z4}), (e2,{x2})} is a soft B-set in X by Example 3.6. Therefore, f,, is a soft B-continuous function.

By Theorem 3.1 and Theorem 3.2, we have an immediate result.

Remark 4.1. Every soft continuous function is soft A-continuous and every soft A-continuous function is soft semi-
continuous.

By Theorem 3.9, we have an immediate result.
Remark 4.2. Every soft continuous function is soft B-continuous.
By Theorem 3.11, we have an immediate result.

Theorem 4.1. Let (X, 7, E) and (Y, v, K) be soft topological spaces and fp,, : SS(X)g — SS(Y)k be a function. Then,
every soft A-continuous function is soft B-continuous.

By Theorem 3.3, we have the following decomposition of soft continuity:

Theorem 4.2. Let (X, 7, E) and (Y, v, K) be soft topological spaces and fp,, : SS(X)g — SS(Y)x be a function. Then
fpu 15 a soft continuous function if and only if it is both soft a-continuous and soft A-continuous.
Corollary 4.1. Let (X, 7, E) and (Y, v, K) be soft topological spaces and f,, : SS(X)g —> SS(Y)k be a function. Then
fpu 15 soft continuous if and only if it is both soft precontinuous and soft A-continuous.
Corollary 4.2. Let (X, 7, E) and (Y, v, K) be soft topological spaces and fy,, : SS(X)g — SS(Y) k be a function. If f,,
is both soft precontinuous and soft A-continuous, then it is soft a-continuous.

It is clear that Corollary 4.1 is a generalization of Theorem 4.2. We observe that Corollary 4.2 follows from the
fact that soft A-continuous functions are soft semicontinuous from Remark 4.1 and a function is soft a-continuous

if it is soft precontinuous and soft semicontinuous from Theorem 2.3.
By Theorem 3.12, we have the following decomposition of soft continuity:

Theorem 4.3. Let (X, 7, E) and (Y, v, K) be soft topological spaces and fp, : SS(X)g — SS(Y)x be a function.Then
fpu 15 a soft continuous function if and only if it is both soft precontinuous and soft B-continuous.

We have the following implications.

soft continuity — — soft a-continuity
4 N
soft A-continuity —  soft semicontinuity soft precontinuity
1

soft B-continuity
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