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Abstract: The purpose of this paper is to introduce the concepts of §p. — closure and $p. —
interior operations and study the properties of $p. — closure and $p. — interior of a soft set in a
soft topological space, also we aim to study properties of §p.— derived, §p.— frontier and sp.~
Exterior of soft set using the concept of §p.~ open set. Finally we introduce the concept of
almost $p .~ continuous mapping and investigate properties and characterizations of these new
types of mapping.
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1. Introduction

The concept of a soft set theory first introduced by the Russian researcher D. Molodtsov in 1999.
He presented the fundamental results of the new theory and applied it successfully to several
directions, such as game theory, Riemann integration, theory of measurement, probability theory
and etc. A soft set is a collection of approximate descriptions of objects. Soft system provides
general framework with the involvement of parameters. Hence in various fields, the researchers
worked on soft set theory and its applications. Recently Shabir and Naz introduced the concept of
soft topological space. Then same researchers have begun to study basic concepts and properties of
soft topological spaces. Zorlutuna (2014) proved that a fuzzy topological space is a special case of
soft topological spaces, and ordinary topological space can be considered a soft topological space
In the present study, we introduce the concepts of $p, — closure and §p. — interior operations and
study there properties in a soft topological space, also we objective and study properties of $p,-
derived, $p.- frontier and $p.-Exterior of soft set using the concept of S§p.-open set. Also we define
almost $p.-continuous mapping and investigate the properties and characterizations of these new
types of mapping.

2. Preliminaries

Throughout this paper X will always denote to soft topological spaces. If (F, A) is a subset of of the
spaceX, $p.cl(F,A) and $p.int(F,A) denote the soft p.—closure and soft p, —interior of
(F, A) respectively. A soft topological space is called soft locally indiscrete (Al-kadi, 2014), every
soft open set over X is soft closed and X is said to be extremally soft disconnected (Ahmed &
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Hamko, 2018) if the soft closure of every soft open set is soft open.

Definition 2. 1. (Ilango & Ravindran, 2015) Let t be a collection of soft sets over X. Then t
is said to be a soft topology on Xif:

1. @,Xbelongtot.

2. the union of any number of soft sets in t belongs to 7 .

3. the intersection of any two soft sets in T belongs to 7 .
The triple (X, T, A) is called a soft topological space over X.

Let (X, T,A) be a soft space over X, then the members of 7 are said to be soft open sets in X denoted
by SO(X )and their complement are said to be soft closed sets in X, If Y is a non-empty subset of X,
then iy = {(F,A)nY: (F,A) € 1 }is said to be the soft relative topology on Y and (Y, 7y ,A) is
said to be soft subspace of (X, t, A).

Definition 2.2: (Ahmed & Hamko, 2018) A soft pre-open set (F, A) in a soft topological space
(X, T, A) is called soft pc-open if for each x, € (F, A), there exists a soft closed set (K, A) such that
Xq € (K,A) < (F,A). The family of all Sp.-open sets in a soft topological space (X,t,A) is
denoted by spcO(X, T, A) or s pcO(X)

Theorem 2.3: (Tozlu & Yksel, 2014) A soft topological space (X, t, A) is soft regular if and only if
for every x € X and every soft open set (F, A) containing X, there is a soft open set (G, A) of x such
that x € (G,A) < Scl(G,A) < (F,A)

Proposition 2.4: (Ahmed & Hamko, 2018) Let {(F;,A) : A € A} be a collection of §p. —open sets
in a soft topological space , then U {(F;,A) : A € A} is §p.-open

Proposition 2.5: (Akdag & Ozkan, 2014) Let (X,7,A) be a soft topological space. If (F,A) €
Sa0(X)and (G,A) € §PO(X),then (F,A) n (G,A) € SPO(X).

Corollary 2.6: (Ahmed & Hamko, 2018) For any soft subset (F,A) of a soft space (X,t,A) . The
following statements are equivalent:

1. (F,A) is soft clopen.

2. (F,A)is §pc-open

3. (F,A) is soft preopen and soft closed

Theorem 2.7 (Akdag & Ozkan, 2014) Let (F,A) €Y <X, where (X,1,A) is a soft topological
space and Y is a soft pre —open subspace of X. (F,A) € §pO(X), if and only if (F,A) € $pO(Y)

Theorem 2.8: (llango & Ravindran, 2016) If U is soft open and (F, A) is soft preopen, then U N
(F, A) is soft preopen.

Proposition 2.9. (Mussa & Khalaf, 2015) Let (¥, 1y, A) be a soft subspace of a soft space (X, T, A) .
If (F,A) is soft closed subset in X and (F,A) c Y, then (F, A) is soft closed in Y .
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Proposition 2.10: (Mussa & Khalaf, 2015) Let (X,t,A) be a soft topological space. If (F,A4) €
sSa0(X)and (G,A) € SPO(X ), then (F,A)n (G,A) € §P 0(X).

Dentition 2.11. (Al-kadi, 2014) Let SS(X ) and SS(Y )k be soft classes. Letu: X — Yand p:
E — K be mappings. Then a soft mapping f,,,: SS(X )E — SS(Y )K is define as:
(1) For asoft set (F,A) in SS(X )g , (fpu(F,A),B),B = p(A) € K isasoftsetinSS(Y )k given
by
fou(F, A)(B) = {“ (Veeppna (F@)) P B)n 4 %0
1)

otherwise

forB € B < K. (fpu((F,A),B) is called a soft image of a soft set (F, 4). If B = K, then we shall
write (f,, (F,A),K) as fp,, (F, A).
(2) Forasoftset (G,C)in SS(Y )k . (fp' (G, C), D), D = p~*(C) isasoft set in SS(X ) given by

-1
fl (6,0)(@) = {“ (6r@)) p@ec
o otherwise
fora e D c E,(fpil (G,C),E) is called a soft inverse image of a soft set (G, C).

We shall write (f,,,' (G, C), E) as £, (G, C).

Proposition 2.12: (Ahmed & Hamko, 2018) If a space X is a soft T;-space, then §p.0P(X) =
SPO(X)

Proposition 2.13: (Ahmed & Hamko, 2018) Let (Y, 7y ,A) be a subspace of a space (X,t,A) and
(F,A) € Y.If (F,A) is 3pc -open in a subspace (Y, 1y ,A) and Y is soft clopen, then (F, A) is §p, -
opensetin X .

Lemma2.14. (llango & Ravindran, 2015) Let (F, A) be a soft subset of a soft space (X, t,A). Then
(F,A) € 5P 0(X),ifand only if $scl(F,A) = Sintscl(F, A).

3. Operators on Sp.-Open Sets

In this section, we define and study some operators on soft topological spaces via the concept of
$p.-open sets such as $p.-neighbourhood, §p.-derived, $p.-interior, Sp.-closure andsp.-boundary.

Definition 3.1: A soft set (F, A) in a soft topological space (X, t, 4) is called §p.-neighbourhood of
a soft point x, € SP(X ), if there exists an $p, -open set (G, A) suchthatx, € (G,A) < (F,A).

Proposition 3.2: A soft set (F,A) over a soft space X is §p.-open if and only if (F,A) is an §p,-
neighbourhood of each of its soft points.

Proof. Let (F,A) be §p -open and x.€(F, A). Then x,e(F, A)=(F, A). Therefore, (F,A) is an 5p.-
neighbourhood of x,. Conversely, let (F, A) be an §p.-neighbourhood of each of its soft points. Let
X, € (F,A). Since (F,A) is an §p.-neighbourhood of each of its soft points, there exists an $p,-
open set (G, A) such that x, € (G,A) < (F,A). Therefore, (F,A) =U {x,} €U (G,A) € (F,A)
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for each x, € (F,A). It follows that (F,A) is a union of $p.-open sets and hence (F,A) is $p.-
open.

Proposition 3.3: For any two soft subsets (F, A), (G, A) of a soft topological space X with (F,A) €
(G, A), if (F,A) is an §pc-neighbourhood of a soft point x, € SP (X )4, then (G, A) is also a §p.-
neighbourhood of the same soft point.

Proof: Straightforward.
Remark 3.4: Every $p.-neighbourhood of a soft point is soft pre-neighbourhood.

Definition 3.5: Let (X, 7, A) be a soft topological space. A soft point x, € SP (X ), is said to be an
$p. -limit soft point of a soft set (F,A) if for every $p.-open set (G, A) containing x,, then
(G,A) N [(F,A)\{x4}] # @. The set of all $p.-limit soft points of (F,A) is called an 5p,-derived
set of (F, A) and is denoted by §p. — D(F, A)

Proposition 3.6:A soft set (F, A) of a soft topological space (X, ,A) is $p. -closed if and only if
(F,A) contains all its $p.-limit soft points.

Proof. Let (F,A) be §p.-closed and x, & (F,A), then X \ (F,A) is Sp.-openand x, € X \ (F,A).
Since (F,A) n[X\ (F,A)] = @, x, cannot be an 5p.-limit soft point of (F, A). Therefore, (F,A)
contains all its §p.-limit soft points. Conversely, let (F, A) contains all its §p.-limit soft points. Let
Xq € X\ (F,A). By our assumption, x,is not an Sp.-limit soft point of (F, A). Then there exists an
$p. -open set (G,A) such that x, € (G,A) and (F,A) n (G,A) = @. Therefore, (G,A) S
X\ (F,A). So X\ (F,A) =U {x,} €U (G,A) < X\ (F,A) for eachx, € X\ (F,A). Thus
X\ (F,A) is §p.-open and hence (F, A) is §p.-closed.

Proposition 3.7: Let (F, A) be a soft subset over X. If for each soft closed set (H, A) of X containing
X, such that (H,A) n [(F,A)\{x,}] # @,then a soft point x, € SP (X), is an §p.-limit soft
point of (F, A).

Proof: Let (G, A) be any $p.-open set containing x,, then for each x, € (G,A) € §p0(X), there
exists a soft closed set (H, A) such that x, € (H,A) < (G, A). By hypothesis, we have (H,A) n
[(F,A) \{x,}] # @ Hence (G,A) n [(F,A) \{xa}] =@ Therefore, a soft point x, € SP (X ), is
an Sp.-limit soft point of (F, A4).

Proposition 3.8: For soft subsets (F, A) and (G, A) over X, the following statements are true:

$p.D(D) = 0.

If x, € $p.D(F,A), then x, € Sp.D((F,A)\ {x,})-
If (F,A) < (G,A),then$p.D(F,A) € 35p.D(G,A)
Spc.D(F,A) U3sp.D(G,A) < Sp.D((F,A) U (G,A))
Sp.D(F,A) nsp.D(G,A) 2 5p.D((F,A) n (G,A))

agrwbd e

Proof: Follows directly from definition 3.5 and Proposition 3.6.
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In general, 5p.D(F,A) U 3p.D(G,A) # 5p.D((F,A) U (G,A)) and 5p.D(F,A) n35p.D(G,A) #
Sp.D((F,A) n (G,A)) ,asitisshown in the following two examples:

Example 3.9: Consider X ={a,b}, A={us} T=
{6! X! (FllA)! (FZIA)(F3'A)' (F4»A)' (FS»A)' (F6'A)} Where Fl (u) =
{a} () =0 FM={a) FKE)={H} FBw={d} Fs)={a

Fy(w) = {{a,b} Fu(s)={a} Fs(u) ={b} Fs(s)={a,b}
Fe(w) =@ Fs(s) ={b} ,

Thensp.0(X) =t if we define (F,A),(G,A) and (H,A)=(F,A) U(G,A) by F(u) =
{b},F(s) ={a, b}, G(uw) ={a},G(s) ={a} Hw) ={a,b},H(s) ={a,b} . Thensp.D(F,A) =
(b, a5} , 5p.D(G,A) = {b,} and $p,D((H,A) =SP(X), , . It follows that $p.D(F,A) U
$p.D(G, A) # $p.D((F,A) U (G, A)) .

Example 3.10: Let R be the set of all real numbers, 4 = {u, s}, and 8 = {(F2, A); a < b} where the
map F?: A - P(R) defined as follows:

(a,b) ifa=u
b(o) = -
fa (@) {Ror(b ifa=s
Let 7 be the topology on R with the base . Then the set
Gl(a) = {Q e ~ Y Where Q is the set of all rational numbers. If we take
“a_(ﬁifa:s Qisthes u S.
(0D ifa=u _ {(1,2) ifa=u
Gl(“)_{(ﬁ ifa=s Go(@) = 1) ifa=s
7] ifa=u .
Gs;(a) = Gy (@) N Gy(a) so that G;(a) = 3 f Then $p.DG,(a) =[0,1],
Ifa=s

$p.DG,(a) = [1,2] , hence §p.DG,(a) N Sp.DG,(a) = {1} , but $p.DG3(a) =@ . It follows
that §p.D(F,A) N 35p.D(G,A) # $p.D((F,A) n (G,A))

Proposition 3.11: If (F, A) and (G, A) be soft subsets over X, then we have the following properties:

1. 8pc D(8pc D(F,A))\ (F,A)
2. $p.D((F,A) U3sp.D(F,A))

Spe D(F, A).
(F,A) Usp.D(F,A).

c
c

Proof: (1) If x, € §p. D(Sp. D(F,A))\(F,A) implies that x, € §p. D(S§p. D(F,A)) and (G,A) is a
$p. —open set containing x,, then (G,A)n [§p. D(F,A)\{xa}] =0B. Let yg € (G,A)N
[Spc D(F,A) \ {x}]. Then , since yg € Sp. D(F,A) and yg € (G,A),(G,A) n [(F,A)\{yB }]
=0. Let z, € (G, A) N [(F,A)\{yp}]. Then  z,==x, forz, € (F,A) and x,& (F,A).
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Hence, (G,4) n [(F,A) \ {x,}]=0. Therefore, x, € 5p.D(F,A).

(2) Let x, € Sp.D((F,A) U3p.D(F,A)). If x, € (F,A), the result is obvious. So, let x, €
Sp. D((F,A) USsp. D(F,A))\ (F,A), then for any $p. —open set (G, A) containing x, we have

G4 n ((F,4) UspcDF, DI\ (x}) =6, Thus (G,A) N [(F,A)\ {xz}]# Bor (G.A) n
[5p. D(F, A) \ {x,}] = ©. Now it follows similarly from (1) that (G,A) N [(F,A)\ {x.}] =0.
Hence, x, € §p.D(F, A). Therefore, in both cases, we get sp.D((F,A) U Sp.D(F,A)) < (F,A) U
$p. D(F, A).

Proposition 3.12: For a soft subset (F, A) over a soft space X, §pD(F,A) € §p. D(F, A).

Proof. Follows from the fact that every $p. -open set is soft pre-open.
The following example shows that $p.D (F, A)%E SpD(F, A).

Example 3.13: Consider U = {uq,uy,uz}, E ={eq, ez e3}, A = {e, e}, and F, =
{(e1, {u1}), (ez,{uy,uz)}. The class of all soft subsets over U is denoted by S(F,). Then F, =
{(ey, {u D}, Fy, = {(er, {us D), (e2, {u1 D}, Fp, = {(er, {ur}), (e, {uz1} Fy, = {(ez, {u, uz 1},
Fu, = {(e2, {wi D}, Fa, = {(e2,{uz})} Fa, = Fx Fa, = Fp. Define the soft topology = {F, , Fy,
FAl! FA3' FA4'FA6}1 SPO(X) = {F4 , Fy, FA11 FA3r FA4:FA5}a

SP.O(X) ={F, , Fy, F4,, Fa,}. if we take (Fg,A). Then SpD(Fg, A) = @ ,and $p.D(Fs A) =
{ws,,}, sothat .Sp.D(F, A) SpD(F, A).

Definition 3.14: Let (F, A) be a soft subset of a soft topological space (X, 1, A). A soft point x, €
SP (X ), is said to be Sp. -interior soft point of (F, A) if there exists an §p, -open set (G, A) such

that x, € (G,A) < (F,A). The set of all §p_-interior soft points of (F, A) is called $p.-interior of
(F,A) and is denoted by Sp.int(F, A).

Proposition 3.15: Let (F,A) be a soft subset over X . If a soft point x, is in thesp, -interior
of (F, A), then there exists a soft closed set (H, A) of X containing x, such that (H,A) € (F,A).

Proof. Suppose that x, € Sp.int(F, A), then there exists an §p.-open set (G, A) containing X, such
that (G,A) € (F,A). Since (G,A) is §p.-open set, there exists a soft closed set (H, A) of X
containing x,, such that (H,A) € (G,A) < (F,A).Hence x, € (H,A) < (F,A).

Corollary 3.16: Let X be a soft topological space and (F,A) be any soft set over X and x, €
SP (X),. Then x,is an Sp.-interior soft point of (F,A) if and only if (F,A) is an Sp.-
neighbourhood of x,,.

Proof. Obvious.

Some properties of $p, -interior soft sets are stated in the following Proposition and their proof are

Volume 4, Issue 2; December, 2018 197



Eurasian Journal of Science & Engineering | EAJSE
ISSN 2414-5629 (Print), ISSN 2414-5602 (Online)

straightforward.
Proposition 2.17: Let (X, 7, A) be a soft topological space and (F, A) be any soft set over X , then

The Sp.-interior of (F, A) is the union of all §p.-open sets which are contained in (F, A).
Spcint(F, A) is §p.-open set in X contained in (F, A).

Spcint(F, A) is the largest $p.-open set contained in (F, 4).

(F,A)is 5p. -open if and only if (F,A) = Sp.int(F,A).

Spcint(Spcint(F,A)) = Sp.int(F, A).

a b~ wbdRe

Some other properties of Sp.-interior of a soft set (F, A) are mentioned in the following statements:

Proposition 3.18. Let (X, 7, A) be a soft topological space and (F, A), (G, A) be any soft sets over X,
then

1-5pint(0) = B and $p.int(¥) = X.

2- §p.int(F,A) € (F,A).

3—1If (F,A) € (G,A),then Sp.int(F,A) < §p.int(G,A).
4- 3p.int(F,A) U Sp.int(G,A) < Sp.int((F,A) U (G, A)).
5- §p.int(F,A) N §p.int(G,A) 2 Sp.int((F,A) n (G, A)).

i ~>whbh e

Proof Obvious.

In general, the equality of (4) and (5) do not hold as is illustrated in the following two examples:

Example 3.19: Consider X = {a,b}, and E = {0,1}E = {0,1}. We consider

$p.0(X) = {8,X, (H;, A);i = 12,..,6}, where

_({a} ifx=0 _({b}ifx=0 _(@ifx=0
Hl(x)_{q) ifx=1 HZ(x)_{{a} ifx=1 H3(x)_{{b} ifx=1

_({la,b} ifx=0 _({a}ifx=0 _({b} ifx=0
H4(x)_{{a} if x =1 HS(")‘{{b} if x =1 HG(x)_{{a,b} if x =1

@ ifx=0

If (F,A), (G A) and (H,A) = (F,A)U (G,A) define as F(x)={{a} i1 =
{g’}i"]’: ;‘:f CHG ={§Z§ ZZ’; Zg Sp.int(F,A) = ¢ and $p,int(G,A) =0 , then

Spcint(F,A) U Sp.int(G,A) = @ and Sp.int(H,A) = (H, A) It follows that Sp.int(F,A) U
Sp.int(G,A) # Sp.int((F,A) U (G,A)).

Example 3.20 : Consider the co-finite soft topological space X, with the same set of parameters A,

where X = A = N the set of all natural numbers, T = {@, X} U {G; (n), G,(n)}, where G: A - P(X)
such that Gy(n) ={2n,foreveryn€ N} and G,(n) ={2n+1, foreveryn € N} U {0},
easily can be checked that both G;(n), G,(n) are soft pre open sets and since co-finite soft
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topology is soft T;-space then by Proposition 2.12 G,(n), G,(n) are 5p. -open sets, therefore
§pcintGy(n) N 3p.intG,(n) = G;(n) N G,(n) = {0} but 3p.int(G;(n) N G,(n) = Sp.int{0} =

@ . It follows that Sp.int(F,A) N Sp.int(G,A) # §p.int((F,A) n (G, A)).

Proposition 3.21. For a soft subset (F, A) over X, we have §p.int(F,A) C §pint (F,A)
Proof . Follows from the fact that every $p.-open set is soft pre-open.

The following example shows that the converse of Proposition 3.21 does not hold in general.

Example 3.22:Consider U = {uy,u,, u3}, A ={ey,e;} and (F,A) = {(ey, {u1}), (ez, {ug, u )} .
The class of all soft subsets over U is denoted by SF(A). Then (F;,A) = {(e1, {u1})}, (F,A) =

{(er, {ur D), ez, {ur D)}, (F5,4) = {(er, {w}), (2, {uzD)} , (Fp A) = {(ez, {ug,uz1)} , (Fs5,4) =
{(es, {u1 D} , (Fs, 4) = {(ex, {uz )} (F;,A) = (F,A), (Fg,A) = (F, ) . Define the soft topology
= {(FB'A)' (F7,A), (Fl,A), (F3'A)' (F4'A)' (FGJA)} = §p0(X)1 and §pCO(X) =
{(Fg,A), (F;,A), (F,A),,(F,A)} . If we take (F;,A) then Sp.int(F3, A) = (F,A) and
Spint(F3, A) = (F5,A). Thus shows that Sp.int(F,A) 2 Spint (F,A)

Proposition 3.23: Let (F, A) be a soft subset of X. Then, §p.int(F,A) = (F,A)\Sp. D(X\(F,A)).
Proof. If x, € (F,A) \Sp. D(X \ (F, A)), then x, & Sp. D(X \ (F,A)) and then, there exists an $p,

-open set (G, A) containing x,, such that (G,A) N X \ (F,A) = @.Then, x,, € (G,A) € (F,A) and
hence x, € Sp.int(F,A), that is (F,A)\Sp. D(X\ (F,A)) < 3p.int(F,A).On the other hand,
if x, € Sp.int(F,A), then x, & Sp.D(X\ (F,A)) since, Sp.int(F,A) is S$p. -open and
$p.int(F,A) 0 (X \ (F,A)) = 0.Hence, §p.int(F,A) = (F,A)\ §p.D(X \ (F,A)).

Definition 3.24. Let (X, 7, A) be a soft topological space and (F, A) be a soft set over X. Then, §p,-

closure of (F,A)is denoted by Sp.cl(F,A) and is defined as the intersection of all $p.-closed
super sets of (F, A).

Proposition 3.25. Let (X, 7, A) be a soft topological space and (F, A) be a soft set over X. Therefore
a soft point x, € SP (X ),, the following are equivalent:

1. Forany 3p-open set (G, A) containing x,,we have (G, 4) N (F,A) =0.
2. Xxq € Sp.cl(F,A)
Proof.1 =+ 2: x, € Sp. cl(F,A) , then there exists a Sp.-closed set (K, A) such that (F,A) <

(K,A) and x,€& Sp.cl(K,A). But \ (K,A) Sp.-open set containing x, And therefore (F,A) N
X\ (K,A) € (F,A) n X\ (F,A) = @, which is contradiction. Hence x, € §p.cl(F,A) .

2 — 1: Suppose there exists a 5p, -open set (G, A) containingx,, such that (G,A) n (F,A) =@ ,
then (F,A) € X \ (G, A). Since X\ (G, A) is 5p. -closed set, $p, cl(F,A) € X\ (G, A). Hence x,
&5p. cl(F, A) contradiction .
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Corollary 3.26. Let (F,A) be any soft subset over X. If (F,A) n (H,A) = @, for every soft

closed set (H, A) containing x,, then the soft point x, € Epccl(F, A).

Proof. Suppose that (G, A) is any $p.-open set containing x,, then there exists a soft closed set
(H, A) such that x, € (H,A) S (G,A). So by hypothesis (F,A) n (H,A) = @ which implies that
(F,A)n (G,A) =@ for every §p.-open set (G, A) containing x,. Therefore, by Proposition
3.25, x, € Sp.cl(F, A).

Proposition 3.27. Let (F, A) be a soft subsets over X , then Spccl(F, A) = (F,A) U 3pcD(F, A).

Proof. Since $p.D(F,A) < Sp. cl(F,A) and (F,A) < Sp. cl(F,A), then (F,A) USp.D(F,A) <
$p. cl(F,A). On the other hand, Since $p.cl(F,A) is the smallest §p. -closed set containing
(F,A), so it is enough to prove that (F,A) U Sp.D(F,A) is Sp.-closed. Letx, & ((F,A) U
S$p.D(F,A)). This implies that x,, ¢ (F,A) and x, & Sp. D(F, A), which mean that there exists an
Sp. -open set (G, A) of x, which contains no soft point of (F,A)other than x, and x, & (F, A).
So (G, A) contains no soft point of (F, A), which implies that (G,A) € X\ (F,A). Again, (G, A) is
an Sp.-open set of each of its soft points. But as (G, A)does not contain any soft point of (F,A), no
soft point of (G, A)can be $p. -limit soft point of (F,A). Therefore, no soft point of (G,A) can
belong to §p.D(F,A). This implies that (G,A) < X\ §p.D(F,A). Hence, it follows that x, €
(G,A) € X\ (F,A) n X\3p.D(F,A) € X\ ((F,A) U3p.D(F,A)). Therefore, (F,A) U
Sp.D(F,A) is Sp. -closed. Hence, sp.cl(F,A) < (F,A) U3Sp.D(F,A). Thus, Sp.cl(F,A) =
(F,A) Usp.D(F,A).

Some properties of Sp.-closure of soft sets are given in the following results:

Proposition 3.28. For any soft subset (F,A) of a soft topological space X . The following
statements are true:

X\ §p.cl(F,A) = 3sp.int(X\ (F,A)).
Spccl(F,A) = X\ $p.int(X\ (F,A)).
X\ sp.int(F,A) = 3p.cl(X\ (F,A)).
Spcint(F,A) = X\ Sp.cl(X\ (F,A).

el N

Proof. We shall prove only (1), because the other parts can be proved similarly.

1) For any soft point x, € SP (X )4, xq € X\ $p.cl(F,A) if and only if x, & Sp.cl(F,A)) if
and only if for each (G, A) € §p,0(X ) containing x,, there is (F,A) n (G,A) = @ if and only if
x, € (G,A) € X\ (F,A)ifandonly if x, € §p.int(X \(F,A)).

Proposition 3.29. For soft subsets (F, A) and (G, A) over X, the following statements are true:

1. 3p.cl(F,A) isan §p.-closed set in X containing (F, A).

2. $pccl(F,A) is the smallest $p, -closed set in X containing (F, A)

3. (F, A) is §p.-closed set if and only if (F,A) = 3p.cl(F,A), then, 5p.cl(Sp. cl(F,A)) =
Spccl(F,A).
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$p.cl(@) = @ and $p. cl(X) = X .

(F,A) € 8p.cl(F,A).

If (F,A) € (G,A) thenSp.cl(F,A) < Sp. cl(G,A).
Spe cl(F,A) U3sp.cl(G,A) € 3p. cl((F,A) U (G,A)).

Sp. cl ((F,A)n (G,A)) c 5p, cl(F, AN 3p. cl(G, A)

®© N oA

Proof. Obvious.

Generally, the equality in (7) and (8) does not hold as shown in the following examples.

Example 3.30: Considering the result in Example 3.20 that Sp.int(F,A) N 8p.int(G,A) #
$pcint((F,A) n (G,A)). Also by Proposition 3.28 (4) 3p.cl((F,A)u (G, A4)) =X\
3pcint(Gy(n) N Gy(n)) = X\3p.int({0} = X\@ = X, where (F,A) =X\G;(n) and (G, A) =
X\G,(n). But Spc cl(F,A) U §p, cl(G, A) = X(8p,intG,(n) U §p.intG,(n)) = X\{0}
Thereforesp, cl((F,A) U (G, A)) # 5p. cl(F,A) U 5p, cl(G,A)

Example 3.31. Considering the soft space (X, t, A) as defined in Example 3.19 if (F, 4), (G, A) and

(H,A) = (F,A) 0 (G, A) define as F(x) = {{?:C}} i;f xx=:10 G(x) = {{é‘f'cl}’} ‘l]}’; T
H(x):{{{:;} ll];’; Zg Spocl(F,A) =X and 3p.cl(G,A)= X , then Sp.cl(F,A)n

Sp.cl(G,A) = X and $p.cl(H,A) = (H,A). It follows that 3p.cl(F,A) N §p.cl(G,A) +

Proposition 3.32. For a soft subset (F, A) over a soft space X, $pcl (F,A) € 3p, cl(F,A).

Proof. Follows from the fact that every $p.-closed set is soft pre-closed.
The following example shows that the converse of Proposition 3.32 does not hold in general.

Example3.33: Consider the soft topological space in Example 3.22 and take (F,,A) then
Spcl(F,,A) = (F,,A) since (F,,A) is soft pre closed but sp.cl(F,,A) = (F,A) which
Spcl (F,A) 2 Sp. cl(F,A).

Corollary 3.34. Let (F,A) be any soft set of a soft space X . If (F,A)is both soft open and soft
closed, then (F,A) = §p. int(Sp. cl(F, A)).
Proof. Obvious.

Proposition 3.35. Let (Y, 7y, A) be a soft subspace of a soft space (X,t,4) and (F,A) c Y. If Y is
soft clopen, then 3p, clY (F,A) = 3p. cl(F,A)nY.

Proof. Let x, € §p. cl(F,A)nY, then x, € §p. cl(F,A) and x, €Y. Take any (G,A) €
$p.0(Y) containing x,. Since Y is soft clopen by Proposition 2.13 (G, A) € §p.0(X ) containing
x, and hence(G,A) n (F,A) # @. This implies that x, € 3p.cly(F,A) Thus §p, cl(F,A)nY <
Spccly(F,A). Letx, € §p.cly(F,A),sothat x, € ¥,let (G,A) € §p.0(X ) containing x,. Then
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By Corollary 2.1.29 (G,A)n¥ €sp.0(Y). Then (G, AN(F,A)#0. So x,€
Sp. cl(F, A) which implies that x, € §p, cl(F,A) n Y. Therefore 3p.cly (F,A) S3p.cl(F,A) N
Y. Thus §p.cly (F,A) = Sp.cl(F,A) n Y.

Definition 3.36. Let (F,A) be a soft subset of a soft space X, then the $p, -boundary of (F, A)is
define as Sp.cl(F, A) \ Sp.int(F, A) and is denoted by §p.Bd(F, A).

Proposition3.37 For any soft subset (F, A)of a soft space X , we have the following properties:

Spccl(F,A) = Sp.int(F,A) USp.Bd(F,A).

§p.int(F,A) N Sp.Bd(F,A) = @

3) $p.Bd(F,A) = 3p.cl(F,A) n Sp.cl(X\ (F,A)).
(4)Sp.Bd(F,A) is §p. — closed.

(5) $pcBd(F,A) = 3p.Bd(X \ (F,A)).

(6) Sp:.Bd(Sp.Bd(F,A)) < §p.Bd(F,A).
(7)8p.Bd(Sp.int(F,A)) < Sp.Bd(F,A).

(8) Sp.Bd(Sp. cl(F,A)) < Sp.Bd(F,A).

(9) Sp.int(F,A) = (F,A)\ Sp.Bd(F,A).

10. (10) X = 3p.int(F,A) U §p.int(X\ (F,A)) U 3p.Bd(F,A).
11. (11) X\ $p.Bd(F,A) = 5p.int(F,A) U p.int(X \ (F, A)).

© PN U e W N e

Proof. Straightforward

Remark 3.38. Let (F,A) and (G, A) be soft subsets of a soft space X , then, (F,4) S (G, A) does
not imply that either $p.Bd(F,A) < 5$p.Bd(G,A) or §p.Bd(G,A) < 5p.Bd(F,A), as it is varied
in the following example.

Example 3.39: Considering the soft space (X, 7, A) as defined in Example 3.22 if

we take (Fg,A) € (F,A) then §p.Bd(Fs A) = (F,,A) and 3§p.Bd(F,,A) =¢. Thus
$p.Bd(Fs,A) & §p.Bd(F,, A) .

Proposition 3.40. For any soft subset (F, A) of a soft space X, §pBd (F,A) € §p.Bd(F,A).

Proof. Let x, € §pBd (F,A) and (G, A) be any p.-open set containing x,, then, (G, A) is a soft
pre-open set and §pBd (F,A) = §pcl (F,A) n 3Spcl (X\(F,A)) implies that (G,A) n (F,A) = @
and (G,4) n X\ (F,A) # @, and hence by Proposition 3.37(3), X, €
Sp.Bd(F,A).Thus §pBd (F,A) < 5p.Bd(F,A).

In general, the converse of Proposition 3.40 may not be true, as shown in the following example:

Example 3.41:.Considering the soft space (X, t,A) as define in Example.3.22, if we take (Fg, A)
then $p.Bd(F,, A) = (F,, A) and $§pBd(Fs, A) = @. This shows that §p,Bd(F, A) & $pBd(F, A).

Next, §p.-open and $p.-closed sets in terms of $p.-boundary are characterized in the following
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result :
Proposition 3.42: For a soft subset (F, A) of a soft space X, the following statements are true:

(F, A) is both 5p.-open and 3p,-closed if and only if $p.Bd(F,A) = @.

(F,A) € 5p.C (X)ifand only if 5p.Bd(F,A) < (F, A).

If (F,A) is Sp.-closed, then $p.Bd(F,A) = (F,A)\ §p.int(F,A).

(F,A) €3p.,0(X) if and only if $p.Bd(F,A) <X\ (F,A) that is, (F,A) N
$p.Bd(F,A) = ©

5. (F,A)isSp.-openifandonly if $Sp.Bd(F,A) = Sp. D(F,A).

BN e

Proof. (1) Suppose that$p.Bd(F,A) =@, then, 3§p.CL(F,A)\Sp.int(F,A) =@, implies
that Sp.cl(F,A) = Sp.int(F,A) = (F,A). Therefore, (F, A) is both $p.-open and §p.-closed set.
Conversely, if (F, A) is both 3p.-open and 3$p.-closed set, then (F,A) = Sp.int(F,A) =
$pcl(F, A) and hence §p.Bd(F, A) = Sp.cl(F,A) \ Spgint(F,A) = 9.

The proof of the other parts follows easily.
By the following example we show that §p.Bd (§p.Bd(F,A)) # Sp.Bd(F,A)
Example 3.43: Considering the soft space (X, 7, A) as defined in Example 3.22 if

we take (Fg, A) then Sp.Bd(Fg, A) = (F4,A) and since (F,, A) is both §p. — open and Sp, —

closed  then Sp.Bd(F4,A) = ¢ . ThusSp.Bdsp.Bd(Fg, A) = ¢. It follows that
$p.Bdsp.Bd(F,A) # §p.Bd(F,A)

Proposition 3.44: If (F,A) = $p.0(X) U $p.C(X), then Sp.BdSp.Bd(F,A) # 5p.Bd(F, A)

Proof. Let(F,A) = §p.0(X) U $p.C(X) . For any subset (F, A) of X, we have §p.Bd3sp.Bd(F,A) =
(Spccl(F,A) N §p.cl(X\(F,A)) n §p.cl (X\Sp.clBd(F,A)). Since, (F,A) €35p.0(X) (resp.
(F,A) € 3p.C (X)), by Proposition 3.42(2), (F,A) n§p.Bd(F,A) = ¢ (resp. by Proposition
3.42(3), $p.Bd(F,A) < (F,A)) and hence §p, cl(F,A) S §p. cl(X \ §p.Bd(F,A) (resp.,3p.cl(
X\(F,4)) € 3pccl(X\ 35p.Bd(F,A)). Thus, we obtain §p.Bd(5p.Bd(F,A)) = §p. cl(F,A) N
Sp. cl(X \(F,A)) = 5p.Bd(F,A) by Proposition 3.37 (3). This completes the proof.

It is well known that if (F,A) n (G,A) = ¢ and (F,A) is 5p. -open, then (F,A) N §p, cl(G,A) =
¢. Using this fact, the proof of the following proposition is immediately obtained.

Proposition 3.45: Let (F,A) and (G, A) be soft subsets of a soft space X . If (F,A) n (G,A) = ¢

and (F, A) is §p. -open set, then, (F,A) n $p. Bd(G,A) = ¢.
Proposition 3.46. Let (F,A) € (G,A) and (G, A) € §p. C (X ).Then,Sp. Bd(F,A) € (G, A).

Proof. Since, (F,A) € (G,A) implies (F,A)n (X\ (G,A)=¢ and (X \(G,A)) €3p.0(X),
then by Proposition 3.42(5), (X \ (G,A)) n §p. Bd(F,A) = ¢ implies $p, Bd(F,A) < (G, A).
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4. Almost Sp.-continuous

Definition 4.1: A soft mapping f,,,: (X, 7,4) - (Y, 1y, B) is called almost §p.-continuous at a soft
point x, € SP(X) ,, if for each soft open set (G, B) of ¥ containing fou(Xq), there exists an Sp.-
open set (F,A) of X containing X, such that fou(F,A)E Sint3cl(G,B). If f,, is almost Sp.-
continuous at every soft point of X, then it is called almost §p,.-continuous mapping

Theorem 4.2 : For a mapping f,,,: (X, 7,4) = (Y, 7y, B) , the following statements are equivalent:

1. fpu isalmost Sp.-continuous.

2. For each x, € X and each soft open set (G, B) of ¥ containing f(X), there exist s a 5p,-
open set (F,A) in X containing x,, such that f((F,A)) € 3scl(G,B) .

3. For each x, € X and each soft regular open set (G, B) of ¥ containing f(X), there exist s a
§p.-open set (F,A) in X containing x,, such that f((F,A)) < (G,B) .

4. For each x, € X and each soft §-open set (G, B) of ¥ containing f(X), there exist s a §p.-
open set (F,A) in X containing x,, such that f((F,A)) € (G, B) .

Proof. . 1 - 2. Let x, € X and let (G, B) be a soft open set of ¥ containing f(X),. By (1) there
exists a §p.-open set (F, A)of X containing x,, such that f((F,A)) € §intscl(G,B) . Since (G, B)
is soft open set and hence (G, B) is soft preopen set. By Lemma 2.14 $intScl(G, B) = $scl(G, B).
Therefore f((F,A)) < Sscl(G,B).

2 - 3. Letx, € X and let (G, B) be any soft regular open set of ¥ containing £ (X),. Then (G, B)is
a soft open set of ¥ containing £ (X),.By (2) there exist a $p.-open set (F,A) of X containing x,
such that f((F,A)) < §scl(G, B). Since (G, B) is soft regular open and hence soft pre-open set . By Lemma
2. 14 $scl(G, B) = SintsScl(G, B).Therefore f((F, A)) < Sintscl(G, B). Since (G, B) is soft regular open,
then f((F, A)) < (G, B).

34 . Letx, €X and let (G,B) be any soft 5- open set of ¥ containing f(X),. Then for each
f(X), € (G,B), there exists a soft open set (H,B) containing f(X), such that (H,B) <
Sintscl(H, B) € (G, B). Since $intscl(H, B) is soft regular open set of ¥ containing f(X),. By (3)
there exist a $p.-open set (F,A) of X containing x, such that f((F,A)) C SintSscl(G,B) <
(G,B).

4 - 1. Letx, € X and let (G, B) be any soft open set of ¥ containing f(X),. Then §intsscl(G, B)
is soft 5- open set of ¥ containingf (X),. By (4) there exist a $p.-open set (F,A) of X containing
xq such that f((F,A)) € SintSscl(G, B). Therefore f,,,is almost 3p.-continuous.

Theorem 4.3: Let f,,: (X, 7,4) = (Y, 7y, B) is an almost §p.-continuous mapping and (G, B) be
any soft open subset of Y. If x,, € §p.clf;'((G,B)) \ fi' (G, B)), then f(x), € $p.cl(G, B).
Proof. Let x, € X such that x, € 3p.clf'((G,B)) \ fpi' (G, B)), and suppose f(x), &
Sp.cl(G, B). Then there exists a $p.-open set (H, B) containing f (x), such that (G, B)N(H,B) = 0.
Then $cl(H, B) n (G, B) = @ implies that sintscl(H, B) n (G, B) = @ and SintScl(H, B) is soft regular open
set. Since f,,,, is almost $p.-continuous , by Theorem 4.2 there exists a Sp.-open set (F,4) of X
containing x, such that f,,,((F,A)) < SintScl(H, B). Therefore f,,,((F,A)) n (G,B) = @. However ,
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since x, € $pcclfp (G, B)) \ f' (G, B)) # @ for every Sp.-open set (F, 4) of X containing x,. So
that f,,,,((F, A)) n (G,B) # @.WE have a contradiction. It follows that f(x), € $p.cl(G,B).

Theorem 4.4: For a mapping f,,: (X,7,4) - (Y, 1y, B) , the following statements are equivalent:
1. fou isalmost Sp.-continuous

- (SintScl(G, B))is Sp.-open set in X, for each soft open set (G, B) of Y.

fou (SintScl(K, B))is $p.-closed set in X, for each soft closed set (K, B) of Y.

fou (K, B))is $p.-closed set in X, for each soft regular closed set (K, B) of Y.

i (G, B))is Sp.-open set in X, for each soft regular open set (G, B) of Y.

o~ D

Proof. 1 — 2. Let (G, B) be a soft open set of ¥. We have to show that f,;!(Sintscl(G, B))is §p.-
open set in X. Let x, € f,' (§intScl(G, B)). Then f(X), € Sint5cl(G,B), and Sintscl(G,B) is a soft
regular open set in Y . Since fy,, is almost Sp.-continuous. Then by Theorem 3.2, there exist a Sp.-
open set (F,A)of X containing x, such that f((F,A)) € $intscl(G,B), which implies that x, €
(F,A) S f(Sint5cl(G, B)). Therefore f,! (Sintscl(G, B)) is $p.-open set in X.

2 - 3. Let (K, B) be any soft closed set of ¥. Then ¥ \ (K, B) is a soft open set of Y. By (2)
frl(Sintscl(Y \ (K,B))) is Sp.-open set in X and fu'(Sintscl(Y \ (K,B)))= ! (Sint(¥ \
sint(K, B)))= ! (Y \ Sclsint(K, B))=X \ ! (SclSint (K, B)) is Sp.-open set in X. And hence
fou (SclSint (K, B)) is §p,-closed set in X.

3 - 4. Let (K, B) be any soft regular closed set of ¥. Then (K, B) is a soft closed set of ¥. By (3)
fou (SclSint (K, B)) is Sp.-closed set in X. Since (K,B)is soft regular closed set. Then
fou (SclSint (K, B))=f, (K, B). Therefore f,,' (K, B) is §p.-closed set in X.

4 - 5. Let (G, B) be any soft regular open set of Y. Then ¥ \ (G, B) is soft regular closed set of ¥
and By (4), we have f,}(¥\ (G,B))=X\ f»(G,B) is §p.-closed set in X and hence £,;}(G, B) is
Sp.-open set in X.

5 - 1. Let x, € X and let (G, B) be any soft regular open set of ¥ containing f(X),. Then x,, €
four (G,B). By (5), we have f;'(G,B)is Sp.-open set in X. Therefore we obtain that

fou (fp;}(G, B)) < (G, B). Hence by Theorem 3.2. f,,, is almost Sp.-continuous.

Theorem 4.5: A mapping f,: (X,7,4) = (Y, 7y, B) is almost $p.-continuous if and only if
ot (G, B)) € $pcint fi* (SintScl(G, B) for every soft pre-open set (G, B) of Y.

Proof: Let (G,B) be any soft pre-open set of Y. Then (G, B) € §intscl(G, B) and §int3cl(G, B) is
soft regular open set of ¥. Since fpu is almost Sp.-continuous, by Theorem 4.4, fp;1(§int§cl(6, B) is
Spc-open set of X and hence we obtain that f,'((G,B)) C f'(SintScl(G,B) =
$pcint fi! ($intscl(G, B).

Conversely, Let (G,B) be any soft regular open set of ¥.Then (G, B) is soft pre-open set of Y. By
hypothesis, we have  f,'((G,B)) C §p.int fy,(SintScl(G,B)) = Sp.int f (G, B)). Therefore
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fp;l((G, B)) is §p.-open set of X and hence by Theorem 4.4 fpu I almost $p.-continuous

Theorem 4.6: For a mapping fp,,,: (X, 7,A) — (Y, 7y, B) , the following statements are equivalent:
1. fpu isalmost $p.-continuous.

fou(Spccl(F, A)) € Scls(fy (F, A)) , for each soft subset (F, A)of X.

$pcclfy (G, B)) € fou (Scls((G, B)), for each soft subset (G, B)of ¥.

four (K, B)) is §p.-closed in X, for each soft §-closed subset (K, B) of Y.

fou (H,B)) is §p.-open in X, for each soft 5-open subset (H,B) of ¥.

fou (Sints(G, B)) S Sp.intfy,((G, B)), for each soft subset (G, B)of ¥.

Sintsfp,((F,A)) € fin,(Spcint (F,A)) , for each soft subset (F, A)of X.

N o ok~ wbd

Proof. 1 — 2. Let (F, A) be any soft subset over X. Since Sclsf,,, ((F,A)) is soft 5-closed subset ¥, it
is denoted by N {(Ky, A): (Ky, A) € SRC(Y), @ € A} where A is an index set, we have (F,A4) €
foi Gels (fou ((F, A)) =t (N {(Ky, A): @ € A)= 0 {f,}((Ky, A)); @ € A}. By (1) Theorem 4.2
fori (5cls (fi ((F, A)) is 3p.-closed in X. Hence 3p.cl(F,A) € f! (Scls(fpu ((F, A)). Therefore,
we obtain  f,, (Sp.cl(F,A)) C Scls(fp, (F,A)) .

2 - 3. Let (G,B) be any subset of ¥. Then f,,'((G,B)) is a soft subset of X. By (2) we have
Fou(5PeClft (6, B)) ) € Scls(fyufyu (6, B)) )= 5cls(G, B). Hence Sp.clf (6, B) € fiu(5cls (G, B)).
3> 4. Let (K,B) be a soft 5-closed subset of Y.By (3) $p.clfy!((K,B)) € fr!(Scls(K,B)) =
fou (K, B)) and hence f;!((K, B)) is §p.-closed in X.

4 - 5. Let (H,B) be asoft §-open subset of Y. Then ¥ \ (H, B) is a soft §-closed subset of ¥ and
by (4) £ (Y \ (H,B))=X \ f!(H,B) is §p.-closed in X. Hence f,,' (H, B) is §p.-open in X.

5 - 6. For each soft subset (G,B)of Y. We have Sints(G,B) S (G,B). Then f!(Sints(G,B)) S
i (G, B)). By (5) f! (Sints(G, B)) is $p.-open in X.Then f!(Sints(G,B)) S Sp.intfy!((G, B)).

6 — 7. Let (F, A) be a soft subset of X. Then fou((F, A) is a soft subset of Y. By (6) we obtain that
fol (Sints £ ((F, A))) € Spcintft (fpu((F,A))).  Hence  frl(Sintsfpy, (F,A))) S $p.int(F, A)
which implies that Sintsf, ((F,A)) € fopu(Spcint (F, A)).

7 - 1. Let x, € X and let (G, B) be any soft regular open set of ¥ containing f(X),. Then x, €
for(G,B). and f'(G,B)is a soft subset of X. By (7) we get Sintsfy,(f'(G,B)) S
fou(Spcint £ (G, B)) implies that Sints(G, B)) € fo, (Spcint f,! (G, B))). Since (G, B) be a soft regular
open set and hence is a soft §-open set, then (G, B)) S f,,(Spcint fp;}(G,B))), this implies that
four (G, B)) € $pcint fi' (G, B). Therefore £,,1((G, B)) is Sp.-open in X which contains x,. S0 f,y,is
almost §p.-continuous.

Theorem 4.7: The set of all soft points x, of X at which fou: X,7,A) = (Y, 7y, B) is not almost
Sp.-continuous is identical with the union of the $p.-boundaries of the inverse image of soft
regular open subsets of ¥ containing fou(X) -

Proof. If f,,,is not almost $p.-continuous at x, of X, then there exists a soft regular open set (G, B)
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containing f,,, (x), such that for every $p.-open set (F, A) of X containing x,, fpu((F,A)) N\
(G,B)) # ¢. This means that for every §p.-open set (F,A) of X containing x,, we must have
((F,A) n (X \ /i (G,B)) # ¢. Hence, it follows that x, € §p.cl(X \ ft ((G,B))). But x, €
7 ((G,B)). And hence x, € $p.clf}((G,B)). This means that x, belongs to the 3p.-
boundaries of £,;1((G,B)).

Conversely, suppose that x, belongs to the $p.-boundary of fp‘ul((Gl,B)) for some soft regular
open subset (G, B) of ¥ such that £, (x), € (G1,B). Suppose that f,,, is almost §p.-continuous
mapping at x,. Then by Theorem 3.2 there exists a $p.-open set (F,A) of X containing x,, such
that  f,,((F,A)) € (G;,B). Then (F,A) < f;,}((G,B)). This shows that x,€
Spcintft((G,B)). Therefore, we have xq € 5pccl(X\ [t ((G,B))) and  x, &
§pCBdfp;1((G, B)). But this is a contradiction. This means that f,, is not almost $p.-continuous.

Proposition 4.8: A mapping fp,,: (X,7,A4) = (Y, 7y, B) is almost $p.-continuous. If for each x, €
SP(X),, there exists a soft clopen set (F, A) of X containing x,, such that f,,,|(F,A); (F,A) - Y is
almost $p.-continuous.

Proof. Let x,, € SP(X), , then by hypothesis, there exists a soft clopen set (F, A) of X containing
X such that f,,,,|(F,A); (F,A) - ¥ is almost $p.-continuous. Let (G,B) be any soft sub set of ¥
containing f(x),, there exists a Sp.-open subset (H,A) of (F,A) containing x, such that
(Foul(F,4)) (H, 4) € $int5cl(G, B)). Since (F,A) is soft clopen set. By Proposition 2.12 (H,A) is

$p.-open subset in X and hence fou(H,A) € §int3cl(G, B)). This implies that f,,, is almost 3p,-
continuous.

Theorem 4.9: . If X=(F,A)uU(G,A) , where (F,A) and (G,A) are soft clopen sets and
fou: (X, 7,4) = (Y, 7y, B) is a mapping such that both f,,|(F,A) and f,,|(G,A) are both almost
Spc-continuous, then f,,, is almost $p.-continuous.

Proof. Let (H, B) be any soft regular open set of ¥. Then f,,;}((H, B)) = (f,ul(F,A))™*((H,B)) U
(fpul (G, A))~1((H, B)). Since f,,|(F,A) and f,,|(G,A) is almost 3p.-continuous. Then by
Theorem 4.4 (f,,|(F,A))"*((H, B)) and (f,,,,|(G,A))~*((H, B)) are §p.-open sets in (F,A) and
(G, A) respectively. Since (F,A) and (G, A) are soft clopen sets in X, then by Proposition .2.12
(Al-kadi, 2014) (Placeholderl) (f,,|(F,A))™'((H,B)) and (f,,,|(G,A))~*((H,B)) are 5p,-open
sets in X. Since the union of two $p.-open sets is $p.-open . Hence quf((H, B)) is §p.-open sets in
X. Therefore by Theorem 4.4 fpu 1s @lmost Sp.-continuous.

In general, if X =u {(K,,A); a € A}, where each (K,, A) is a soft clopen set and fou: (X, T,4) -
(Y, 7y, B) is a mapping such that f,,,|(Ky, A) is almost Sp.-continuous for each «, then f,,, is
almost $p.-continuous.

Theorem 4.10: Let X = (F;,A) U (F,,A) , where (F;,A) and (F,,A) are soft clopen sets . Let
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fou: (F1,4) = (Y, 7y, B) and gp,: (F2,A) — (Y,7y,B) be almost Sp.-continuous. If f,,,, (x), =

Ipu (%), for each x, € (F;,A) N (F,A) . Then the mapping hy,: (F;, A) N (F, A) - Y such that

h (x) — { fpu(x)oc if Xa € (FlvA)
pu a

. is almost §p.-continuous.
Iu®a  ifxg € (FpA) Pe

Proof. Let (G, B) be a soft regular open set of ¥. Now h,2((G, B)) = £, (G, B)) U gpi ((G, B)).
Since fy,is almost Sp.-continuous, then by Theorem 4.4, fp‘ul((G,B)) is Sp.-open set in (Fy, A).
But (F;,A) is soft clopen set in X. Then by Proposition 2.12 f;,}((G, B)) is 5p.-open set in X.
Similarly g, ((G,B)) is §p.-open set in (F,, A), and hence §p.-open set in X. Since the union of
two $p.-open set is $p.-open. Therefore, hyt((G, B)) = fl (G, B)) U gpit (G, B)) is Sp.-open
setin X. Hence by Theorem 4.4 h,,,, is almost $p.-continuous.

Theorem 4.11: Let f=f, ., :(X,7,4) - (Y,7y,B) be almost 3p.-continuous and g =
Ip,u,: (Y, Ty, B) = (Z,74,C) is soft continuous and soft open mapping. Then, the soft composition
mapping g ° f: (X, t,A) = (Z, 14 C) is almost §p.-continuous.

Proof. Let x, € SP(X), and (G, C) be any soft open set of Z containing g(f(x),). Since g is soft
continuous, g~1((G,C)) is a soft open set in ¥ containing f(x),. Since f is almost $p,-
continuous, there exists a Sp.-open set (F,A) of X containing x, such that f((F,4)) <
sint3clg™((G,C)). Also, since g is soft continuous, then we obtain that g o f((F,A4)) €
g(Sintg=(5cl((G,C)))). Since g is a soft open, we obtain g o f((F,4)) < sint3cl((G,C)).
Therefore g o f is soft almost §p.-continuous.

Finally we give the relation between §p.-continuous, almost §p.-continuous almost soft continuous
and soft continuous mapping.

Theorem 4.12: Let f,,: (X, 7,4) = (Y, 7y, B) is an almost $p.-continuous and Y is soft semi
regular. Then f,,is $p.-continuous.

Proof. Let x, € SP(X), and (G, B) be any soft open set of ¥ containing f,, (x,). By the soft semi
regularity of ¥, there exists a soft regular open set (H,B) of ¥ such that f,, (x,) € (H,B) S (G, B).
Since f,, is almost Sp.-continuous. By Theorem 4.2 there exist a Sp.-open set (F,A)of X
containing x, such that f,,,((F, A)) € (H,B) € (G, B). Therefore f,,, is Sp.-continuous.

Theorem 4.13: If (Y,ty,B) is a soft hyperconnected space, then every soft mapping
fou: (X,7,4) = (Y, 7y, B) is an almost §p.-continuous.

Proof. Letx, € SP(X), and (G, B) be any soft open set of ¥ containing fou(xq). Since Y is a soft
hyperconnected space. Then 5cl(G,B) = Y and hence §int§cl((G,C)) = Y. Therefore, we have
fou((F,A)) € 5int3cl((G, C)), where (F,A) be any $p.-open ser in X. This show that f,,, is an
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almost §p.-continuous.
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