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1 Introduction

Molodtsov [15] initiated a novel concept of soft set theory, which is a completely new approach for
modeling vagueness and uncertainty. He successfully applied the soft set theory to several directions
such as smoothness of functions, game theory, Riemann Integration, and theory of measurement. In
recent years, development in the fields of soft set theory and its application has been taking place in
a rapid pace. This is because of the general nature of parameterized expressed by a soft set. Shabir
and Naz [21] introduced the notion of soft topological spaces which are defined over an initial universe
with a fixed set of parameters. I. Zorlutuna et al. [24] studied some new properties of soft continuous
mappings and gave some new characterizations of sot continuous, soft open, soft closed mappings and
also soft homeomorphisms. Ittanagi [7] introduced the concept of soft bitopological space and studied
some types of soft separation axiom for soft bitopological spaces from his point of view. Kandil et al.
[[10],[12]]introduced some structures of soft bitopological spaces. Kandil et al. [8] introduced the concept

of generalized pairwise closed soft sets and the associated pairwise soft separation axiom namely, PSR
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and PSTY. Recently, Kandil et al. [11] introduced some types of pairwise soft separation axioms, namely,
PSTy, P?S‘Tl*, PSTy and PSR}. They studied the characterization and implications among these types
of separation axioms.

In the present paper, we will attempt to construct the basic theories about some types of Pairwise
soft continuous mappings namely, pairwise soft continuous mappings, pA (resp. pA, gp, pl)-soft continuous
mappings and open (closed)soft mappings between two soft bitopological spaces. The rest of this paper
is organized as follows. In section (2) we introduced briefly the notions of soft set,soft topology, soft
bitopological spaces, soft mapping and some related topics. In Section (3), based on some types of
soft, continuous mappings, we define pairwise soft continuous mapping from one soft bitopological space
to another soft bittopological space and give some characterizations of these types of soft continuous
mappings. We also investigate the behavior of pairwise soft separation axioms under such types of
soft continuous mappings. Section (4) gives the concept of p-soft open(closed) mappings. Some related

properties are studied. The last section summarizes the conclusions.

2 Preliminaries

In this section, we briefly review some concepts and some related results of soft set, soft topological
space and soft bitopological space which are needed to used in current paper. For more details about
these concepts you can see in [[7), [2], [3], [4], [5], [6], [8], [10], [11], [15], [16], [L7], [20], [21], [22], [23].

Let X be an initial universe, F be a set of parameters and P(X) be the power set of X.

Definition 2.1. [17] A pair (F, E) is called a soft set over X, where F is a mapping given by F : E —
P(X). A soft set can also be defined by the set of ordered pairs

(F,E)={(e,F(e)):e€ E, F:E— P(X)}.

From now on, SS(X)g denotes the family of all soft sets over X with a fized set of parameters E.

For two soft sets (F, E), (G,E) € SS(X)g, (F,E) is called a soft subset of (G, E), denoted by (F, E)C(G, E),
if F(e) C G(e),¥Ye € E. In this case, (G,E) is called a soft superset of (F,E). In addition, the
union of soft sets (F,E) and (G, E), denoted by (F, E)J(G, E), is the soft set (H,E) which defined as
H(e) = F(e) UG(e), Ye € E. Moreover, the intersection of soft sets (F,E) and (G,E), denoted by
(F, E)N(G, E), is the soft set (M, E) which defined as M(e) = F(e) N G(e), Ve € E. The complement
of a soft set (F,E), denoted by (F,E)¢, is defined as (F,E)° = (F°, E), where F¢ : E — P(X) is
a mapping giwen by F<(e) = X \ F(e), Ye € E. The difference of soft sets (F,E) and (G, E), de-
noted by (F, E)\ (G, E), is the soft set (H,E), which defined as H(e) = F(e)\ G(e), Ve € E. Clearly,
(F,E)\(G, E) = (F,E)N\(G, E)°. A soft set (F,E) is called a null soft set, denoted by (¢, E) , if F(e) = ¢,
Ve € E. Moreover, a soft set (F, E) is called an absolute soft set, denoted by (X, E), if F(e) = X, Ve € E.
Clearly, we have (¢, E)¢ = (X, E) and (X, E)¢ = (¢, E). Moreover, a soft set (G, E) is said to be a finite
soft set if G(e) is a finite set for all e € E. Otherwise, it is called an infinite soft set.
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Definition 2.2 ([1],[16],[18],[22]). A soft set (F,E) € SS(X)g is said to be a soft point in (X, E) if
there exist x € X and e € E such that F(e) = {x} and F(e') = ¢ for each ¢’ € E\ {e}. This soft point
is denoted by (z., E) or x., i.e.,

xe : E — P(X) is a mapping defined as

xe(a) = tey if e=a. foralla € E.

o) if e£a

A soft point (x., E) is said to be belonging to the soft set (G, E), denoted by x.€(G, E), if z.(e) C
G(e), i.e., {x} C G(e). Clearly, .E(G, E) if and only if (x., E)C(G, E). In addition, two soft points

Teys Ye, over X are said to be equal if v =1y and ey = ea. Thus, Te, # Ye, iff © # y or e # ea.
The family of all soft points in (X, E) is denoted by &(X)g.

Proposition 2.3. [22] The union of any collection of soft points can be considered as a soft set and every

soft set can be expressed as a union of all soft points belonging to it, i.e., (G, E) = {(ze, E) : 1.E(G, E)}.
Proposition 2.4. [22] Let (G, E), (H,E) be two soft sets over X. Then,
(1) 2.&(G,E) & 2.4(G, E)°.
(2) z.€(G,E)U(H,FE) < z.€(G,E) or z.€(H,F).
(3) 2.€(G,E)N(H, FE) & z2.€(G,E) and z.€(H, E).
(4) (G,E)C(H,E) & [2.6(G,E) = z.&(H,E)].
For more details for soft point you can see in [[16],[22],[18]].

Definition 2.5. [21], [19] Let n) be a collection of soft sets over a universe X with a fixed set of parameters
E, ie., n CSS(X)g. The collection 1 is called a soft topology on X if it satisfies the following axioms:

(1) (X.E).(¢.E) €.
(2) The union of any number of soft sets in n belongs to n,
(38) The intersection of any two soft sets in n belongs to 1.

The triple (X,n, E) is called a soft topological space. Any member of n is said to be an open soft set in
(X,n, E). A soft set (F,E) over X is said to be a closed soft set in (X,n, E), if its complement (F, E)¢
is an open soft set in (X,n, E).

We denote the family of all closed soft sets by 7n°.

Definition 2.6. [13],/25] Let SS(X)g and SS(Y )k be two families of soft sets. Let uw: X — Y and
p: E — K be mappings. We define a soft mapping fpu : SS(X)g — SSY )k as:

(i) If (G, E) € SS(X)g. Then, the image of (G,E) under fp,, written as fpu(G, E) = (fpu(G),p(E)),
is a soft set in SS(Y )k such that
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G BYk) = { eermton UGN AT 27 ) £ 0,
¢ if p7'(k)=¢

forallk € K.

(ii) If (H,K) € SS(Y)k. Then, the inverse image of (H,K) under fp., written as f,'(H,K) =
(fou (H), E), is a soft set in SS(X)p such that
foud (H,K)(e) = u™' [H(p(e))] VeeE.
Theorem 2.7. [13] Let SS(X)g and SS(Y)k be two families of soft sets. For a soft mapping fpu :
SS(X)g — SS(Y)k we have the following:

(2) fpu[Oiej(GivE)] = OiGIfPU(GivE) and fpu{ﬁiej(GivE)]éﬁiejfpu(GiaE)'
(3) (GvE)é(MvE) = fpu(GvE)éfpu(MaE)

Theorem 2.8. [13],[14] Let SS(X)g and SS(Y )k be two families of soft sets. For a soft mapping
fpu 1 SS(X)g — SS(Y)k we have the following:

(1) £, K) = (¢, E) and f,!(V, K) = (X, E).

2) St Uier(Hi K)) = Uiep fid (Hi K) and S (O (Hi K] = (e fyul (Hi, K).

(3) (H,K)C(N,K) = fp,! (H,K)Cf,.! (N, K).

Definition 2.9. [23] Let SS(X)r and SS(Y)x be two families of soft sets. A soft mapping fpu :
SS(X)g — SS(Y)k is called soft surjective(soft injective) mapping if u,p are surjective (injective)
mappings, respectively. A soft mapping which is a soft surjective and soft injective mapping is called a

soft bijection mapping.

Theorem 2.10. [23] Let SS(X)g and SS(Y)k be two families of soft sets. For a soft mapping fpy :
SS(X)g — SS(Y)k we have the following:

(1) £ (Y, K)\ (H K)] = (X,E)\ [, (H, K)] for any (H,K) € SS(Y)x.
(2) (G,E)éf;} [fou (G, E)] for any (G, E) € SS(X)g. If fou is a soft injective, the equality holds.
(3) foulfpu (H,K)|C(H,K) for any (H,K) € SS(Y)k. If fpu is a soft surjective, the equality holds.

Definition 2.11. [2/] Let (X,n, E) and (Y,0,K) be two soft topological spaces. A soft mapping fpu :
(X,n, E) — (Y,0,K) is said to be a soft continuous if the inverse image of any open soft set in (Y, 0, K)
is an open soft set in (X,n, E), i.e., f,/(H,K) €n for any (H,K) € 0.

Definition 2.12. [7] A quadrable system (X,n1,m2, E) is called a soft bitopological space [briefly, sbts],

where 11, n2 are arbitrary soft topologies on X with a fized set of parameters E.
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Definition 2.13. [10] Let (X,m,n2,E) be a sbts. A soft set (G, E) over X is said to be a pairwise
open soft set in (X,m,n2, E) [briefly, p-open soft set] if there exist an open soft set (G1,E) inn1 and an
open soft set (Ga, E) in n2 such that (G, E) = (G1, E)U(G2, E). A soft set (G, E) over X is said to be a
pairwise closed soft set in (X,m,n2, E) [briefly, p-closed soft set] if its complement is a p-open soft set
in (X,m,n2, E). Clearly, a soft set (F, E) over X is a p-closed soft set in (X,n1,n2, E) if there exist an
ni-closed soft set (F1, E) and an n2-closed soft set (Fa, E) such that (F, E) = (I, E)N(Iy, E).

The family of all p-open (p-closed) soft sets in a sbts (X, 71,72, E) is denoted by 112 (n§,), respectively.

Theorem 2.14. [10] Let (X,n1,1n2, E) be a sbts. The family of all p-open soft sets, denoted by ni2 or
771|;|772 is a supra soft topology on X, where

e = {(G,E) = (Gl,E)O(GQ,E) : (GZ,E) €ni,t =1, 2}
The triple (X, me, E) is the supra soft topological space associated to the sbts (X,m,n2, E).

Lemma 2.15. [8] For any sbts (X,n1,n2, E), we have (X,n5,n5, E) is an ordinary bitopological space,
for all e € E,where nf = {G(e) : (G,E) € n;},1=1,2, and nelng = n%y = {M(e) : (M, E) € ni2}.
Definition 2.16. [10] Let (X,n1,12, E) be a sbts and let (G,E) € SS(X)g. The pairwise soft closure of
(G, E), denoted by scly,,(G,E), is defined by

scly, (G, E) = ({(F, E) € 1ty : (G, E)S(F, E)}.

Clearly, scly,,(G,E) is the smallest p-closed soft set contains (G, E).For more details about the

properties of pairwise soft closure operator see in [10].

Definition 2.17. [10] Let (X,n1,m2, E) be a sbts and let (G, E) € SS(X)g. The pairwise soft interior
of (G, E), denoted by sint,,, (G, E), is defined by

sint,,, (G, E) = U{(H,E) € ni2 : (H, E)C(G, E)}.

Clearly, sint,,,(G,E) is the largest p-open soft set contained in (G, E). For more details about the

properties of pairwise soft interior operator you can see see [10].

Theorem 2.18. [10] Let (X,n1,m2, E) be a sbts and (G, E) € SS(X)g. Then,
(1) sinty,, (G, E) = [scly,, (G, E)¢]°.

(2) scly,, (G, E) = [sint,,, (G, E)°]°.

Definition 2.19. /8] Let (X,m1,1m2, E) be a sbts. A soft set (G, E) is said to be a generalized pairwise
closed soft set [briefly, gp-closed soft set] if scl,,,(G, E)C(H, E) whenever (G, E)C(H,E) and (H,E) is
a p-open soft set. A soft set (M, E) is called a generalized pairwise open soft set [briefly, gp-open soft

set] if its complement is a gp-closed soft set.

The family of all gp-closed (gp-open) soft sets on X denoted by GpC(X,n1,m2)r or GpC(X)g
[GpO(X,m,1m2)E or GpO(X)Eg], respectively.

Theorem 2.20. [8] Let (X, 1,12, E) be a sbts and (G, E) € SS(X)g. Then,
every p-closed soft set is a gp-closed soft set.
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Definition 2.21. [9] A soft set (G, E) is said to be a pairwise locally closed soft set in a sbts (X, n1,m2, F)
[briefly, pl-closed soft set] if (G, E) = (F,E)N\(H, E), where (F,E) is a p-closed soft set and (H,E) is a
p-open soft set. The complement of pl-closed soft set is called pl-open soft set. The family of all pl-closed
soft sets (pl-open soft sets) we denoted by PLCS(X,m,n2)g(PLOS(X,n1,m2)E), respectively.

Theorem 2.22. [9] Let (X,n1,m2, E) be a sbts. Then,
every p-open (p-closed) soft set is p-locally closed soft set.

Definition 2.23. [10] Let (X, 1,12, E) be a sbts and let (G, E) € SS(X)p. The pairwise soft kernel of
(G,E) [briefly, skery,,(G, E)], is the intersection of all p-open soft supersets of (G, E), i.e.,

skery,, (G, E) = N{(H,E) € ms : (G, E)C(H, E)}.

Definition 2.24. [10] A soft set (G, E) is said to be a pairwise A- soft set in a sbts (X,n1,n2, E) [briefly,
pA-soft set] if skery,,(G,E) = (G, E).

Theorem 2.25. [10] Every p-open soft set is a pA-soft set.

Theorem 2.26. [10] Let (X,n1,7m2, E) be a sbts. Then, the class of all pA-soft sets is an Alexandroff
soft topology on X. This soft topology denoted by npa. The triple (X, npa, E) is the soft topological space
associated to the sbts (X,n1,m2, F), induced by the family of all pA-soft sets.

Theorem 2.27. [10] Let (X, 01,12, F) be a sbts. Then,
mUn2 Cma Cnpa € SS(X)E.

Definition 2.28. [10] A soft set (G, E) is said to be a pairwise A-closed soft set in a sbts (X, n1,m2, F)
[briefly, pA-closed soft set] if (G,E) = (F, E)N\(H, E), where (F, E) is a p-closed soft set and (H, E) is a
pA-soft set. The family of all pA-closed soft sets we denoted by PANCS(X,m1,12)E.

Theorem 2.29. [10] Let (X, 01,12, F) be a sbts. Then,
(1) Every p-closed soft set is a pA-closed soft set.
(2) Every pA-soft set is a pA-closed soft set.

Theorem 2.30. [8] Let (X, 1,12, FE) be a sbts and let (F,E) € SS(X)g. Then,
the soft set (F, E) is a p-closed soft set in a sbts (X,m1,n2, E) iff it is both gp-closed soft set and pA-closed
soft set in (X, m1,1n2, F).

Definition 2.31. [8] A sbts (X,m,n2, E) is said to be a pairwise soft RS [briefly, PSR/ if
Ta€scly,, (ys, E) = yg€scly,, (zq, E),
where Tq,ys € (X)E.

Definition 2.32. [11] A sbts (X,n1,m2, E) is said to be a pairwise soft Ty [briefly, PST] if for each
Toy Yp € E(X) g with zo # ys, there exists (G, E) € my such that ,E(G, E), ys¢(G, E) or ys&(G, E),
2o #(G, B).
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Lemma 2.33. [11] Let (X,n1,m2, E) be a sbts. Then,
(X, m1,m2, E) is a PST{ if and only if for all xq,ys € &(X)E, Ta # yg there exists (G, E) € n2Un$,
such that z,&(G, E) and ys¢(G, E).

Definition 2.34. [8] A sbts (X, m,n2, E) is called a pairwise soft Tt [briefly, PSTy] if every gp-closed
2 2

soft set is a p-closed soft set.

Theorem 2.35. [8] Let (X, 11,12, E) be a sbts. Then, (X,m,1n2, E) is a PSTY if and only if every soft
2

point either p-open soft set or p-closed soft set.

Definition 2.36. [11] A sbts (X,n1,1m2, E) is said to be a pairwise soft Ty [briefly PSTY] if for each
Toy Yp € E(X)p with x4 # yp, there exist (G, E), (H,E) € ma such that ©,E(G, E), ys¢(G, E) and
yp€(H, E), 2o ¢(H, E).

Definition 2.37. [11] A sbts (X, m,n2, E) is said to be a pairwise soft Ty [briefly, PSTy ] if V o, yg €
E(X)E, o # ya, there exist (G, E), (H,E) € ma such that x4 €(G, E), yg€(H, E) and (G, E)N(H, E) =
(6, E).

3 Decompositions of pairwise soft continuous

Definition 3.1. Let (X,n1,m2, E) and (Y, 01,02, K) be two soft bitopological spaces. A soft mapping
fpu t (X,m,m2, E) — (Y,01,09,K) is said to be a pairwise soft continuous [briefly, p-soft continuous/
if the inverse image of any p-open soft set in (Y,o01,09,K) is a p-open soft set in (X,m,n, E), i.e.,
fod (H, K) € mga for any (H, K) € o12.

Theorem 3.2. Let fp, : (X,n;,E) — (Y,04, K), i = 1,2, be a soft continuous mappings. Then, the soft
mapping fpu : (X, m,n2, E) — (Y, 01,02, K) is a p-soft continuous.

Proof. Let (H,K) € o12. Then there exist (Hy, K) € o1 and (Hs, K) € o3 such that (H,K) =
(1, K)O(Hy, K) = [ (H, K) = [ [(Hy, K)O(Hy, K)]
= fou(H,K) = [ (Hi,K)Of,!(Hs, K) [by Theorem 2.8
(2)]. Since fpu : (X,ni, E) — (Y,04,K), i = 1,2, are soft continuous mappings, then f, '(Hi, K) € m
and f,.!(Hz, K) € na. It follows that f,.,'(H,K) = f,'(H1,K)0f,,!(Hy, K) € ma. Therefore, fp, :
(X,m,m2, E) — (Y,01,02, K) is a p-soft continuous mapping.

Remark 3.3. If fp @ (X,m1,m2,E) — (Y,01,02,K) is a p-soft continuous, then the soft mappings
fpu: (X,mi, E) = (Y,04,K), i = 1,2, need not be a soft continuous as shown by the following example.

Example 3.4. Let X = {x,y,z}, Y ={a,b,c}, E = {e1,ea} and K = {kq, ka}.
Let

,E), (G, E)},

,E),(H,E)},

where

(Gv E) = {(617 {xvy})a (62, {I})};
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(Hv E) = {(617 {yv Z}>a (627 {xvy})};

and let
01 {(éuK 7(Y=K)=(M=K)};
02 = {(éa )7 (YvK)v (Fa K)};
where

(M, K) = {(k1,{a,c}), (k2. {a,b})},
(F, K) = {(k1,{a,b}), (k2. {b})}.
Then (X,m, 12, E) and (Y, 01,092, K) are soft bitopological spaces.
Moreover,
mz = {(¢, E), (X, E), (G, E), (H,E), (P, E)}
where
(P,E) = (G, BYO(H, B) = {(ex, X), (¢2, {#,4})} and
012 = {3 K), (¥, K), (F, K), (M, K), (N, E)}
where
(N, E) = (F, EYO(M, E) = {(k1, Y), (k, {a,B})}.
Let fpu : (X,m,m2, E) — (Y, 01,092, K) be a soft mapping defined by
u(z) = byu(y) = {a},u(z) = ¢, and
p(e1) = ki, p(e2) = ka.
It is easy to prove that
Jou(@er, E) = (bry, K), fpu(Teys E) = (bry, K),
Jou(Wers E) = (ar,, K), fpu(Yes, E) = (ar,, K),
fou(zer; E) = (cry, K), fpu(Zey: E) = (cry, K).
Furthermore, we can prove that
Fpd (M) = (H, B), f,!(F,K) = (G, E), £, (N, ) = (P, E), f,,/(V, K) = (X, E), and f,,/($, ) =
(¢,E). Hence, fpu is a p-soft continuous but it is clear that fp, : (X,m,E) — (Y,01,K) and fp, :
(X,n2, E) — (Y,09, K) are not soft continuous mappings.

Theorem 3.5. Let (X,n1,m2, E) and (Y, 01,02, K) be two sbts and let fp,, : (X, 1,12, E) — (Y, 01,02, K)
be a p-soft continuous mapping. Then, u : (X, n5,n5) — (Y, 0%, 0%) is a p-continuous mapping ¥ (e, p(e) =

k) e Ex K.

Proof. Let A € o¥,. Then, by Lemma 2.15, there exists (H, K) € o5 such that (H, K)(k) = A.
Since fpy is a p-soft continuous, then f, '(H, K) € nia, implies f,.'(H, K)(e) € n§,. But by Definition
2.6 we have

FMH K (e) = |

~1

H, K)(p(e))]
=ut k

(
(H, K) (k)]

=u~1(A). Tt follows that u=*(A) € n%,. Hence, u is p-continuous.

K
K

Theorem 3.6. Let (X, n1,12, E) and (Y, 01,02, K) be two soft bitopological spaces and let fpy : (X, 11,12, E) —

(Y,01,02,K) be a soft mapping. Then, the following statements are equivalent:
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(1) fpu is a p-soft continuous.

(2) f,1(F,K) € 0§, for all (F,K) € of,.

(3) fpulscly,, (G, E)|Cscloy, [ fpu(G, E)] for any (G, E) € SS(X)p.

(4) sclyy, [fou (H, K)|Cfp0) [scloy, (H, K)] for any (H,K) € SS(Y)k.
(5) frllsinte,,(H, K)|Csinty,, [f.! (H, K)] for any (H,K) € SS(Y)x.

Proof. (1) = (2): Let (F,K) € of,. Then, (F,K)° € 015 it follows by (1) that f,,'(F, K)¢ is
a p-open soft set in (X, 71,72, E). But, by Theorem 2.10 (1), f,,)(F, K)® = [f,,}(F, K)]°. Therefore,
fp_ul(F, K) is a p-closed soft set in (X, 71,72, E), i.e., f;} (F,K) € nf,.

(2) = (3): Let (G, E) € SS(X)g. Then,

fou(G, E)Cscloy, [fou(G, E)] = fol fou(GE)C [t scloy, [ fpu(G, E)] [by Theorem 2.8 (3)]
= (G, E)pru1 o012 [ fpu (G, E)] [by Theorem 2.10 (2)]
= scly,, (G, E)éfz;}sclglz[fpu(G, E)] [from (2)]
= fpu[SClmz (G, E)]pruf;;;lsclau [fou(G, E)]
= foulscly, (G, E)|Csclyy, [fou(G, E)]  [by Theorem 2.10 (3)].

(3) = (4): Let (H,K) € SS(Y)k. Then, f,,}(H,K) € SS(X)g it follows from (3) that

fpu [Sdﬁlz [f;;;l (H7 K)]]é‘SClUlz [fpu[f;;} (H7 K)]]

Since fpu[fp, (H, K)|C(H, K), then scly,,[fpu [fou (H, K)]|Cscly,,(H, K). Therefore,
fpu [Sdnm [fp_ul (Hv K)]] ésczdm (Hv K)

it follows that f,.! fpulscly,, [foul (H, K fl [sclo,, (H, K)).
Hence, scly,, [fz;1 (H,K)) sz;} [scly,, (H, K)].

(4) = (5): Tt is worth noting that for any (G, E) € SS(X)g, (G, E)¢ = (X, E)\ (G, E), and for any
(H,K) € SS(Y)k, (H,K) = (Y,K)\ (H,K). Now, let (H,K) € SS(Y)g. Then (Y,K)\ (H,K) €
SS(Y) k. It follows from (4) that

Sl [fod [V, K) \ (H, K|S £ [sclo[(Y, K) \ (H, K)]] which gives

(X,E)\ Fod [sclo, (Y, K)\ (H, K)S(X,E)\ sClnyy [ fon (Y, EK)\ (H, K)o (%).
Now, fpu [sinty,, (H,K)] = Jou [(37 K)\ sclglz[(f’,K) \ (H, K)]][by Theorem 2.18]

(X, E)\ follsclo, (Y, K)\ (H,K)]] [by Theorem 2.10 (1)]
(X, E)\Sdﬁlz[ vl (Y K)\ (H, )]] [from. ()]
( X JE)\ sclmQ[(X E)\ fpu (H,K)] [by Theorem 2.10 (1)]
ity [ L(HK).

Il
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Consequently, f,.![sinty,,(H, K)|Csinty,,[f.! (H, K)].

(5) = (1): Let (M, K) € o12. Then sint,,,(M,K) = (M, K) it follows from (5) that
fou (M, K)Csinty,,[f,. (M, K)].
Therefore, f,,! (M, K) = sinty,,[f,.' (M, K)]. Hence, f,,!(M, K) € ni2. This complete the proof.
Theorem 3.7. Let (X,m1,m2, E) and (Y, 01,02, K) be two soft bitopological spaces and let
fou : (Xsmime, B) — (Y, 01,02, K)
be a soft bijection mapping. Then, fp. is a p-soft continuous if and only if
sinto,, fou(G, E)C fpulsinty,, (G, E)],V (G, E) € §5(X)g.
Proof. For each (G, E) € SS(X)g, we have sinty,, fou(G, E)C fpu(G, E). Therefore,

f;;;l [Sintt‘flz fpu(Gv E)]éfp;lfpu(Gv E)

Since fpy is a soft injective, then f, ![sinto,, fpu(G, E)C(G, E). Since sinty,, fou(G, E) € 012 and f,,, is
p-soft continuous, then f, M sintq,, fou(G, E)|C
sinty,, (G, E). It follows that

sinto, fou(G, E)C fpulsint,,, (G, E)].

Conversely, let (H, K) € 012. Then f,!(H, K) € SS(X)g implies by hypothesis that

SintUlz fpu[fil(Hv K)]pru [Sintﬁlz 1;1,1 (H7 K)]

pu
But, fpu is a soft surjective and sint,,,(H, K) = (H, K), then (H, K)éfpu[sintnmf];u1 (H,K)]. Tt follows
that f.1(H, K)C [ foulsintn,, f! (H,

K)] = sinty,, fol (H,K). Hence, f,,}(H, K)Csinty,, f,,'(H, K). Thus, f,.}(H, K) € n2. Hence, f,, is a
p-soft continuous.

Theorem 3.8. Let (X,m,m2, E), (Y,01,02,K) and (Z,61,02,J) be three soft bitopological spaces.

If fou : (X,m,m2, E) — (Y,01,09, K) and gy : (Y, 01,02, K) — (Z,01,02,J) are p-soft continuous
mappings, then gy ofpu : (X, 1,12, E) — (Z,61,02, J) is also p-soft continuous mapping.

Proof. Let (D,J) € 612. Since gy : (Y,01,02,K) — (Z,01,62,J) is a p-soft continuous,

then g;}/(D,J) € o12. Also, since fp, : (X,m,m2,E) — (Y,01,02,K) is a p-soft continuous, then
Fod 90 (D D)) € ma. But, f.!g,0,(D, )] = (gpwofpu) (D, J), then (gyrwofpu) (D, J) € mo.
Hence, gpwofpu : (X,m1,m2, E) — (Z,61,02, J) is p-soft continuous.
Definition 3.9. Let (X, 11,12, FE) and (Y, 01,02, K) be two soft bitopological spaces and let (x., E) be
a soft point in (X,E). A soft mapping fpu : (X,m,m2, E) — (Y, 01,02, K) is said to be a pairwise soft
continuous at a soft point (ze, E) if for each (H,K) € o12[fpu(ze, E)] there exists (G, E) € ma[(ze, E)]
such that f,., (G, E)YC(H, K), where

a12lfpu(@e, B)) = {(H, K) € 012 fyu(e, E)C(H, K)},

ma((ze, E)] = {(G, E) € 2 : (ze, E)S(G, E)}.
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Theorem 3.10. Let (X, 11,12, E) and (Y, 01,092, K) be two soft bitopological spaces and let (x., E) be a
soft point in (X, E). Then, a soft mapping

fou t (Xom,m2, E) — (Y,01,02,K) is a p-soft continuous at (ze, E) if and only if f;}(H, K) €
ma((ze, E)] for each (H, K) € 12| fpu(ze, E)].

Proof. Immediate.

Theorem 3.11. A soft mapping fpu : (X,m1,m2, E) — (Y, 01,092, K) is a p-soft continuous if and only if
it is a p-soft continuous at each soft point in (X, E).

Proof. Let (2, F) be any soft point in (X, E) and let (H, K) € 012 fpu (e, E)]. Then (H,K) € 012
it follows by given that f,'(H,K) € ma. Now, since fyu(ze, E)C(H, K), then (z., E)C [, (H, K).
Therefore, f.'(H,K) € ma[(ze, E)]. It follows by Theorem 3.10 that fp,, is a p-soft continuous at
(e, E). Since (., E) is an arbitrary soft point in (X, E), then fp, is a p-soft continuous at each soft
point in (X, E).

Conversely, let (H,K) € o12. If f,}(H,K) = (¢, E), then f,}(H,K) € mo. If f,.}(H K) #
(¢, E), then for each (e, E)C [l (H, K) we have fpy(ze, E)C(H,K) and so (H,K) € o12[fpu(we, E)).
Consequently, by hypothesis, there exists (G, E) € 112 such that (z., E)Q(GJCS,E)QJ‘};1 (H, K) for each
(ze, B)C f. (H, K). Cleatly, U{(Ga., E) : (we, E)C [, (H, K)} = f;.}(H, K). Hence, f,,'(H,K) € m2.
This complete the proof.

Theorem 3.12. If fpu @ (X,m,1m2,E) — (Y,01,02,K) is a p-soft continuous mapping, then fp, :
(X, npr, E) — (Y, 0pa, K) is a soft continuous.

Proof. Let (H, K) be any pA-open soft set in (Y, 01, 02, K), i.e., (H, K) € opa. Then sker,,,(H,K) =
(H,K). Tt follows that (H,K) = N{(M,K) € o1 : (H,K)C(M,K)}. Since fpu is p-soft continuous,
then f, '(M,K) € ma V¥ (M, K) € 012. Therefore,

Fol(HK) = N f (M, K) € iz (M, K) € o1a, f, (H, K)C f,,}(M, K)}. On the other hand, we have
ke S (H,K) = ({(G, E) € iz = [ (H, K)E(G, )}

CN{Fl (M, K) € o = (M, K) € 012, f (H, K)C f.1 (M, K)}

= fou (H,K).

So, skery,, [t (H, K)C f, (H,K). But, f,}(H,K)Cskery,, f,.}(H,K). It follows that (H,K) €
npa. Hence,

Jpu s (X,mpa, E) — (Y, 0pa, K) is a soft continuous mapping.

Definition 3.13. Let (X,n1,12, E) and (Y, 01,02, K) be two soft bitopological spaces. A soft mapping
fpu s (X,m,m2, E) — (Y, 01,09, K) is said to be:

(1) pA-soft continuous if fp_ul(H7 K) € npa for any (H,K) € 012.
(2) pA-soft continuous if fy,!(H,K) € nSy for any (H, K) € of,.
(3) gp-soft continuous if fz;}(H, K) € G,C(X,m,n2)E for any (H,K) € o{,.

(4) pl-soft continuous if f,'(H,K) € PLCS(X,n,m2)E for any (H,K) € 0,.
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Theorem 3.14. Let (X, n1,m2, E) and (Y, 01, 02, K) be two soft bitopological spaces and let fp, = (X, m, 02,
E) — (Y,01,09,K) be a soft mapping. Let T' € {pA,pA}. Then, the following statements are equivalent:

(1) fpu is a T-soft continuous.

(2) fp(F,K) €ni for all (F,K) € of,.

(3) fpulscly (G, E)ICsclyy, [ fpu(G, E)] for any (G, E) € SS(X)p.

(4) sclye [foul (H, K)|Cft [sclo,, (H, K)] for any (H,K) € SS(Y)x.

(5) fou'lsinty,,(H, K)|Csinty.[f,.! (H, K)| for any (H,K) € SS(Y)k.
Proof. It is similar to the proof of Theorem 3.6.

Theorem 3.15. Let (X,n1,m2, E) and (Y, 01, 02, K) be two soft bitopological spaces and let fp, = (X, m, 02,
E) — (Y,01,02,K) be a soft bijection mapping. Then,

fou is a T-soft continuous iff sinty,[fou(Gy E)|C fou[sint,. (G, E)] V (G, E) € SS(X)g, where T €
{pA,pA}.

Proof. By similar to the proof of Theorem 3.7.

Theorem 3.16. If f,, : (X,m,m2, E) — (Y,01,02,K) is a gp-soft continuous and (X,m,n2, E) is a
PSTY, then fpy is a p-soft continuous.
2

Proof. Let (H,K) be a p-closed soft set in (Y,01,09, K). Then by given f,'(H,K) is a gp-
closed soft set in (X,n1,m2, F). It follows by PST5 property that fp_ul (H,K) is a p-closed soft set in
2

(X,m1,m2, E). So, by Theorem 3.6, fpu : (X, m1,m2, E) — (Y, 01,02, K) is a p-soft continuous.

Theorem 3.17. Let (X, n1,m2, E) and (Y, 01, 02, K) be two soft bitopological spaces. Let fpy, = (X, m,m2, E)
— (Y, 01,09, K) be a soft mapping. Then,

fpu 15 a p-soft continuous iff it is pA-soft continuous and gp-soft continuous.
Proof. The proof is direct by Theorem 2.30.

Lemma 3.18. Let (X, 1,12, E) and (Y, 01,02, K) be two soft bitopological spaces. Let fp, : (X, m1,12, E)
— (Y, 01,09, K) be soft injective mapping. Then,
(1) Ifal a2 € &(X)p such that (z} ,E) # (22, E), then fpu(zl ,E) # fpu(a2,,E).

e

(2) For every soft point (z., E) in (X, E) there exists a soft point (yg, K) in (Y, K) such that fp.(ze, E) =
(yr, K) and (ze, E) = fp. (yr, K).

Proof. Immediate from Definition 2.6.

Theorem 3.19. Let (X,n1,m2, E) and (Y, 01, 02, K) be two soft bitopological spaces. Let fpy, : (X, m,m2, E) —
(Y, 01,02, K) be a p-soft continuous and soft injective mapping.
If (Y,01,02,K) is a PST;, then (X,n1,m2, FE) is a PST}, i =0,1,2.
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Proof. At i = 0, let x} ,22 € £(X)p such that (z} ,E) # (22,,E). Since fp, is soft injec-

tive mapping, then by Lemma 3.18 there exist y; ,y7, € £(Y)x such that fp.(z! ,E) = (y,, K),
fpu(‘rzyE) = (ylzsz) and (y11917K) # (ylzgvK)' Then,

o If (Y,01,02,K) is a PST{, then, by Lemma 2.33, there exists (H,K) € o12|J0o§, such that

fpu (xil > E)é
(H,K), fpu(z?,, E)C(H, K)°. 1t follows that (z} , E)Cf,,'(H, K), (x2,, E)Cf,}(H,K)°

= [f,./(H,K)]°. Since f, is a p-soft continuous, then f,.'(H, K) € maJnf,. It follows by Lemma
2.33 that (X, 71,72, E) is a PSTL.

o If (Y,01,09,K) is a PSTy, then by similar way we can easily prove that (X, ny,n2, F) is a PST}.

o If (Y,01,05, K)isa PSTj, there exists (H, K), (M, K) € 15 such that (y. , K)C(H, K), (y;,, K)CS(M, K)
and (H, K)\(M, K) = (¢, K). Tt follows that (2! , E)C ;.1 (H, K), (22,, E)C ./ (M, K) and f,.}[(H, K)

A(M,K)] = f'(H,K)Of"(M,K) = (¢, E). Since f,, is a p-soft continuous, then fou (H,K), . (M,
K) € ma. Hence, (X, n1,m2, FE) is a PSTy.

Corollary 3.20. From Theorems 2.22, 2.20, 2.25 and 2.29 we can deduce the following implications:

gp-soft continuous < p-soft continuous = pA-soft continuous

¥ ¥

pl-soft continuous = pA-soft continuous

4 Pairwise soft open, soft closed and soft homeomorphism mappings

Definition 4.1. Let (X,n1,m2, E) and (Y, 01,02, K) be two soft bitopological spaces. A soft mapping
fpu s (X,m,m2, E) — (Y, 01,09, K) is said to be a pairwise soft open mapping [briefly, p-soft open] if the
image of any p-open soft set in (X, m,n2, E) is a p-open soft set in (Y, 01,092, K), i.e., fru(G,E) € 012
for any (G, E) € 2.

Example 4.2. Let X = {x,y,z,w}, Y ={a,b,c}, E = {e1,ea,e3} and K = {k1, ko, ks}. Let
m = {(%aE)v (XvE)v (Gv E)};
2 = {(¢aE)7 (XvE)v (Hv E)};
where
(Gv E) = {(617 {x})v (62, {yv Z})v (63, {Ia y})}:
(Hv E) = {(617 {xvy})a (62, {yv Z})v (63, {Ia va})}a

and let
o1 = {(%aK)a(Y/aK)a(MvK)a(NvK)};
02_{( ) a(XvK)a(FaK)})

where

(M, K) = {(k1,{a, c}), (k2,{a,b}), (ks,{c})},
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(N, K) = {(k1,{c}), (k2,{a,b}), (ks, {c})},
(Fv K) - {(kla {av C})a (k27 {CL, b})v (k37 {CL, C})}
Then (X,m,n2, E) and (Y,01,02, K) are sbts.
Moreover,
M2 = {(fb, E),(X,E), (G, E),(H,E)} and
012:{( ) ( ) (F K) (MvK)v(NvK)}'
Let fpu : (X,m,m2, E) — (Y, 01,02, K) be a soft mapping defined by
u(z) = u(w) = {c},u(y) = {a},u(z) = {b}, and
pler) = {ks}, plez) = {k2},p(e3) = {k1}.
It is easy to prove that
fpu(xeuE) = (Ckva)i fpu(‘rezv ) (Cksz)7 fpu(xest) = (Ck17K)7
fpu(yelvE) = (akva)7 fpu(yesz) (akzv )7 fpu(yest) = (akvi)a
fpu(zelvE) = (bkva)7 fpu(zezv ) (bkwK)’ fpu(zewE) = (bk15K))
fou(Wey s B) = (Chys K), fpu(Wey, E) = (chy, K), fru(Weys E) = (cky s K).
Furthermore, we can prove that
fPU(GaE) = (M, K), fpu(HaE) = (FIK), fpu(XvE) = (Y/aK)) and fpu(d;vE) = ((JB,K) Hence
fpu s a p- soft open mapping. It is clear that fp, is not p-soft continuous because (N,K) € o12 but

f;;;l(Nv K) = {(61, {CL‘, w})7 (627 {y7 Z})v (637 {I, w})} & n12.
Theorem 4.3. Let (X, 01,12, E) and (Y, 01,02, K) be two soft bitopological spaces and let fpy : (X, m1,72, E)

— (Y, 01,09, K) be a soft mapping. Then, the following statements are equivalent:
(1) fpu is a p-soft open mapping.

(2) fpulsinty,, (G, E)|Csintoy, [ fpu(G, E)] for any (G, E) € SS(X)E.

(8) sinty,, [ (H, K)|C [yl [sinto,,(H, K)] for any (H,K) € SS(Y)x

(4) V¥ (ze, E) € {(X)p, (G, E) € ma|(ze, E)] = fpu(G, E) € 012[fpu(ze, E)].

(5) foul[scloy, (H, K)Cscly,, [ fr (H, K)] for any (H,K) € SS(Y)x

Proof. (1) = (2): Let (G, E) € SS(X)g. Then, sint,,, [fpu(G, E)]C fpu(G, E). Since sint,,, (G, E) €
M2, then by (1) we deduce that fy,[sint,,,(G,E)] € o1z and fyu[sint,,, (G, E)]Cfmu(G,E). But,
$iNtey, [fpu(G, E)] is the largest p-open soft set in (Y, 01, 02, K) containing fp, (G, E), then fp,[sint,,, (G, E)]
Csinty,, [fou(G, E)]. Hence, (2) holds.

(2) = (3): Let (H,K) € SS(Y)k. Certain that f,'(H,K) € SS(X)g. It follows by (2) that
Sl ! B St U B . Bt o (KO and 50 it U (L
sintq,,(H, K). Therefore, fyu[sinty,, f,.' (H, K)|Csinty,,(H, K) which implies that Sinty,, ol (H, K)C
[sintq,,(H, K)]. Hence, (3) holds.

(3) = (4): Let (z., E) be a soft set in (X, E) and let (G, E) € mz[(ze, E)]. Then (z., F)C(G, E)
which implies that fu,(ze, E)C fpu(G, E). It remains prove that f,,(G,E) is a p-open soft set in
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(Y, 01,02, K). Since f,u(G, E) € SS(Y)k, then by (3) we have sinty,, [f fou(G, E)]C [l [sinte,, fou (G, E)].
It follows that sint,,, (G, E)C f,.![sinte,, fou(G, E)], implies fyu[sinty,, (G, E)|C foufp [sinte,, fou (G, E)].
But sint,,,(G,E) = (G, E), then fu,(G, E)Csinty,, fou(G, E). Thus, fp(G,E) € 012 and containing
fpu(ze, E). Hence, (4) holds.

(4) = (5): Let (H,K) € SS(Y )k and let (x, E)E f,![sclo,, (H, K)]. Then, fpu(te, E)Escly,,(H, K).
Now, for all (M, E) € mz[(z., E)] we have by (4) fou(M, E) € o12[fpu(xe, E)] implies fpu(xe, E)E fpu (M, E),
fou(M, E) € 019 Tt follows that fo, (M, E)N(H,K) # (¢, K). Thus there exists (ma, E)&(M, E) such
that fpu(ma, B)E(H,K). So, (ma, E)Ef,.}(H, K) which implies that (M, E)Af,.'(H,K) # (¢,E) all
(M, E) € ma|(xe, E)]. Hence, (2¢, E)Escly,,|f.) (H, K)]. Thus, (5) holds.

(5) = (2): From properties of p-soft closure and p-soft interior operators we have
sinty,, (G, E) = (X, E) \ [scly,,[(X, E) \ (G, E)]]. So,
sinty,, [fpu fpu(G, E)] = (X, E)\ [sCly,, (X, E)\ fou fpu(GLE)]]
= (X, E) \ scly, [f;}[(f/, K)\ fpu(G, E)]] [by Theorem 2.10 (1)]
E(X,B)\ fd[56lonal(V, K\ fyu(G, B)]] Dby (5)]
Hence,
sinty,, [fou fou(G, E)C(X,E)\ S [¢loy, (Y, K)\ fpu(G, B (%).
Now, since (G,E)éf;}fpu(G,E), then sint,,, (G, E)Csint,,, [fou fou(G, E)]. Thus, by (*) we de-
duce that
Sintnm (Gv E)Q(Xv E) \ f;;;l [SCZUI2 [(Yv K) \ fpu(Gv E)]] which implies that
fpulsintn,, (G, E)C fpul(X, E) \ foid [s¢loy, (Y, )\ fpu(G, E)]]
= fpulFou (Y, K)\ [s¢lo, (Y, K) \ fpu(G, E)]] [by Theorem 2.10 (1)]
= fpu [f;;;l [Sintt‘flz fpu(Gv E)]
Csinty,, fru(G, E). Hence, (2) holds.

(2) = (1): It is obvious.

Definition 4.4. Let (X,n1,m2, E) and (Y, 01,02, K) be two soft bitopological spaces. A soft mapping
fou + (X,m,me, E) — (Y,01,092,K) is said to be a pairwise soft closed mapping [briefly, p-soft closed
mapping] if the image of any p-closed soft set in (X,n1,m2, E) is a p-closed soft set in (Y, 01,09, K), i.e.,
fulF, E) € o5y for any (F, E) € .

Theorem 4.5. Let (X, n1,12, E) and (Y, 01,02, K) be two soft bitopological spaces and let fpy : (X, m1,72, E)
— (Y, 01,02, K) be a soft mapping. Then, fy, is a p-soft closed mapping iff sclyy, [fou(Gy E)C foulscly,, (G, E)]
for any (G,E) € SS(X)g.

Proof. Necessity: For any soft set (G, E) over X we have scly, [fpu(Gy E)]Cscloy, [ foulscly,, (G, E)]].
Since fpy is a p-soft closed mapping and scly,, (G, E) € n$y, then fp,[scly,, (G, E)] € 0§y, 1.€., scloy, [ fpulscln,,
(G, E)]] = fpulscln, (G, E)]. Therefore, scloy, [fpu(G, E)IC fpulscln, (G, E)]].
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Sufficiency: Let (G, E) € n{,. Then scl,,,(G,E) = (G, E). It follows by given that scls,,[fpu(G, E)]
Cfou(G, E). Hence, fou(G,E) = sclo,[fpu(G, E)]. Thus, fou(G,E) € 0§,. Hence, f,, is p-soft closed
mapping.

Lemma 4.6. Let (X, n1,n2, E) and (Y, 01,02, K) be two soft bitopological spaces and let fp,, : (X, m1,12,E)
— (Y, 01,09, K) be a soft mapping. Then f, }(H, K)C(M,E) iff (H, K)C(Y, K)\ fu[(X, E)\ (M, E)].

Proof. Straightforward.

Theorem 4.7. Let (X, n1,12, E) and (Y, 01,02, K) be two soft bitopological spaces and let fpy : (X, 11,12, F)
— (Y,01,09,K) be a soft mapping. Then f, is a p-soft closed mapping iff ¥V (yr,K) € &(Y)k,
V (G, E) € nmiz with fp_ul(yk,K)Q(G,E), there exists (H, K) € o12((yx, K)] such that f;,!'(H, K)C(G,E).

Proof. Let f,, be a p-soft closed mapping. Let (yx, K) € £(Y)x and (G,E) € m2 such that
Foi-lyr, K)E(G, E). Then by Lemma 4.6 we have (yp, K)C(Y, K) \ fpu[(X, E) \ (G, E)]. Since (X,E)\
(G, B) € 1y, then by given fyu[(X, E)\ (G, E)] € of,. So, (Y, K)\ fpul(X, E) \ (G, E)] € o1z((yx, K)].
Take (Y, K)\ fpul(X, E) \ (G, E)] = (H, K). Tt is easy to verify that f,.'(H,K)C(G, E).

Conversely, let (F, E) € 1§,. We shall prove that f,,(F, E) € 0§, or equivalently, (Y, K)\ fpu(F, E) €
o12. Let (yr, K)C(Y, K) \ fou(F, E). Then

Foud (s KNS f (Y K\ fypu(FL E))]

= (X, B)\ [ fyu(F, B)
C(X, E)\ (F, E).

Hence, f;.!(ye, K)C(X, E) \ (F, E). Therefore, by given there exists (Hy, ,K) € o12[(yx, K)] such
that f.}(H,,, K)C(X, E)\ (F, E). Hence, (Hy,, K)C(Y,K)\ fpu(F, E) [by Lemma 4.6]. Consequently,
for every (yr, K)C(Y, K) \ fpu(F, E) there exists (Hy,,K) € 012 such that (yx, K)C(H,,, K)C(Y,K)\
fou(F,E). Tt is clear that (J(H,,,K) = (Y, K)\ fou(F, E). It follows that (Y, K)\ fpu(F,E) € o12.
Hence, fpu(F, E) € 0%,. This complete the proof.

Definition 4.8. Let (X,n1,m2, E) and (Y, 01,02, K) be two soft bitopological spaces. A soft mapping
fpu s (X,m,n2, E) — (Y, 01,02, K) is said to be a pairwise soft homeomorphism mapping [briefly, p-soft

hom] if fpu is a soft bijection, p-soft continuous and p-soft open mapping.

Theorem 4.9. Let (X, n1,12, E) and (Y, 01,02, K) be two soft bitopological spaces and let fpy : (X, 11,12, F)

— (Y, 01,02, K) be a soft mapping. Then, the following statements are equivalent:
(1) fpu is @ p-soft homeomorphism mapping.

(2) foulsinty,, (G, E)| = sinto,,[fou(G, E)] for any (G, E) € SS(X)p.

(3) sinty,[f5l (H, K)| = frt[sinty,, (H,K)] for any (H,K) € SS(Y)x.

(4) [yl scloy, (H, K)] = scly, [f5:(H, K)] for any (H,K) € SS(Y) .

(5) fpulscly, (G, E)] = scloy, [fpu(G, E)] for any (G, E) € SS(X)E.

Proof. Immediate.
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Definition 4.10. Let (X,m,m2, E) and (Y, 01,092, K) be two soft bitopological spaces. A soft mapping
fpu: (X,m,m2, E) — (Y, 01,02, K) is said to be:

(1) pA-soft open(closed) mapping if fpu(F, E) € opa(ayy) for any (F, E) € m2(nfz), respectively.
(2) pA-soft open(closed) mapping if fou(F, E) € opa(0yy) for any (F, E) € ma(nf,), respectively.

(3) gp-soft open (closed) mapping if fpu(F,E) € G,O(Y,01,02)5(GpC(Y,01,02)E) for any (F,E) €
ma2(ngy), respectively.

(4) pl-soft open(closed) mapping if fpu(F,E) € PLOS(Y,01,02)g(PLCS(Y,01,02)E) for any (F,E) €
ma2(ngy), respectively.

Theorem 4.11. Let (X,n1,m2, E) and (Y, 01, 02, K) be two soft bitopological spaces and let fp, : (X, m,m2, E)
— (Y,01,09, K) be a soft mapping. Let T € {pA,p\}. Then, the following statements are equivalent:

(1) fpu is a T-soft open mapping.

(2) fpulsinty, (G, E)|Csintor [ fpu(G, E)] for any (G, E) € SS(X)E.

(3) sinty,[f,. (H, K)]prj} [sint,.(H, K)] for any (H,K) € SS(Y)k

(4) follsclop (H, K)|Cscly,, [fp, (H, K)] for any (H,K) € SS(Y)k.
Proof. It is similar to the proof of Theorem 4.3.

Theorem 4.12. Let (X, n1,n2, E) and (Y, 01, 02, K) be two soft bitopological spaces and let fp, = (X, m,m2, E)
— (Y, 01,09, K) be a soft mapping. Then,

fou s a pA-soft closed mapping iff sclop[fou(G, E)|C fpulscly, (G, E)] for any (G,E) € SS(X)g,
where ' € {pA, pA}.

Proof. Straightforward.

Corollary 4.13. The following implications are holds:

gp-soft open mapping < p-soft open mapping = pA-soft open mapping
I I
pl-soft open mapping = pA-soft open mapping

Corollary 4.14. The following implications are holds:

gp-soft closed mapping < p-soft closed mapping = pA-soft closed mapping
4 4
pl-soft closed mapping = pA-soft closed mapping

Theorem 4.15. Let (X, n1,m2, E) and (Y, 01, 02, K) be two soft bitopological spaces. Let fpy, : (X, m,12, E)
— (Y, 01,09, K) be a p-soft continuous, p-soft open and soft injective mapping.
If (Y,01,02,K) is a PSR}, then (X,m1,m2, E) is a PSR{.
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Proof. Let (z} ,E) and (22,, E) be two soft point in X such that z! (€scly,,(x2,,E). Then, by
Theorem 3.6 (3), fpu(zl,, E)C fpulscly, (22, E)Csclo, [fpu(22,, E)]. Since z! 22 € &(X)g, then by

e1?r ez
Lemma 3.18 (2) there exist y}h, y,%z € {(Y)k such that fp,(z 61,E) = (y}Cl K), fou(z? z; E) = (y,%z,K).

ey

Therefore, (y; K)Cscly,, (yi,» K). It follows by given that

Wiy» K) Csclows (i, K) = foi (Wi, K) S fp [s€lons (4, K]
= f_l(y,%2 K)Cscln12 [f;ul(y,il,K)] [by Theorem 4.3 (5)]
= (22,, E)Cscly,,(zl,, E) [by Lemma 3.18 (2))].
Consequently, (X,n1,m2, E) is a PSR{.

e1?

Lemma 4.16. Let (X, 1,12, E) and (Y, 01,02, K) be two soft bitopological spaces. Let fpy = (X, 1,12, E) —
(Y,01,02,K) be a soft surjective mapping. Then,
if y,il,y,i € ¢(Y)k such that (y,il,K) + (y,%2,K), then there ewist xl 22 € &(X)g such that

€kq ? €ko

("Eé)q’E) # (fl;gk ’ ) a’nd fpu( Gk 7E) = (ylil ) fpu( Bk ? ) (yk27K)'
Proof. Let y,ﬁl,y,%z € &(Y) i such that (y,ﬁl,K) # (y,%Q,K). Then either y' # 32 or ki # k.

e Case (1): Let y* # y?. Since u is a soft surjective mapping, then there exist ', 22 € X such
that u(z!) = y', u(2?) = y? and 2! # 2? . Since p is a surjective mapping, then there exist
€k,, ek, € E such that p(ey,) = ki, p(er,) = ko. Therefore, 21 # 22 ., implies that (x! Tey, VE) #
@Wm.mWna%,anuﬁw%mlwm:uww:%na%ﬂwn:
Uarep-1(ks) UlZe, ! (o)) = ¢,V ki € K ki # k1. Hence, Fpu(zl e, B) = (y},,K). By similar
way we can deduce that fp, (22 Tey E) = (y,, K).

e Case (2): Let ky # ko. Since p is a soft surjective mapping, then there exist eg,,ex, € E such
that p(ex,) = k1, p(ex,) = ko and ey, # ey, . Since y*,y? € Y and u is a surjective mapping, then
there exist 2!, 22 € X such that u(z!) = y! and u(2?) = y2. Now, since ekl # ey, then (wékl ,E) #
(‘Tgksz)' Now, fpu( ek 7E)(k1) = Ue*epfl(kl)u[x}ikl (6*)] = u( ) = y and fpu( ek 7E)(kl) =
Ue*Ep (k)u[ ik ( )] d)a v k S K k 7£ kl [because €Ly ¢ p 1( z)] Hence fpu( €kq 7E) =

(yj,, K). By similar way we can deduce that fy, (22, ,E) = (y;,, K). This complete the proof.

ek’

Theorem 4.17. Let (X,n1,m2, E) and (Y, 01, 02, K) be two soft bitopological spaces. Let fp,, : (X, m,m2, E)
— (Y, 01,09, K) be a p-soft open and soft surjective mapping.
If (X, m,n2, E) is a PST}, then (Y,01,09,K) is a PST},i=0,1,2.

Proof. At i=0. Let y, ,yp, € {(Y)k such that (y, ,K) # (y,i,K). Then, by Lemma 4.16, there
exist xek ,xﬁk € &(X) g such that fp, (v Tey, ,E) = (y},, K) and fpu(2? Te,, ,E) = (y3,, K). Tt follows by given
that there exists (G, E) € ni2Jn{, such that (x! Tey, s E)E(G,E) and (22, E)E(G, E)° or equivalently,
(s}, L E)E(G, E) and (22, , E)E(G, B)° implies fyu(al, . E)Efyu(G. E) and fpu(a?, , E)E (G, B
So, (yh,, K)C fou(G, E) and (y7,, K)C fpu(G, E)°. Now, if (G,E) € i, then f,u(G,E) € 012 and if
(G,E) € 1§y, then fp,(G,E) = fpu(G, E) € 0fy. Therefore, there exists (H,K) = fou(G, E) € o12|J 0§,
such that (y} , K)Cfou(G, E) and (y; . K)C|fpu(G, E)]°. Consequently, (Y, 01,09, K) is a PSTj.

The proof at + = 1,2 by similar way.

€k5
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5

Conclusion

After 1999, many researchers worked on the findings of entities of soft sets theory introduced by

Molodtsov and applied to many problems having uncertainties. In present paper, we introduced some

new forms of soft continuity namely, pairwise soft continuous, pairwise A soft continuous, pairwise A soft

continuous, pairwise locally soft continuous and generalized pairwise soft continuous mappings in soft

bitopological spaces. Furthermore, we also offered the notions of pairwise soft open mapping, pairwise soft

open mapping and pairwise soft homeomorphism mapping and discussed many of their characterizations,

properties and some relationships between them . It is necessary to continue more research to upgrade

the general framework and to apply for the practical life applications.

References

1

S U W

10

11

12

13

14

15

16

17

18

19

20

21
22

106

A. Aygunoglu and H. Aygun, Some notes on soft topological spaces, Neural Comput. Applic. 21 (Suppl 1) (2012)
S113—S119.

S. A. El-Sheikh and A. M. Abd El-latif, Decompositions of some types of supra soft sets and soft continuity, Interna-
tional Journal of Mathematics Trends and Technology 9 (1) (2014) 37—56.

D. N. Georgiou a and A. C. Megaritis, Soft set theory and topology, Appl. Gen. Topol. 15 (1) (2014) 93—1009.

H. Hazra, P. Majumdar and S. K.Samanta, Soft topology, Fuzzy Inform. Eng. 4 (1) (2012) 105—115.

S. Hussain and B. Ahmad, Some properties of soft topological spaces, Comput. Math. Appl. 62 (2011) 4058—4067.
M. Irfan Ali, M. Shabir and M. Naz, Algebraic structures of soft sets associated with new operations, Comput. Math.
Appl. 61 (2011) 2647—2654.

B. M. Ittanagi, Soft bitopological spaces, International journal of Computer Applications 107 (7) (2011) 1—4.

A. Kandil, O. A. E. Tantawy, S. A. El-Sheikh and Shawqi A. Hazza, Generalized pairwise closed soft sets and the
associate pairwise soft separation axioms, South Asian J. Math. 6 (2) (2016) 43—57.

A. Kandil, O. A. E. Tantawy, S. A. El-Sheikh and Shawqi A. Hazza, On pairwise A-open soft sets and pairwise locally
closed soft sets, American Scientific Research Journal for Engineering, Technology, and Sciences 28 (1) (2017) 225—247.
A. Kandil, O. A. E. Tantawy, S. A. El-Sheikh and Shawqi A. Hazza, Pairwise open (closed) soft sets in a soft
bitopological spaces, Ann. Fuzzy Math. Inform. 11 (4) (2016) 571—588.

A. Kandil, O. A. E. Tantawy, S. A. El-Sheikh and Shawqi A. Hazza, Pairwise soft separation axioms in soft bitopological
spaces, Ann. Fuzzy Math. Inform. 13 (5) (2017) 563—577.

A. Kandil, O. A. E. Tantawy, S. A. El-Sheikh and Shawqi A. Hazza, Some types of pairwise soft sets and the associated
soft topologies, Journal of Intelligent and Fuzzy Syst 32 (1) (2017) 1007—1018.

A. Kharal and B. Ahmad, Mappings on soft classes, New Math. Nat. Comput. 7 (3) (2011) 471—481.

P. Majumdar and S. K. Samanta, On soft mappings, Comput. Math. Appl. 60 (2010) 2666—2672.

D. Molodtsov, Soft set theory-First results, Comput. Math. Appl. 37 (1999) 19—31.

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

Sk. Nazmul and S. K. Samanta, Some properties of soft topologies and group soft topologies, Ann. Fuzzy Math.
Inform. 8 (4) (2014) 645—661.

Ningxin Xie, Soft points and the structure of soft topological spaces, Ann. Fuzzy. Math. inform. 10 (2) (2015)
309—322.

E. Peyghan, B. Samadi and A. Tayebi, About soft topological spaces, Journal of New Results in Science 2 (2013)
60—75.

D. Pie and D. Miao, From soft sets to information systems, Granular computing, IEEE Inter. Conf. 2 (2005) 617—621.
M. Shabir and M. Naz, On soft toplogical spaces, Comput. Math. Appl. 61 (7) (2011) 1786—1799.

Sujoy Das and S. K. Samanta, Soft metric, Ann. Fuzzy Math. Inform. 6 (2013) 77—94.



South Asian J. Math. Vol. 7 No. 2

23 1. Zorlutuna, M. Akdag, W. K. Min and S. Atmaca, Remarks on soft topological spaces, Ann. Fuzzy Math. Inform.
3 (2) (2012) 171-185.
24 1. Zorlutuna and H. Cakir, On continuity of soft mapping, Appl. Math. Inf. Sci. 1 (9) (2015) 403—4009.

107



