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ABSTRACT. This paper extends soft bitopological spaces to soft bitopo-
logical ordered spaces by introducing and analyzing properties of increasing
(decreasing, balancing) soft pairwise continuous (open, closed, homeomor-
phism) maps, denoted as xS P-continuous (open, closed, homeomorphism)
maps, where x can take values I, D, or B. The investigation explores
the interrelationships among these concepts, establishing equivalent con-
ditions for each. Additionally, the study offers a comparative analysis of
these notions. This research aims to contribute to the advancement of soft
bitopological ordered spaces by providing a comprehensive understanding
of their fundamental properties and relationships, paving the way for fur-
ther exploration and applications in the field.
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1. INTRODUCTION

In 1965, Nachbin [1] introduced the concept of a topological ordered space as a
triple (X, 7, <), where 7 is a topological structure and < is a partial order relation
on a non-empty set X. He established several topological ordered notions based on
this structure. In 1999, Molotdsov [2] proposed the idea of soft sets as a means of
dealing with uncertainties and vagueness in real-world situations and phenomena.
He highlighted the advantages of soft set theory over fuzzy theory and probability
theory and explored its applications in various fields. The use of soft sets in overcom-
ing incomplete data has motivated researchers to introduce soft operations between
soft sets and apply them in decision-making, information science, mathematics, and
related disciplines. To incorporate soft sets into topology studies, Shabir and Naz
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[3] formulated the notion of soft topological spaces in 2011 by drawing an analogy
with the definition of topology. El-Shafei et al. [4] introduced the concept of soft
topological ordered spaces as a generalization of topological ordered spaces, along
with the notions of increasing and decreasing soft sets and maps. They further ex-
tended this concept by introducing the notions of soft za-continuous, soft xa-open,
soft xa-closed, and soft xa-homeomorphism maps for z = I, D, and B via soft topo-
logical ordered spaces. El-Sheikh et al. [5] generalized the notion of soft topological
spaces by introducing the concept of supra soft topological spaces, while Ittanagi [0]
introduced the notion of soft bitopological space defined over an initial universal set
with a fixed set of parameters. Senel [7] presented the soft topology generated by
L-soft sets. Additionally, in a 2016, Senel [3] proposed a new approach to hausdorff
space theory via the soft sets. Senel et al. [9] introduced soft topological subspaces
in 2015. Furthermore, Senel et al. [10] explored soft closed sets on soft bitopological
space in 2014. In 2020, Senel et al. [11] investigated distance and similarity mea-
sures for octahedron sets proposed by Lee et al. [12]. Kandil et al. [13] provided
some structures on soft bitopological spaces and defined some basic notions such as
pairwise open and closed soft sets, pairwise soft closure, interior, kernel operators,
and related topics. They also studied pairwise soft continuous mappings and open
and closed soft mappings between two soft bitopological spaces. El-Sheikh et al.
[14] established the concept of a soft bitopological ordered space, which comprises a
soft bitopological space with a partial order relation. They introduced and studied
various concepts related to increasing and decreasing pairwise open and closed soft
sets, increasing and decreasing total and partial pairwise soft neighborhoods, and
increasing, decreasing, and balancing pairwise open soft neighborhoods. They also
defined the concept of increasing and decreasing pairwise soft closure and interior.
The main objective of this research is to introduce and examine the notions of
xS P-continuous, xSP-open, z.5P-closed mappings and xS P-homeomorphism for
x = I; D; B in soft bitopological ordered spaces. The study aims to provide a com-
prehensive understanding of these concepts by exploring their equivalent conditions
and establishing their relationships. Several examples are presented to demonstrate
the connections between these maps and to show that they are more powerful than
their P-soft counterparts. Moreover, the research characterizes each of these maps
and emphasizes the crucial role of extended soft topologies in studying the links be-
tween these maps and their corresponding maps in soft bitopological ordered spaces.

2. PRELIMINARIES

In the remaining part of this section, we will introduce some important definitions
and results that will be necessary in the following sections.

Definition 2.1 ([2]). Let X be a universe set and let F be a fixed set of parameters.
If Gg : E — 2% is a function, then an ordered pair (G, E) is is called a soft set,
where 2% is the power set of X. The set of all soft sets over X is denoted by P(X)¥.

Definition 2.2 ([17]). Let Fg, Gg € P(X)¥. Then:
(i) Fg is called a null soft set, denoted by @, if F(e) = @ Ve € E,
(ii) Fg is called an absolute soft set, denoted by X, if F(e) = X Ve € E,
(iii) F'g is called a soft subset of Gg, denoted by Fr C G, if F(e) C G(e) Ve € E,
206
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(iv) Fg and Gg are said to be equal, denoted by Fr = Gg, if Fg C Gg and
GE' C FE7

(v) The union of Fg and Gg, denoted by FglUGg, is a soft set Hg over X defined
as: H(e) = F(e)UG(e) Ve € E,

(vi) The intersection of Fg and Gg, denoted by Fg M Gg, is a soft set Hg over
X defined as: H(e) = F(e) NG(e) Ve € E,

(vii) The difference of Fg and Gg, denoted by Fr — Gg, is a soft set Hg over X
defined as: H(e) = F(e) — G(e) Ve € E,

(viii) The complement of Fg, denoted by Fj, is a soft set over X defined as:
Fe(e) = (F(e))* Ve € E.

Definition 2.3 ([16]). Let ¢ : X - Y and ¢ : E — K be two mappings. Then the
mapping ¢y, is called a soft mapping from X toY, denoted by ¢, : P(X)¥ — P(Y)¥.
The mapping ¢, itself is defined as follows: for any soft set Gg € P(X)E, ¢, maps
it to a soft set Fx € P(Y)¥ such that:

Frk)={yeY :y=9¢(z), € X, and k =(e) e € E}.

Let Gg € P(X)F and let Fx € P(Y)X. Then
(1) the image of Gg under ¢y, denoted by ¢, (GEg), is the soft set over ¥ defined
as follows: for each k € K,

T
bu(G) (k) = { et GEle) T

(ii) the inverse image of a soft set Fx under ¢, denoted by ¢;1(FK), is the soft
set over X defined as follows: for each e € F,

¢y (Fi)(e) = ¢~ (Fi (¥(e)))-

From Definition 2.4, we can easily see that Fi (k) = ¢y (Gg)(k) for each k € K
if and only if for each y € Y, the following conditions hold:

(1) there exist « € X, e € F such that y = ¢(x) and k = ¢(e), x € Gg(e),

(2) there exist e € E, x € Gg(e) such that k =1 (e) and y = ¢(x).

Definition 2.4 ([17]). Let P(X)® and P(Y)¥ be two families of soft sets over X
and Y, respectively. A soft mapping ¢, : P(X)¥ — P(Y)X is called soft surjective
(injective) mapping, if ¢, are surjective (injective) mappings, respectively. A soft
mapping which is a soft surjective and soft injective mapping is called a soft bijection
mapping.

Proposition 2.5 ([16]). Consider ¢y : P(X)F — P(Y)X is a soft map and let G
and Hy be two soft subsets of P(X)¥ and P(Y)X, respectively. Then we have the
following results:

(1) Gg C ¢;1(¢¢(GE)) and the equality relation holds if ¢y is injective,
(2) gbw(d);l(HK)) C Hk and the equality relation holds if ¢y is surjective.

Definition 2.6 ([3]). A soft topology on a set X is a collection 7 of soft sets over X
that satisfies the following conditions:
(i) both the universal set Xz and the empty set ® belong to 7,
(ii) the union of any collection of soft sets in 7 belongs to 7,
207
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(iii) the intersection of any two soft sets in 7 belongs to 7.
The elements of 7 are called open soft sets in X and the complement of an open soft
set is called a closed soft set in X.

Definition 2.7 ([18]). A partial order relation < on a set X satisfies three properties:
reflexivity, antisymmetry, and transitivity. The equality relation on X is a special
case of a partial order relation, denoted by A, where A = {(a,a) : a € X} and it
satisfies all three properties of a partial order relation.

Definition 2.8 ([1]). A triple (X, 7, <) is said to be a topological ordered space, if
(X, 7) is a topological space and (X, <) is a partially ordered set.

Definition 2.9 ([1]). A triple (X, E, <) is said to be a partially ordered soft space,
where < is a partial order relation on X.

Definition 2.10 ([4]). An increasing soft operator i and a decreasing soft operator
d can be defined on a partially ordered soft space (X, FE,<) as follows: for each
Fp € P(X)®,

(i) i(Fg) = (iF) g, where iF is a mapping of F into X given by

iF(a) =i(F(a)) ={a € X :b<a for some b e F(a)}.
(ii) d(Fg) = (dF)g, where dF' is a mapping of F into X given by
dF (a) =d(F(a)) ={a€ X :a < b for some b € F(a)}.

Definition 2.11 ([4]). Let (X, F, <) be a partially ordered soft space and let Fg
be a soft set over X. Then Fg is said to be:

(i) increasing, if Fg is equal to its own image under i,

(ii) decreasing, if Fg is equal to its own image under d,

(iii) balancing, if it is both increasing and decreasing.

Proposition 2.12 ([1]). Let (X, E,<) be a partially ordered soft space, and let
{Fg : B € Q} be a collection of increasing (resp. decreasing) soft sets in (X, E, <).
Then

(1) UﬂeQFg is increasing (resp. decreasing),

(2) HgGQFg is increasing (resp. decreasing).

Definition 2.13 ([4]). A quadrable system (X, 7, F, <) is said to be a soft topological
ordered space, if (X, 7, F) is a soft topological space and (X, <) is a partially ordered
set.

Definition 2.14 ([4]). Let (X, 7, E, <) be a soft topological ordered space. A soft
set Gg over X is called:

(i) an increasing open soft (briefly, IO-soft), if Gg is open and increasing,

(ii) a decreasing open soft set (briefly, DO-soft set), if G is open and decreasing,

(iii) a balancing open soft set (briefly, BO-soft set), if Gg is an IO-soft and DO-
soft set.

Definition 2.15 ([19]). A soft map ¢y : (X, 7, E, <1) = (Y, n, K, <5) is said to be
1S (resp. DS, BS)-continuous, if f the inverse image of each open soft subset of YV’
is a soft IO (resp. DO, BO)-soft subset of X.
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Definition 2.16 ([6]). A quadruple (X, 71,72, E) is said to be a soft bitopological
space, where 11, To are arbitrary soft topologies on X with a fixed set of parameter
E.

Definition 2.17 ([13]). A soft set F in a soft bitopological space (X, 11,72, E) is
said to be a pairwise open soft (briefly, PO-soft) set, if it can be expressed as the
union of a 71-open soft set Fi and a m-open soft set Fz, i.e., Fg = Fi U Fz. On
the other hand, Fg is said to be a pairwise closed soft (briefly, PC-soft) set, if its
complement in X, denoted by X — Fg, is a PO—soft set.

Definition 2.18 ([13]). The following concepts are defined for a subset Gg of
(X, Tl,TQ,E).

(i) The pairwise soft closure of Gg, denoted by cl5,(G ), is the intersection of all
PC-soft sets containing Gg.

(ii) The pairwise soft interior of Gg, denoted by ints,(Gg), is the union of all
PO-soft sets which are contained in Gg.

Definition 2.19 ([20]). A soft mapping ¢y : (X, 71,72, E) — (Y, n1,12, K) is said
to be:

(i) pairwise soft continuous (briefly, P-soft continuous), if the inverse image of
any PO—soft set in (Y, 11,12, K) is a PO-soft set in (X, 71,72, E),

(ii) pairwise soft open (briefly, P-soft open), if the image of any PO—soft set in
(X, 71,72, E) is a PO-soft set in (Y, 11,12, K),

(iii) pairwise soft closed (briefly, P-soft closed), if the image of any PC—soft set
in (X, 71,72, E) is a PC-soft set in (Y, 11,2, K),

(iv) pairwise soft homeomorphism (briefly, P-soft homeomorphism), if it is bijec-
tive, P-soft continuous and P-soft open.

Definition 2.20 ([14]). A system (X, 71,72, F, <) is said to be a soft bitopological
ordered space, if (X, 71,72, E) is a soft bitopological space and (X, <) is a partially
ordered set.

Definition 2.21 ([14]). Let (X, 71,72, E, <) be a soft bitopological ordered space
and let Gg be a soft set over X. Then Gg is said to be:

(i) an increasing (resp. a decreasing) pairwise open (briefly, IPO) (resp. briefly,
DPO)-soft set, if it can be expressed as Gg = G}, LI G%, where G% € 73 and is
increasing ( decreasing ) for 8 =1, 2.

(ii) an increasing (resp. decreasing) pairwise closed (briefly, IPC') (resp. briefly,
DPC)-soft set, if it can be expressed as G = G M G%, where G% € 75 and is
increasing ( decreasing ) for 5 =1, 2.

(iii) a balancing pairwise open (resp. closed) (briefly, BPO) (resp. briefly, BPC)-
soft set, if it is both increasing pairwise open (resp. closed) and decreasing pairwise
open (resp. closed).

Definition 2.22 ([14]). Let (X, 71,72, F, <) be a soft bitopological ordered space
and let Gg be a soft set over X.

(i) The increasing (resp. decreasing, balancing) pairwise soft closure of Gg, de-
noted by Icl§,(GEg) (resp. Dcliy(GE), Bclis(Gg)), is the intersection of all TPO
(resp. DPO, BPO)-soft sets containing G .
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(ii) The increasing (resp. decreasing, balancing) pairwise soft interior of Gg,
denoted by Iint;,(Gg) (resp. Dinti,(Gg), Binti,(Gg)), is the union of all TPO
(DPO, BPO)-soft sets contained in Gg.

3. ISP (DSP, BSP)- CONTINUOUS MAPPINGS

In this section, we introduce a different kind of a definition of soft continuity in
a soft bitopological ordered space.

Definition 3.1. A soft mapping ¢y : (X, 71,72, E, <1) = (Y, 1,72, K, <2) is said
to be ISP (resp. DSP, BSP)-continuous, if gb;l(GE) is an IPO (resp. DPO,
BPO)-soft set in X, whenever G is a PO-soft set in Y.

Example 3.2. Let E = {a1, a2} and <= aU{(a,b), (b,¢), (a,c)} be a partial order
relation on X = {a,b,c} and let 7 = {Xpg, ®,Gg} and 75 = {Xp, P, Fr},

where G = { (s, {8}), (az, {a})}, Fr = {(a1, {a.c}), (a2, 2)}.

Then clearly, (X, 11, 72, E, <) is a soft bitopological ordered space. Consider ¢ and 1
are identity mappings. Since G g is a PO-soft set and qS;l(G)(al) = ¢ Y G(¢(ar)))
¢~ H(G(aq)) = ¢~ 1({b}) = {b}, qﬁ;l(GE) is not an element in xPOS(X, 11, 72)g,x =
I; D; B. Then ¢, is P-soft continuous but it is not xS P-continuous for x = I; D; B.
Example 3.3. Let F = {a1,a0} = K and X = {a,b,c} =Y, <1= AU{(a,0)}, <o=
AU{(a,b),(b,c),(a,0)} and let 1 = {Xp, ®,Gp} =m and 70 = {Xg, @, Fp} = 2,
where Gy = {(a1, {c}), (az, {a, D)}, Fp = {(a1, {e}); (az, {b, c})}.

Then clearly, (X, 71,72, E,<1) and (Y, 11,72, K, <2) are soft bitopological ordered
spaces and 115 = m2 = {Xg,®,GE, Fg,Hg}, where Hg = {(a1,{c}), (a2, X)}.
Consider ¢ and 1 are identity mappings. Then we have

¢y (G)(a1) = o7 HG(W(n))) = ¢~ H(G(n)) = ¢~ ({e}) = {¢},
¢y (G)az) = ¢ (G(P())) = ¢~ (Glaz)) = ¢~ ({a,c}) = {a, ¢},
¢y (F)(a1) = ¢~ (F(¢p(an))) = ¢~ (F(en)) = ¢~ ({e}) = {¢},
by (F)(az) = ¢ (F((a2) = ¢~ (Flaz)) = ¢~ ({b,c}) = {b, ¢},
¢y (H) (1) = ¢~ (H(ih(an))) = ¢~ (H(em)) = ¢~ ({e}) = {¢},
¢y (H)(az) = ¢~ (H(¢(a2))) = ¢~ (H(aw)) = ¢~ 1(X) = X.
Thus (/)JI(GE) = Gpg, é;l(FE) = Fg and ¢1;1(HE) = Hp are IPO-soft sets in
X. So ¢y is ISP-continuous but it is not DSP-continuous. However ¢, is not
BS P-continuous.
Example 3.4. Let E = {aj,a2} = K and X = {a,b,c} =Y, <;=<o= AU
{(a,b), (b,c), (a,c)} and let 7y = {Xp, ®,GL}, 72 = {Xg, ®,G%}, and n; = {Yk, ®,
F11<}’772 = {YKv P, Flz(}v where GlE = {(al’ {a})v (a27 @)}7 szE = {(alv @)7 (an {av b
})}7 Fll( = {<a1a {a’b})v (a27 {b})}7 FI2( = {(0417 ®)> (O‘Q’ {b})}
Then clearly, (X, 71,72, E,<;1) and (Y,n1,n2, K, <2) are soft bitopological ordered
spaces and T3 = {Xpg,®,GL, G%,G%} and m2 = {Yi, D, F), F&}, where G3, =
{(011, {a})a (0523 {av b})}
Define: ¢(a) = b, d(b) = a, ¢(c) = ¢ and P(a1) = ao,¥(az) = a;. Then we have

¢y (F1) (1) = o7 H(FH (P(an)) = 671 (FH(a2)) = ¢~ ({b}) = {a},
210



Shalil et al./Ann. Fuzzy Math. Inform. 27 (2024), No. 3, 205-221
oy (Fh)(a2) = 671 (F' ((a2))) = ¢~ (F'(an)) = ¢~ ' ({a,0}) = {a, b},
Then, qS;l(F}() = (%, is a DPO—soft set in X.
oy (F2)(on) = ¢~ (F2(1(n)) = 671 (F2 () = ¢~ ({b}) = {a},
0y (F?)(a2) = o7 (F2(¢(a2))) = 67 (F* (1)) = ¢~ (@) = @.

Thus qu;l(F}() = G%, and qi);l(Ff{) = G, are DPO-soft sets in X. So ¢y, is DSP-
continuous, but it is not .S P-continuous map. However ¢, is not BSP-continuous.

Remark 3.5. The following diagram shows the relation between .S P-continuous,
DS P-continuous and BSP-continuous mappings. For a soft mapping ¢y, : (X, 71,
7o, B, <1) = (Y, 1,12, K, <9) where ¢ : X —» Y ¢ : E — K, we have the diagram:

¢y is IS P-continuous «» ¢y, is D.SP-continuous

N Ve

¢y is P-soft continuous

Nt a
¢y is BSP-continuous

Theorem 3.6. Let ¢y : (X, 71,72, E,<1) = (Y,m1,1m2, K, <2) be a soft mapping.

The following statements are equivalent:

1) ¢y is ISP-continuous,

2) ¢y (Icliy(Gp)) E cliy(¢y(GE)) for any G € P(X)”,

3) Icliy(dy ' (Fi)) C dy ' (cliz(Fi)) for any Fi € P(Y)X,

4) for any PC-soft subset My of (Y,m1,1m2, K, <2), qS;l(MK) is DPC-soft sub-
set of (X, 71,72, B, <1).

Proof. (1)= (2): Suppose (1) holds and let Gg € P(X)¥. Since Y — clj5(¢y(GE))
is PO-soft set in Y and ¢y, is 1.5 P-continuous, qﬁ;l(Y — cl§y (04 (GE))) is IPO-soft
set in X. Then clearly, X — qS;l(Y — cliy(dy(GE))) is DPC-soft set in X. Since
X =6, (Y = clia(04(Gr))) = 6, (clia(¢0(Gr))), 6" (clis(¢y(Gr))) is DPC-soft
set in X. Since Gg C ¢;1(clf2(¢w(GE))) and Icl{y(GE) is the smallest DPC-soft
set containing G in X, we have

Ieli5(GE) C éy (clia((94(GE))), du(Icliz(GE)) T dy(dy (cliz(94(GE)))).
Thus ¢y (Icliy(GE)) T cliz(9y(GE)).
(2)= (3): Suppose (2) holds, and let Fx € P(Y)X and let Hg = gb;l(FK). Then

clearly, ¢y (Hg) = éy(¢,' (Fx)) E Fr. Thus clfy(¢y(Hp)) E cliy(Fx). By the
condition (2), we have

Ieliy (¢ (Fx)) = Icliy(Hp) € 6 (dy(Ieliy(HE))) E 65 (clia(04(HE)))-

But ¢, (cliy(¢y (Hr))) C ¢y, (cliy(Fi))- So Ieliy (¢, (Fx)) E ¢y (clis(Fi))-
(3)= (4): Suppose (3) holds and let My be any PC-soft subset of Y. Then
clearly, Icl‘fQ(qb;l(MK)) C (b;l(clfQ(MK)). Thus gb;l(MK) is a DPC-soft set of X.
(4)= (1): Suppose (4) holds and let Nx be a PO-soft subset of Y. Then ¢;1(Y -
Nk) is a DPC-soft set of X, since Y — Nk is a PC-soft subset of Y. But X —
211
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¢, (Nk) = ¢, (Y — Ni). Thus X — ¢, (N ) is a DPC-soft set of X. So ¢! (Nx)
is an I PO-soft set of X. Hence ¢y is IS P-continuous. O

The following two theorems characterized DS P-continuous and BS P-continuous
mappings, whose proofs are similar to as that of the above Theorem 3.6.

Theorem 3.7. For a soft mapping ¢y : (X, 71,72, E,<1) = (Y,m,n2, K, <5), the
following statements are equivalent:
(1) ¢y is DSP-continuous,
(2) du(Deliy(GE)) C cliy(¢y(GE)) for any G € P(X)P,
(3) Deliz (6, (Fx)) C 6, (cliz(F)) for any Fyc € P(Y),
(4) for any PC—soft subset My of (Y,m1,m2, K, <2), ¢;1(MK) is IPC-soft sub-
set of (X, 711,72, E,<1).

Theorem 3.8. For a soft mapping ¢y : (X, 71,72, E,<1) = (Y,m,n2, K, <2), the
following statements are equivalent:
(1) ¢y is BSP-continuous,
(2) dy(Bcliy(GE)) E cliy(¢y(GE)) for any G € S(X)F,
(3) Belis(d,' (Fx)) E by (clia(Fk)) for any Fi € S(Y)K.
(4) for any P—closed soft subset Mk of (Y, n1,m2, K, <5), (b;l(MK) is BPC-soft
subset of (X, 11,72, E, <1).

Theorem 3.9. Let (X, 71,72, F,<1) and (Y,n1,m2, K, <2) are soft bitopological or-
dered spaces and ¢y 1 (X, 71,72, E,<1) = (Y, m,m2, K, <2) be a soft mapping. Then
¢y s an ISP-continuous if and only if ¢y : (X, 11, E,<1) = (Y,m,K,<3) and
byt (X, 70, E,<1) = (Y, 2, K, <2) are IS-continuous mappings.

Proof. Suppose ¢y, is an IS P-continuous mapping and let G be a PO-soft set over
Y. Then there exist G}, € m and G% € 2 such that Gg = G, U G%. Since ¢, is
an IS P-continuous mapping, qﬁ;l(GE) = qb;l(G}; UG%) = ¢7;1(G}3) U (;51;1(6%).
In this case, qﬁ;l(G}E) is Ti-increasing and (b;l(GQE) is Tp-increasing. Thus ¢y :
(X,Tl,E, Sl) — (Y, ﬂl,K,Sg) and (i)w : (X,T27E, Sl) — (}/’ 772,K, Sg) are [S-
continuous mappings.

Conversely, suppose ¢y : (X, 71, E,<1) = (Y,m, K,<2) and ¢y : (X, 72, E, <3
) — (Y,n2, K, <) are IS-continuous mappings and let G}, € m,G% € n2. Then
there exists a PO-soft set G such that Gg = GLUG%. Since ¢y : (X, 71, E, <) —
(Y,m, K,<s) and ¢y : (X, 72, E,<1) = (Y, 12, K, <5) are IS-continuous mappings,
¢;1(G1E) is JO-soft set in 7y and (bl;l(GQE) is JO-soft set in 7. Thus (bl;l(G};) U
¢, (GE) = ¢, (G UGE) = ¢, (Gp) is an TPO-soft set. So ¢, is an ISP-
continuous mapping. O

The following two theorems characterized DS P-continuous and BS P-continuous
mappings, whose proofs are similar to as that of the above Theorem 3.9.

Theorem 3.10. Let (X, 7,72, E,<1) and (Y,n1,m2, K, <2) are soft bitopological
ordered spaces and ¢y 1 (X, 71,72, E,<1) = (Y,m1,m2, K,<2) be a soft mapping.
Then ¢y is an DSP-continuous if and only if ¢y : (X, 1, E,<1) = (Y,m, K, <o)
and ¢y 1 (X, 10, E, <q) = (Y, n2, K, <o) are DS-continuous mappings.
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Theorem 3.11. Let (X, 71,70, E,<1) and (Y,n1,n2, K, <2) are soft bitopological
ordered spaces and ¢y @ (X, 71,72, E,<1) = (Y,m,m2, K, <2) be a soft mapping.
Then ¢y is an BSP-continuous if and only if ¢y : (X, 1, E,<1) = (Y,m, K, <o)
and ¢y : (X, 712, E,<1) = (Y, 02, K, <2) are BS-continuous mappings.

Theorem 3.12. Let (X, 11,72, E, <1), (Y, n1,12, K, <2) and (Z, 61,02, L, <3) are soft
bitopological ordered spaces. If ¢y : (X, 71,72, E, <1) = (Y,m1,m2, K, <2) and Ag :
(Y,m,n2, K, <3) = (Z, 61,02, L, <3) are ISP-continuous mappings, then Ag o ¢y :
(X, 71,70, E,<y) = (Z,01, 02, L, <3) is ISP-continuous.

Proof. Let Wy, € 612 be a PO-soft set over Z and let us show that (Ago¢py) (W)
is an 1 PO-soft set in X. Since (Ag o ¢y,) "1 (W) = ¢1;1(A[§1(WL)) and Ag is ISP-
continuous, Agl(WL) is an JPO-soft set in Y. On the other hand, since ¢y, is I.SP-

continuous mapping, (bq;l(Agl(WL)) is an IPO-soft set in X. Then Ag o ¢y is
15 P-continuous mapping. d

The following two theorems characterized DS P-continuous and BS P-continuous
mappings, whose proofs are similar to as that of the above Theorem 3.12.

Theorem 3.13. Let (X, 11,72, E, <1), (Y, 11,12, K, <2) and (Z, 61,02, L, <3) are soft
bitopological ordered spaces. If ¢y + (X, 71,72, E,<1) = (Y,m,m2, K, <o) and Ag :
(Y,m,n2, K, <3) = (Z, 61,062, L, <3) are DSP-continuous mappings, then Ag o ¢y :
(X,71,72,FE,<1) = (Z,01,02, L, <3) is DSP-continuous.

Theorem 3.14. Let (X, 11,72, E, <1), (Y, n1,m2, K, <3) and (Z, 61,02, L, <3) are soft
bitopological ordered spaces. If ¢y : (X, 71,72, E,<1) = (Y,m,n2, K, <2) and Ag :
(Y,m,m2, K, <2) = (Z, 61,062, L, <3) are BSP-continuous mappings, then Ag o ¢y :
(X, 711,10, FE,<y) = (Z,01, 02, L, <3) is BSP-continuous.

4. ISP (DSP, BSP)-OPEN AND ISP (DSP, BSP)-CLOSED MAPPINGS

In this section, we introduce the concepts of ISP-open and ISP-closed map-
pings, as well as DS P-open and DS P-closed maps, and B.S P-open and BS P-closed
maps. We then establish the relationships among these concepts and provide equiv-
alent conditions for each type of soft map. Finally, we investigate the interrelations
between these soft maps and their counterparts on bitopological ordered spaces.

Definition 4.1. A soft mapping ¢y : (X, 71,72, E, <1) = (Y, n1,m2, K, <2) is called
ISP (resp. SP, BSP)-open, if ¢4(Gg) is IPO (resp. DPO, BPO)-soft set in Y,
whenever Gg is a PO-soft set in X.
Example 4.2. From Example 3.2, 712 = {Xg, ®,Gg, Fg, Hg}, where Hg = {(a1, X),
(ae,{a})}. Then clearly, Gg, Fr and Hg are PO-soft sets in X. Moreover, we have
Dy (G) (1) = Ueep-1(a;)#(G(e)) = ¢(G(ar)) = o({b}) = {b},
Dy (G)(a2) = Ucep-1(ay)9(G(e)) = ¢(G(az)) = ¢({a}) = {a},
Dy (F)(on) = Ueep1(ay)@(F(€)) = ¢(F (1)) = ¢({a, c}) = {a, c},
Dy (F)(a2) = Ueey1(az)@(F (€)) = d(F(a2)) = ¢(2) = 2,
Gy (H) (1) = Ucep-1(ar)?(H(e)) = ¢(H (1)) = d({c}) = {c},

Gy (H)(a2) = Ueey-1(an)P(H () = 0(H(a2)) = ¢(X) = X.
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Thus ¢y, is P-soft open mapping but it is not xSP-open for x = I; D; B.

Example 4.3. Let X,Y, 71, 72,m1,n2, E, K, ¢,9% as in Example 3.3. Consider <;=
AU{(a,b),(a,c)} and <= A U{(a,c)}. Then we get

¢y(G) (1) = 6(G(en)) = o({c}) = {c},
¢y (G)(az) = ¢(G(az)) = 6({a, c}) = {a, ¢},
Py(F)(1) = o(F(an)) = ¢({c}) = {c},
¢y (F)(az) = ¢(F(a2)) = 6({b, c}) = {b, ¢},
Py (M)(1) = p(M(ar)) = o({c}) = {c},

Gy (M)(az) = p(M(az)) = $(X) =Y.
Thus ¢4 (GE) = Gg, ¢4 (Gg) = Gg and ¢y (Mg) = Hg are IPO-soft sets in Y. So
¢y is an IS P-open mapping, but it is not a DS P-open mapping. However ¢, is not
BS P-open.

Example 4.4. In Example 3.4, consider <;=<o= A U {(b,a),(a,c),(b,c)},m =
{Yi,®, Fl, F3}, where F3 = {(a1,{a,b}), (a2, 2)} and 12 = {Yi, ®, F), F&-, F3}
Then we have

¢u(G1) (1) = ¢(G' (a2)) = ¢(2) = 2,
¢u(G1)(az) = ¢(G(on)) = ¢({a}) = {b},
¢ (G?) (1) = $(G*(a2)) = ¢({a,b}) = {a, b},
¢ (G?)(a2) = ¢(G*(an)) = p(2
¢u(G®)(a1) = $(G°(a2)) = ¢({a,b}) = {a b},

¢ (G%)(a3) = 6(G* (1)) = ¢({a}) = {b}.
Thus ¢y (GL) = FZ, ¢4(G%) = F3 and ¢4 (G%,) = Fi are DPO-soft sets in Y. So
¢y is a DS P-open mapping, but it is not an I.SP-open mapping. However ¢, is not
BSP-open.

) =
) =
)=
) =

Remark 4.5. For a soft mapping ¢y : (X, 71,72, E, <1) — (Y, 11,2, K, <2), We
have the following diagram:
¢y is ISP-open «» ¢y, is DS P-open
N\ e
¢y is P-soft open

N ) e
¢y is BSP-open.

Theorem 4.6. Let ¢y : (X, 71,72, FE,<q) = (Y,n1,1m2, K, <2) be a soft mapping.
The following statements are equivalent:
(1) ¢y is ISP-open,
(2) ¢y(intiy(Gp)) E Iintiy(dy(GE)) for any Gp € P(X)P,
(3) intiy (b, (Fx)) C ¢, (Iintiy(Fi)) for any Fi € P(Y)X
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Proof. (1)= (3): Suppose (1) holds and let Fx € P(Y)X. Since inti, (¢, (Fk)) is a
PO-soft set in X and ¢y, is ISP-open map, ¢y (int3, (gb;l(FK))) is an 1 PO-soft set
in Y. Also, gy (intia(¢y, ' (Fi))) € y (@, (Fi)) C Fic. Then gy (intfy(¢," (Fi))) C
Iint3,(Fk), since Iint5y(Fg) is the largest IPO-soft set contained in Fy. Thus
int3y (95" (Fx)) C 6y (Iintis(Fr ).

(3)= (2): Suppose (3) holds and let G € P(X)E. Replacing Fx by ¢y (Gr)
in (3), we get int5y (¢, (¢4(Gr))) T ¢, (Iint3s(¢y(Gr))). Since intfy(Gp)) E
intia(67 (6u(Gr))), intiy(G)) C 65 (Tint3y (6 (Gx))). Thus we have

¢y (int3s(GE)) C by oy, (Lintiy(dy(Gr)))) E Lintiy(6y(GE))-

So ¢y (intiy(GE)) E lintiy(dy(GE)).
(2)= (1): Suppose (2) holds and let Gg be any PO-soft set in X. Then we have

¢y (Gp) = ¢y(intiy(GE)) E Tintiy(¢y(GE)).
Thus ¢y (GEg) is an IPO-soft set in Y. So ¢, is IS P-open mapping. O

The following two theorems characterized D.SP-open and B.SP-open mappings,
whose proofs are similar to as that of the above Theorem 4.6.

Theorem 4.7. Let ¢y : (X, 71,72, E,<1) = (Y,m1,m2, K, <2) be a soft mapping.
The following statements are equivalent:

(1) ¢y is DSP-open,

(2) du(intiy(Gr)) E Dint}y(¢y(GE)) for any G € P(X)P.

(3) int3y(6, (Fi)) € 631 (Dintiy(Fi)) for any Fic € P(Y)X,

Theorem 4.8. Let ¢y : (X, 71,72, E,<1) = (Y,m1,m2, K, <2) be a soft mapping.
The following statements are equivalent:

(1) ¢y is a BSP-open mapping,
(2) dy(int}y(Gr)) E Bintiy(¢y(GE)) for any Gg € S(X)P,
(3) intia(0y (Fi)) T o (Bintsy(Fi)) for any Fic € S(Y)X.

Theorem 4.9. Let¢1/1 : (X7T17T27E; Sl) — (Kn17n25K7 SQ) andAﬂ : (KnthaK,
<3) = (Z,01,02,L,<3) be two soft mappings. If ¢ and Ag are ISP-open, then
Agody (X, 11,72, E,<1) = (Z,61,02, L, <3) is ISP-open mapping.

Proof. Suppose ¢, and Ag are ISP-open. Let Gg be a PO—soft set over X and
let us show that (Ag o ¢y)(GE) is an IPO-soft set in Z. Since (Ag o ¢y)(GE) =
Ap(¢py(GE)) and ¢y is ISP-open, ¢y (GE) is an IPO-soft set in Y. On the other
hand, since Ag is ISP-open, Ag(¢y4(Gg)) is an IPO-soft set in Z. Thus Ag o ¢y, is
15 P-open mapping. O

The following two theorems characterized DSP-open and BSP-open mapping,
whose proofs are similar to as that of the above Theorem 4.9.

Theorem 4.10. Let ¢y = (X, 71,72, E,<1) = (Y, 1,12, K, <2) and Ag : (Y, 1,12, K,
<5) = (Z,61,62,L,<3) be two soft mappings. If ¢, and Ag are DSP-open, then
Agody (X, 11,1, E,<1) = (Z,61,02, L, <3) is DSP-open mapping.
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Theorem 4.11. Let ¢y : (X, 71,72, E,<1) = (Y, 1,12, K, <2) and Ag : (Y, 1,12, K,
<5) = (Z,61,062, L, <3) be two soft mappings. If ¢, and Ag are BSP-open, then
Agody : (X, 11,72, FE,<1) = (Z,01,02, L, <3) is BSP-open mapping.

Definition 4.12. A soft mapping ¢y : (X, 71,72, E, <1) — (Y, 11, 72, K, <) is called

ISP (resp. DSP, BSP)-closed, if ¢,(Gg) is IPC (resp. DPC, BPC)-soft set in
Y, whenever Gg is a PC-soft set in X.

Example 4.13. From Example 4.2, we have G% = {(a1,{a,c}), (ag, {b,c})}, Fg =
{(c11,{b}), (a2, X)}, HE = {(11, D), (a2, {b, c})}. Since G, F, and H are PC-soft
set in X, we have

Py (G) (1) = Ueey-1(an) 9(G°(e)) = ¢(G°(1)) = ¢({a, c}) = {a, c},
Py (G°)(2) = Ueey-1(ay) (G°(€)) = ¢(G*(a2)) = o({b, c}) = {b, ¢},
Gy (F€)(a1) = Ueey-1(a)(F°(€)) = ¢(F°(ar)) = o({b}) = {b}
¢w( )(@2) = Ueey-1(ay) 9(F(€)) = ¢(F(a2)) = $(X) =
then ¢y (H%) (1) = Ueey—1(ay) $(H (€)) = ¢(H (1)) = (2 ) ,

Gy (H)(02) = Ucey1(an)P(H (€)) = ¢(H(02)) = o({b, c}) = {b, c}.
Then clearly, ¢, is P-soft closed map, but it is not ©SP-closed for x = I; D; B.

Example 4.14. From Example 4.3, we have G% = {(aq, {a,b}), (a2, {b})}, Fg =
{(a1,{a,b}), (a2, {a})}, H; = {(a1,{a,b}), (a2, @) }. Then we have

¢y (G)(an) = Ue@ Ha@(G(€)) = ¢(G*(an)) = 6({a,b}) = {a, b},

Py (G)(2) = Ueey-1(ay) 9(G°(€)) = ¢(G°(2)) = p({b}) = {b},

Gy (F€)(a1) = Ueey-1(a)(F<(€)) = ¢(F°(ar)) = ¢({a,b}) = {a, b},
Py (F)(2) = Ueey-1(ay) (F°(€)) = ¢(F°(2)) = ¢({a}) = {a},

Gy (H) (1) = Ueey-1(an)P(H (€)) = ¢(H (1)) = ¢({a,b}) = {a, b},
Gy (H®)(2) = Ueey - 1(a2)¢( “(e)) = p(H(2)) = 6(2) = &.

Thus ¢4(GY) = G%, ¢y(Fg) = Fg and ¢y (HS) = HY, are an IPC-soft sets in
Y. So ¢y is IS P-closed, but it is not a DSP-closed mapping. However ¢y, is not
BS P-closed.

Example 4.15. From Example 4.4 consider <o= A U {(a,b)}, we have GL =

{(a1,{b,c}), (a2, X)}, GF = {(e1, X), (a2, {c})}, GF = {(a1, {b. c}), (a2, {c})}, F}f =
{(ala {C})’ (042, {a C})} F2C = (ala ) (O‘2a {aa C})}a Flc(g = {(O‘Ia {C})a (a27X)}' Then
¢w(Glc)(a1) = Ueey-1(a)9(G'°(€)) = 6(G'(2)) = ¢(X) = X,
¢y (G (a2) = Ueey- 1(a2)¢>(G1°(6)) = ¢(G%(a1)) = ¢({b,c}) = {a,c},
Gy (G*) (1) = Ueey-1(an)D(G*(€)) = ¢(G**(a2)) = ¢({c}) = {c},
Gy (G*)(a2) = Ueey-1(as)D(G*(e)) = (G**(a1)) = ¢(X) = X,
Gy (GZ) (1) = Ueey-1(a)$(G*(e)) = ¢(G**(a2)) = ¢({c}) = {c},
¢w(G36)(a ) = Ueey- Han)#(G*(e)) = (G* (1)) = ¢({b, c}) = {a, c}.

2
Thus ¢y (GY) = F&, ¢4(G%) = F3¢ and ¢, (G¥) = Fi¢ are DPC-soft set in Y.
So ¢y is DSP-closed, but it is not an ISP-closed mapping. However ¢, is not
BS P-closed.

Remark 4.16. For a soft mapping ¢y : (X, 71,72, E,<1) = (Y, m,n2, K, <q), we
have the following diagram:
¢y is ISP—closed «» ¢, is DSP-closed

hN v
216



Shalil et al./Ann. Fuzzy Math. Inform. 27 (2024), No. 3, 205-221

¢y is P-soft closed

N T %
¢y is BSP-closed.

Theorem 4.17. Let ¢y : (X, 71,72, E, <1) = (Y,m1,n2, K, <2) be a soft mapping.
Then ¢y is an ISP-closed mapping if and only if Icl5y(dy(GE)) T ¢y(clis(GE))
for any G € P(X)F.

Proof. Necessity: Suppose ¢, is an ISP-closed mapping and let Gg € P(X)E.
Then by the hypothesis, ¢y (cljy(Gg)) is an IPC-soft set in Y and ¢ (Gg) C
by (cliy(GR)). Thus Icliy(¢y(GE)) T éu(cliy(GE)), since Icliy(¢y(GE)) is the
smallest JPC-soft set containing ¢,(Gg) in Y.

Sufficiency: Suppose the necessary condition holds and et Fg be any PC-soft set
in X. Then ¢y(Fp) C Icliy(¢y(FE)) E dy(cliz(FE)) = ¢y(Fg). Thus ¢y (Fg) =
Icl5y(¢y(FE)). So ¢y (FE) is an IPC-soft set in Y. So ¢y is an 1.5 P-closed mapping.

O

The following two theorems characterized DS P-closed and BS P-closed mapping,
whose proofs are similar to as that of the above Theorem 4.17.

Theorem 4.18. Let ¢y : (X, 71,72, E,<1) = (Y,m1,n2, K, <2) be a soft mapping.
Then ¢y is a DSP-closed mapping if and only if Dcl§y(dy(GE)) T ¢y(clia(GE))
for any Gg € P(X)F.

Theorem 4.19. Let ¢y : (X, 71,72, E, <1) = (Y,m1,m2, K, <2) be a soft mapping.
Then ¢y is a BSP-closed mapping if and only if Beliy(dy(GE)) T ¢y(clis(Gr))
for any Gp € P(X)F.

Theorem 4.20. The following three statements hold for a bijective soft map ¢y :
(X77—177—27E7§1> — (Ya7717772»K7 SQ) :

(1) ¢y is ISP (resp. DSP, BSP)-open if and only if ¢y is DSP (resp. ISP,
BSP)-closed.

(2) ¢y is ISP (resp. DSP, BSP)-open if and only if ¢;1 is ISP (resp. DSP,
BSP)-continuous.

(3) ¢y is ISP (resp. DSP, BSP)-closed if and only if qS;l is ISP (resp. DSP,
BS P)-continuous.

Proof. To summarize, we only give proofs of cases outside the parenthesis for the
three statements above and the cases between parenthesis can be made similarly.

(1) Suppose ¢y is an ISP-open mapping and let Gg be a PC-soft set in X.
Then G be a PO-soft set and ¢, (G%;) is an I PO-soft set in Y. Since ¢, is bijective,
o5(G%) = (09(GE)°. Thus ¢ (GE) isa DPC-soft set in Y. So ¢ is an D.SP-closed
mapping. The sufficiency condition can be proved in a similar manner.

(2) Suppose ¢y, is an I.SP-open mapping and let F be a PC-soft set in X. Then
¢y (Fg) is a IPO-soft set in Y. Since ¢, is bijective, ¢y (Fg) = (¢1;1)’1(FE). Thus
(rj)q;l)’l(FE) is an I PO-soft set in Y. So rj);l is an I.S P-continuous mapping. The
sufficiency condition can be proved in a similar manner.

(3) The proof of this statement comes immediately from (1) and (2). O
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5. ISP (DSP, BSP)-HOMEOMORPHISMS

The concepts of ISP (resp. DSP, BSP)-homeomorphisms are introduced and
their main properties are discussed. Some examples are constructed to illustrate the
relationships among the initiated soft mappings.

Definition 5.1. A soft mapping ¢y : (X, 71,72, E, <1) = (Y, 01,12, K, <2) is called
ISP (resp. DSP, BSP)-homeomorphism, if it satisfies the following conditions:
(1) ¢y is ISP (resp. DSP, BSP)-open,
(ii)¢py is ISP (resp. DSP, BSP)-closed,
(ili) ¢y is ISP (resp. DSP, BSP)-continuous,
(iv (b;l is ISP (resp. DSP, BSP)- continuous.
Example 5.2. From Example 3.2, 4.2, 4.13, we obtain that ¢, is not x.SP-
homeomorphism for = I; D; B, but it is a P-soft homeomorphism.
Example 5.3. Let F = {aj,as} = K and X = {a,b,c,d} =Y, <;= A U
{(c,b)}, <o= aU{(a,d)} and let 71 =1 = {XEg,P,Gr} and 70 = 1o = {Xg, ?, Fr},
where Gg = {(a1,{a,d}), (aa,{b,c})}, Fr = {(a1,{a,b,d}), (az,{b,c})}. Then
clearly, (X, 11,72, F, <1) and (Y, 71,12, K, <5) are soft bitopological ordered spaces
and 712 = m2 = {Xg,®,Gg, Fr}. Let us consider identity mappings ¢ and .
(i) It is obvious that
¢y (GE)(a1) = ¢({a,d}) = {a,d}, ¢4(GE)(az) = ¢({b,c}) = {b,c},
by (Fp)(ar) = ¢({a,b,d}) = {a,b,d}, ¢y(Fp)(az) = ¢({b,c}) = {b,c}.
Then ¢y (Gg) = Gg and ¢y (Fg) = Fg are IPO-soft sets in Y. Thus ¢, is 1.5 P-open.
(ii) It is clear that
¢y (Gg)(an) = o({b, c}) = {b,c}, ¢y (GE)(a2) = ¢({a,d}) = {a,d},

¢y (Fg)(a1) = o({c}) = {c}, du(Fi)(az) = ¢({a,d}) = {a,d}.
Then ¢4 (G%) = G and ¢y (Ff) = Fy, are IPC-soft sets in Y. Thus ¢y, is ISP-
closed.
(iii) We can easily prove that ¢y, is .S P-continuous.
(iv) We obtain easily the followings:

¢y (Gp)(ar) = ¢ (Gr(¥(en))) = ¢7(Ge(ar)) = ¢~ ({a,d}) = {a, d},
¢y (Gp)(az) = ¢~ (Gr(¥(a2))) = ¢~ (Gp(az)) = ¢~ ({b,c}) = {b,c},
¢y (Fe)(ar) = ¢~ (Fe(¥(ar))) = ¢~ (Fp(ar)) = ¢~ ({a,b,d}) = {a,b,d},
¢y (Fp)(az) = ¢~ (Fp(¥(az2))) = ¢~ (Fp(az)) = ¢~ ' ({b,c}) = {b,c}.
Then d);l(GE) = Gg and ¢1;1(FE) = Fg are I PO-soft sets in X. Thus (;5;1 is ISP-

continuous. So ¢y is an IS P-homeomorphism, but it is not a DS P-homeomorphism.
However ¢y, is not a B.SP-homeomorphism.

Example 5.4. In Example 5.3, consider <;= A U {(b,¢)} and <o= A U {(d,a)}.
(i) We obtain easily the followings:
¢y(GE)(ar) = ¢({a,d}) = {a,d}, &y (GEp)(az) = ¢({b,c}) = {b,c},

by (Fp)(on) = ¢({a,b,d}) = {a, b,;iié $u(Fi)(az) = ¢({b, c}) = {b, c}.
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Then ¢ (Gg) = Gg and ¢y (Fg) = Fg are DPO-soft sets in Y. Thus ¢, is DSP-
open.
(ii) It can be calculated:

¢y (GE)(a1) = o({b,c}) = {b, ¢}, by (Gy)(a2) = ¢({a,d}) = {a,d},

¢y (Fp)(an) = o({c}) = {c}, ¢y (Fp)(a2) = 6({a,d}) = {a,d}.
Then ¢ (G%) = G and ¢y (FE) = F§ are DPC-soft sets in Y. Thus ¢y, is DSP-
closed.
(iii) It is clear that ¢y, is DS P-continuous.
(iv) We have

¢y (Gp)(a1) = ¢~ H(Ge(¥(a))) = ¢~ (Ge(a) = ¢~ ({a,d}) = {a,d},

¢y (Gr)(a2) = 67 (Gr(P(a2) = ¢~ (Gr(az)) = 6~ ({b,¢}) = {b,¢}.
Then qS;l(GE) = (g and gb;l(FE) = Fg are DPO-soft sets in X. Thus ¢, is a
DS P-homeomorphism, but it is not an I.S P-homeomorphism. However ¢, is not a
BS P-homeomorphism.

Theorem 5.5. If a bijective soft mapping ¢y : (X, 71,72, E, <1) = (Y, 1,12, K, <2)
is ISP (resp. DSP, BSP)-continuous, then the following three statements are
equivalent:

(1) ¢y is a ISP (resp. DSP, BSP)-homeomorphism,
(2) (b;l is ISP (resp. DSP, BSP)-continuous,
(3) ¢y is DSP (resp. ISP, BSP)-closed.

Proof. (1)= (2): Suppose (1) holds. Then clearly, ¢, is ISP (resp. DSP, BSP)-
open. Thus by Theorem 4.20 (2), gb;l is ISP (resp. DSP, BSP)-continuous.
(2)= (3): The proof follows from Theorem 4.20 (3).
(3)= (1): It sufficient to prove that ¢, is ISP (resp. DSP, BSP)-open. This
follows from Theorem 4.20 (1). O

6. CONCLUSIONS

This paper introduces and defines the concepts of z.SP-continuous, z.SP-open,
xS P-closed, and x5 P-homeomorphism maps via soft bitopological ordered spaces.
Relationships between the introduced soft maps and their counterparts in bitopo-
logical ordered spaces are established. These new soft ordered maps provide a basis
for further developments in soft bitopological ordered spaces. Future research will
introduce additional soft ordered bitopological concepts and explore their properties.
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