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Abstract. As a result of the importance of topological space in data analysis and some applica-
tions, many researches have used various methods to expand that space, including the concept of
ditopology. T. Dizman and et al. presented soft ditopolgical spaces in 2016. We define new types
of nearly soft open sets in soft ditopology as soft 8 - open, soft 3 - closed, soft preopen, soft semi
- open, and some related properties in this paper. Soft 8 - continuous and soft S - cocontinuous
functions were also introduced . Finally, soft 8 - compact, soft 3 - stable and soft 8 - irresolute
concepts were discussed, and some of the concepts were studied in this field.
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1. Introduction and Preliminaries

In the late twentieth century, Molodtsov[11] introduced the theory of soft set as a
generalization of the set theory, which widely used to deal with incomplete, insufficient
information for its study and analysis, which similar to the rough set theory. Soft set the-
ory and its applications are now advancing rapidly in a variety of fields[5, 7, 8, 13-15, 19].
Maji et al.[21, 22] presented some new definitions of soft sets as well as an application of
soft sets in decision making problems. Jose Carlos et al.[6] participated in the development
and improvement of soft topology. The idea of a generalization of the topological space by
using novel concepts as ideal, grill, filter[3, 9, 16, 24] coming as a result of the importance
of topological space and used it to solve some of the measures things that were previously
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difficult to solve. The mysterious set theory and other uncertain knowledge models have
led to new approaches to decision - making as [2, 4]. So, Brown et al.[12] introduced the
concept of ditopological space as a generalization of topological spaces. The concept of
ditopological space via the soft set theory with separation axioms of soft ditopological
space introduced by Senel in 2016 [23]. Where the idea of ditopological spaces depends
on two structures soft topology and soft cotopology. Also, Senel [23] introduced soft di-
topological spaces as a soft generalization of ditopology concept, which depends on two
structures a soft topology and a soft subspace topology. S. Dost et al. In[12] introduced
the concept of 8 - open and S - closed in ditopological texture spaces. In this paper, we
will introduce some of the nearly soft 8 - open sets, the study of soft 8 - compactness and
soft B - cocompactness. Also, soft 5 - stable and soft 3 - irresolute were introduced in soft
ditopological spaces and study some of their properties.

Through this section, we recall several basic notions related to soft set, soft topologi-
cal space, soft cotopological space, and some of the nearly soft open sets through soft
topological space, which handled in mentioned in [10-12, 17, 18, 20]. Through this paper,
we notice that U refers to an universal set, F is the soft parameters and P(U) is the power
set of U. .

Definition 1. [11] On universal set U, a pair (f, E) is called a soft set if and only if f
is a mapping from E into the power set P(U). To put it another way, the soft set is a
parametrized family of subsets of the set U. FEvery setf(e), e € E in this family can be
thought of as the set of e-elements of the soft set (f, E), or as the set of e-approximate
elements of the soft set..

Definition 2. [20] If T is defined as the collection of soft sets over X, then T is said to
be a soft topology on X if it fulfills the following axioms: (1)X,® € 7, where ®(e) = ®
and X(e) = X,Ye € E. (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, E) is referred to
as a soft topological space, and the members of T are referred to as soft open sets.

Definition 3. Let (X, 7, E) represent a soft topological space over X and (F, A) represent
a soft set over X. (1) The soft interior of (F, A) [18] is the soft set int (F, A) = X{(0, A) :
(O, A) is the soft open and (O, A)C(F, A)}.

(2) The soft closure of (F, A) [20] is the soft set cl (F, A) = N{(C, A) : (C, A) is soft closed
and (F, A)C(C, A)}.

Definition 4. [12] If k is the collection of complement soft sets over X, then k is said to
be a soft cotopology on X if it obeys the following axioms: (1) ® and X € k.

(2) The intersection of any number of soft sets in k € k.

(8) The union of any two soft sets in k € k. The triple (X, k, E) is referred to as a soft
cotopological space, and the members of k are referred to as soft closed sets.

Definition 5. A soft set(F, E) of a soft topological space(X, T, E) is said to be:
(1) Soft B - open [17] if (F, A) C cl(int(cl(F, A))).
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(2) Soft preopen [17] if (F, A) C int(cl(F, A)).

(3) Soft o - open [20] if (F, A) C int(cl(intl(F, A))).
(4) Soft semi- open [10] if (F, A) C cl(int(F, A)).
(5) Soft open [20] if its complement is soft closed.

Definition 6. [1] A function f : (X, 7) — (Y, 0) is said to be 5 - irresolute if the preimages
of B - open sets are 5 - open.

2. Soft g - open and soft - closed sets

Definition 7. Let U be a universel set and E be the parameters. A family (1,k) of a
subsets of Ug is called a soft ditopology on a soft subspace Ug, where T is a soft topology,
K 1s a soft cotopology and the space (0E,T, k) is called soft ditopological space. If we take
(1,k) = Q, then (Ug, Q) is said to be soft ditopological space.

Definition 8. Let (UE, T, k) be a soft ditopological space over Ug and f be a soft set over
Ug such that f = {(e,A):e€ E;A€ P(U) and (e,A) = F : E — P(U)}.

Definition 9. Let Uy € S. The power soft set of UE~ is defined by P(Ug) = {f;CUgp : i €
I} and its cardinality is defined by |P(Ug)| = 22ccr U@l where |Ug(e)| is the cardinality
UE(e)

Example 1. Let U = {uy,us}, E = {e1,e2} and Ug = {(e1, {u1,u2}), (€2, {ui,us})} then

the soft sets are: fi = {(ex,{w})}, fo = {(ex,{uz})}, fs = {(ex,{wr,ue})}, fa =
{(e2, {ur})}, f5 = {(e2, {ua})}, fo = {(e2, {ur,we})}, fr = {(e1,{w1}), (e2, {wa})},

fs =A(er,{ur}), (e2,{u2})}, fo = {(e1, {uz}), (e2,{ui})}, fio = {(e1, {uz}), (e2, {ua})},
fin={(ex, {u1}), (e2, {ur, u2})},

frz =A{(e1, {u2}), (2, {wa,ua})},  fis = {(er,{ur,u2}), (e2, {wa )}, fra = {(ex, {1, u2}),
(e2,{u2})}, fis =Ug, fie =P. And we get the complement the soft sets are:
fi=Aler,{uwe)}, f5={ler,{w})}, f§=A{(er, @)}, [i={(e2,{ua})}, [f5={(e2,{ma})},
fg = {(62’(1))}7 f?c = {(617 {UQ})v (627 {UQ})}ﬂ fSC = {(617 {UQ})ﬂ (627 {ul})}; f‘g = {(617 {ul})f
(e2, {UQ})}, fio = {(617 {u1}), (e2, {Ul})}, fii = {(ex, {uQ})v (627(1))}; fia = {(ex, {’%1});
(627(1))}} flcS = {(61,@),(62,{11,2})}, flc4 = {(617(?)7 (62,{U2})}, f165 = 9, flc6 = UE

Also we get a soft ditopological space (1,k) = {®,Ug,{(e1,{u2})}, {(e1,{w1})}} on Uk,
such that 7 = {Ug, ®,{(e1,{u2})}} and k = {®,Ug, {(e1,{u1})}.

Definition 10. A soft 5 interior of a soft set f is denoted by sf - int (f) which is defined
by.
sB - int (f) = O{h: h is a soft B - open and hC f}.

A soft 3 closure of a soft set f is denoted by s - cl (f) which is defined by.
sf-cl (f) =0{k:kisasoft 3 - closed and fCk}.

Definition 11. Let (UE,T, k) be a soft ditopological space and f € P(UE) then:
(1) f is a soft B - open if fCcl(int(cl(f))).
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(2) f is a soft B - closed if int(cl(int(f)))Cf.

(3) f is a soft a - open if fCint(cl(int(f))).

(4) f is a soft preopen if fCint(cl(f)).

(5) f is a soft preclosed if cl(int(f))Cf.

(6) f is a soft semi - open if fCcl(int(f)).

(7) f is a soft B - open if the complement of f is a soft 5 - closed.

Remark 1. In a soft ditopological space it is easy to see the set of all soft 8 - open con-
tains each of a soft semi - open, soft preopen and soft a - open, as shown in the following
diagram but the converse need not be true in general as Example 2

Soft semi - open set
Soft open set ———» Soft a - open set Soft B - open set

Soft preopen set

Diagram

Example 2. Let (Ug,7, k) be a soft ditopological space, U = {uy,us}, E = {e1, e} such
that

Ug = {(617 {ul’ u2})? (e2, {u17 UQ})}f T = {UE7 P, {(617 {UQ})}7 {(627 {U1, UQ})}v {(617 {ulv U’Q})f
(62> {ul)}7 {(61, {u2})a (627 {ul})}7 k= {(1)7 Uk, {(61, {ul})v (627 (I))}a {(61, (I))> (62, {’LLQ})},
{(e1,{u1}), (e2, {uz})}, we notice that the soft set {(e1,®), (e2,{u1})} in soft ditopological
space is soft preopen set and not soft o - open set. Also it is soft B - open and not soft
semi - open Set.

Theorem 1. If h is a soft closed and f is a soft 3 - open then f U h is a soft B - open.
Proof: Since f C cl(int(cl(f))), (h O f) C hUecl(int(cl(f))) = cl(int(cl(h))) O cl(int(cl(f)))
C cl(int(cl((h)U (f)))). This show that fO h is soft B - open.

The class of all soft 5 - open ( resp. soft 3 - closed, soft preopen, soft semi - open, soft
« - open, soft « - closed and soft preclosed )in ditopological spaces (Ug, T, k) denoted by
SBO (resp. SGC , SPO, SSO, SaO, SaC and SPC).

Theorem 2. Let (ﬁE,T, k) be a soft ditopological space we have:

(1) If f € SPO, f C h C scl(f) then h € SBO.

(2) If f € SPC, sint(f) € h Cf then h € S5C.

Proof: (1) Since f is soft preopen = fCint(cl(f))ChCA{f : f is soft closed } Cel(int(cl(f))) =
h € SpO .

(2) Since f is soft preclosed = cl(int(f))Cf, sint(f)ChCf = h € SBC.

Lemma 1. Let (0E,T, k) be a soft ditopological space, then

(1) 7 € SPO C SBO and k C SPC C SBC.

(2) SPO and SBO are closed under arbitrary unions.

(8) SPC and SBC are closed under arbitrary intersections.

Proof: (1) Since the element of T is a soft open then, T C SPO and SPO C SB0, that is
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7 C SPO C SBO. Similary, the element of k is a soft closed then, kK C SPC and SPC C
SBC, that is k C SPC C SBC.
(2) and (3)are obuvious.

Lemma 2. Let (UE,T, k) be a soft ditopological space and f is a soft set on Ug then :
(1) f € SBO < f=sB - int(f).

(2) feSPC < f=sB -cf). i i
Proof: (1) Let f = sf - int(f). Since s - int(f) = U{h : h is a soft 5 - open and hCf}
this show that f € {h : h is a soft B - open and hCf} hance f is a soft B - open .
Conversely let f € SBO, since fCf, f € {h: h is a soft 3 - open and hTf} further,
hCf Vv f, since

f=U0{h:his asoft B - open and hC f}.

(2) Similar (1)

Lemma 3. Let (UE, Q) be a soft ditopological space the following hold for soft 3 - closure.
(I)SB-QZ(CD):CI). .
(2) If f € h= 58 - cl(f) T 56 - cl(h).

Definition 12. A soft ditopological space (Ug,Q) is called .
(1) Soft B - compact if every cover of Ug by soft B - open sets has a finite subcover.
(2) Soft B - cocompact if every cocover of ® by soft 5 - closed sets has a finite subcocover.

Proposition 1. Let (Ug,Q) be a soft ditopological space andN(f]E, Q°) is a complement of
soft ditopological space. Then h € SBC <= h¢ € SO, h € Ug.

Proposition 2. Let Q° be a complement soft ditopology on Ug. Then (UE, Q°) is soft B
- compact if and only if it is soft B - cocompact.

Proof: Let Q be soft B - compact and f = {f; : i € J} € SBC with Nf = ®. that
G={ff:ielJ}

€ SBO, Moreover Ug = O{ff i€ J} = {Afi:i€ J}*=d° = Ug.

Similary, if  is soft B - compact then it is soft 5 -cocompact.

Definition 13. Let (1, ) be a soft ditopology on Ug.
(1) (1,K) will be called sB - stable if every sf - closed set h € Q\ {Ug} is s - compact
(2) (1,k) will be called sf3 - costable if every sB - open set f € Q\ ® is sf - cocompact in

Ug.

Example 3. Let (7,x) be a soft ditopological space on Ug such that U = {uy, ug, us},

E ={ej,ez,e3}, Up = {(e1, {u1,u2}), (e2, {ua,us})}, 7 ={®,Ug} and k = {®, {(e1, {u1}),
(e2, {u2})}}. 3 N
Firstly, we notice that, the only soft B - open are ®,Ug in soft ditopolgical space (Ug, T, k),
that is it is soft B - compact. Also, the soft h = {(e1,{u1}), (e2,{u2})} is soft closed and
soft B - closed, so it is not soft compact and not soft 5 - compact. If follows that (7, k) is
not s - stable.

Secondly, we show that the space may be s - compact but not soft 5 - costable.
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Let 7 = {(e1, {u1}), (e2, {ua})}, k = {®, U}, the soft ditopology (T, k) is not s8 - compact
since it is not soft compact. On the other hand (7, k) is sf - stable since every sf - closed
set is closed and the only closed sets Ug and ® which is sf - compact.

Thirdly, also we can choose T and k such that the soft ditopological space is sf3 - costable
but not sB - compact.

Definition 14. A soft ditopological space is called S - dicompact if it is S - compact,
SpB - cocompact, SB - stable and SB - costable.

Proposition 3. Let (1, k) be a soft ditopology on Ug:

(1) Soft B - compact = strongly soft compact => soft compact.

(2) Soft B - cocompact = strongly soft cocompact = soft cocompact.

Proof: It is obvious, since every soft open set is soft preopen and every soft closed set is
soft preclosed.

Proposition 4. For a soft ditopological space:

(1) Soft B - stable = soft strongly stable = soft stable.

(2) Soft B - costable = strongly soft costable = soft costable.
Moreover, the converse is not true in general, as the following example:

Proposition 5. Let Q be a complemented soft ditopology on (Ug)¢. Then (Ug,Q°) is soft
B - compact if and only if it is soft B - cocompact.

Proof: Let (Ug, Q) be a soft B - compact and let K = {k; | i € J} be a family of
soft B - closed sets with NK = ®. Obvious G = {k; | 1 € J}° is a family of soft B3
open sets. Moreover , UG = U{k; | i € J}* = Ug, and so we have J' C J finite with
O{wi | i€ J'}¢ =Ug . That is Wk |i € J' = ®, and so (Ug,Q) is soft § - cocompact.
Similarly, if (UE, Q) is soft f - compact, then it is soft - compact.

Definition 15. A soft ditopological space will be called soft B - dicompact if it is soft (5 -
compact, soft B - cocompact, soft B - stable and soft B - costable.

Example 4. (1) Let (1,k) be a soft ditopological space on Ug such that U = {uy, u2, u3},
E={e1,e2},Ug €5, UE = {(e1,{u1,u2}), (e2,{uz,us})}, 7 = {Ug, @}, {(e1, {u1, u2}),
(e2,{us})} and Kk = {®,Ug}. ) .

Since the only soft B - open sets are Ug, ® in soft ditopology (Ug, T, k), we have that it is
soft B - compact.

(2) Let 7 = {Ugp, ®} and k = {®,Ug, {(e1, {u1,u2}), (e2, {us})}, then the soft ditopology
(Ug, 7, k) is soft B - cocompact but not soft 5 - compact.

This example show that in general soft 5 - compact and soft B - cocompact are independent.

Definition 16. Let Q1 = (11,K1) and Q2 = (72, K2) are two soft ditopological spaces on
Ug.Then Qg is called coarser than Qy (denoted by Qo C Qy if f € 71 whenever f € 7o and
h € k1 whenever f € ko.

Theorem 3. If((NJE, Q) and (UE, Q9) are two soft ditopological spaces. Then (UE, 21N Qo)
s a soft ditopological space.
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Proof: Since Q1 = (11, k1) and Qg = (9, k) are two a soft ditopological space on Ug then
(Ug,m1) and (Ug, ) are two soft topological space = (Ug, (11012)) is a soft topological
space (1). Also, (Ug, k1) and (Ug, ko) are two a soft cotopological space = (Ug, (k10k2))
is a soft ctopological space (2). From (1) and (2), we get (Ug, ) and (Ug, Q) are two
soft ditopological spaces.

3. Soft § - continuous mappings

Definition 17. Let (QE, Q1) and (Vg, Q2) be two soft ditopological spaces. A soft function
(%) : (Ug, ) — (Vg,Q2) where v : (Up, 1) = (VE,,m2) and ¢ : (Ug, k1) — (VE, k2)
then, a mapping (p,v) is called continuous function at a soft point x, € Ug if ¢ :
(fJE,Tl) — (VE,TQ) is continuous function at x,, and 1 : ((?E, K1) — (VE, K2) is continuous
function at x,.

Definition 18. A soft function T' = (¢,) : (Ug, Q1) — (Vi, Q2) is soft continuous if and
only if the inverse image of soft open in 9 is soft open in 1.

Definition 19. The soft function (¢,1) : (Ug, 11, k1) — (Ug, T2, ko) is called :

(1) Soft B - continuous if o~ (f) € SBO(Ug) V f € .

(2) Soft B - cocontinuous if ' (h) € SBC(Ug) ¥ h € k.

(8) Soft B - bicontinuous if it is both soft 5 - continuous and soft B - cocontinuous.
(4) Soft semi - continuous if o~ (f) € SSO(Ug) Y f € 1.

(5) Soft semi - cocontinuous if p~'(h) € SSC(Ug) V h € ka.

(6) Soft semi - bicontinuous if it semi - continuous and semi - cocontinuous.

Example 5. Let (IQ'E, 04), (f]E~7 Q2) be two soft ditopiogical spaces, such that U = {uy,uz, us},
E={e,e2}, 0 (Ug,m1) = (Ug,12) and ¥ : (Ug, k1) = (Ug, k2), 1 = {®, Up, {(e1, {u1}),
(627 {ul})}7 5

{(617 {u2})’ (62’ {UQ})}v {(61’ {ula u2})’ (62’ {ulv UQ})}7 K1 = {(I)’ UE7 {(617 {ul})7

(e2, {ue)}, {(er, {ur}),

(627 {UQ})}}’ and g = {(I)’ Uk, {(617 {ul})v (627 {ul})}7 {(617 {u17 UQ})v (627 {ul’ UQ})}J

kg = {®,Ug, {(e1, {uz}), (e2, {ua})}}, if we defined the mapping as p(u1) = u1, p(uz) =
us, p(ug) = ug and Y(uy) = uy,Y(u2) = us, Y(uz) = ug, then ¢ is a soft f - continuous
and 1 is a soft B - cocontinuous, Consequently € is a soft 8 - bicontinuous.

Definition 20. A soft function I = (¢,1) : (Ug, 11, k1) — (Ug, T, ko) is called :

(1) Soft B - irresolute if 0 U(f) is sBo(Ug) Vf is sBo(Ug) and =1 (f) is sBe(Ug) Vf is
spe(Ug).

(2) Strongly soft 3 - irresolute if o~ (f) is sso(Ug) Yf is sfo(Ug) and v (f) is ssc(Ug)
Vf is sBce(Ug).

Proposition 6. Let a soft function T’y : (0E,T1, K1) — QVE,TQ,@) and 'y : (VE,Tg,mg) —
(Wg, 13, k3) are both soft 8 irresolute. Then 'y oTs: (Ug,T1,k1) = (Wg, T3, k3) is soft B
irresolute.
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Definition 21. Let a soft function (o,v) : (Ug, 11, k1) = (Ug, T2, K2), then:

(1) ¢ is called soft B - open if the image of each soft B open in 11 is soft B - open in To.
(2) ¢ is called soft 5 - closed if the image of each soft B - closed in Ky is soft § - closed
m Ka.

4. Conclusion

In recent decades, many applications of topology have merged in different fields. There-
fore we have had to expand the topological space in many ways as a result of its contri-
bution to solving some issues. So, in this paper, we generalized some of the concepts via
soft ditopology, and some properties are obtained.
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