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Abstract

In this work , I introduce the concept of soft bitopological space on a soft set and some definitions on soft pre-

open set on soft bitopological space . Also introduce soft pre separation axioms , Spre-T_ , Spre-T, and Spre-

T, , with study some properties in soft bitopological space.
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1. Introduction

Many classical methods have been used to solve some complicated problems in engineering economics and
environment. For instance, the interval mathematics, theory of fuzzy, theory of probability, and sets which can
consider as mathematical tools for dealing with uncertainties since all these theories have their own problems
and difficulties. In [2], the author in 1999 introduced the notion of soft set, which is free of difficulties in solving
aforementioned problems, and it has been applied over many different fields. In 2011, Naim Cagman and his
colleagues introduced a new concept of soft set called soft topology define by using the soft power set of soft set
, and this first idea to soft mathematical concepts and structures that are based on the operations of theoretic soft
set [6]. In 2011[7], the authors defined the concept of soft topology on the collection of soft sets over with
some basic notations of soft topological spaces. In [6], the notion of soft topology was more general than that in
[7]. Therefore, algebraists continue investigating the work of Cagman [6] and follow their notations and
mathematical formalism. In 2013 J. Subhashini and C. Sekar defined soft pre-open sets [4] by following
Cagman’s theory of soft topology. Therefore, this paper has introduced soft bitopological space relying on [6]
and defined the soft pre-open set of soft bitopological space. Also, | have discussed soft pre separation axioms ,

Spre-T, , Spre-T, and Spre-T, .
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2. Preliminaries

Through this section , I give and introduction some important definitions and facts about soft topology and

recall primary definition soft set that need in this work .

2.1. Definition [2]

The set of ordered pairs F,={(x,f,(x):x€E. f,(x)e P(U)} represents a soft set FA on the universe
U , where f,: A= PU) is mapping and fA is called an approximate function of the soft set F, . However ,

the set of all soft sets over U is denoted by S¢(U).
2.2. Definition [5]

Let FyeSg(U) . If £,(x)=¢ for all Xe A, then F, is called an empty set and denoted by F; .
Moreover , If f, =U forall Xe A, then F, is called an A-universal soft set and denoted by F; . But, If

A=E ,then A-universal soft set is called universal soft set and denoted by F .

2.3. Definition [5]

Let F,,Fy €S (U). 1f f(X) < fy(X) for all x , then , F, is a soft subset of Fy and denoted by
F,EF,

2.4. Definition [5]

Let F,,Fy € Sg(U). Then, the soft union is denoted by F, v F5 . however , the soft intersection is denoted

by F, ™ FgAlso , the soft difference of F, and F; is denoted by FAZFB , are defined by the approximate
functions  f,-;(x)=f ()0 f3(x) [z =F,(0)Nfa(x) [z (0)=f(0)A(x)
respectively, on the onther hand , the soft complement Ff of F, is defined by the approximate function

fe(X)= f2(x), where f;(X) is the complement of the set f,(X) ; thatis, f,(x)=U — f,(x) for all

X € A Itis easy to see that (FAE)6 =F, and F; =F; .
2.5. Proposition [5]
Let F,,Fy,F. €Sg(U). Then,

1-F,OF =F,,F,nF,=F, .
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2-F,OF,=F, F,AF,~F,.

3-F, QFE =F;:.F, (_:HFE =F, .

4F,OF; =F; F,AF,=F,

5-F, OF,=F, OF, F,AFy=F, AF, .

6-(F, O F,) =F; AF,,(F,AF,) =F, OF; .

1(F,OF,)OF.,=F,0(Fy OF.).(F,AFy) A F.=F,~(F; 7 F.).
8-F,U(F,NR)=(F,UR)N(F,OFR)&F, N(F,UFR.)=(F,nF,)O(F,nF.).

2.6. Definition [6]

Let F, € Sg(U). The soft power set of F, is defined by .P(F,) = {FA?. F, EF,ielc N}andits

ergu,{u)

cardinality is defined by | P(F,) |= 2 , where | f,(X) | is the cardinality of f,(X).
2.7. Definition [6]

Let F, € Sg (U). A soft topology on F,. denoted by T , is a collection of soft subsets of F, having the

following properties:
- F,F.et.
{F,CF.icelcNict= UE;FA,- et}.
. {F-% CF,.l<isnneNjct = ﬂ;lﬂj ET) -
2.8. Definition [6]
Let (FA, ?) be a soft space on F, . Every element of 7 is called a soft open sets .

2.9. Definition [6]

Let (F,,7) be a soft space on F, and F;,CF, . Then , the collection
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zTFB ={F, NF;: F e7,iel = N} is called a soft subspace topology on Fg. Hence, (FB,FFB) is

called a soft topological subspace of (F,,7) .
2.10. Definition [6]

Let (F,,7) be a soft space on F, and F; € F, . The soft interior of F , denoted F; , is defined as the

union of all soft open subsets of F;. Note that F; is the biggest soft open set that is contained by F .
2.11. Theorem [6]

Let (F,,7) beasoftspaceonF, and Fy,F. S F, . Then,

1(F) = F;

2-F, CF. .Then, F; C R

-FyAFR =(F,AFR)

4-F, OF c (R, OR.)

2.12. Definition [6]

Let (F,,7) beasoftspace on F, and Fy; C F, . Then, the soft closure of F , denoted Fg is defined as the

soft intersection of all soft closed superset of F. Note that F s is the smallest soft closed set that containing

Fs.

2.13. Theorem [6]

Let (F,,7) beasoftspaceonF, and Fy, F. S F, . Then,
1- (?B) =Fs .
2(Fe)" = (Fg) .

3-F;cFe .Then, Fs & Fe .
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“Fy,AF,)EFsAFc

5F5 OFc=(F; OF,) -
2.14. Theorem [6]

Let (F,,7) beasoftspaceonF, and Fy & F, Then Fy & F, & F, .
2.15. Definition

Let (F,,7;) and (F,,7,) be the two different soft topologies on F,. Then (F,,7,,7,) is called a soft

bitopological space .

2.16. Example

et U={u,u,,u,u} , E={w,w,,w} , A={w,w,} such that ACE and

Fy = {0w, {n.253). (W {us. 0, 1)} then

F, ={(w.{u})}

Fy, ={(w;,{u,})}

Fy = (0. ft.10))}

Fa, ={(w,.{u})}

Fp, ={(w,.{uN}

Fy, ={(w;.{us,u, )}

Fu, =L {u ), (wy. {u. 1)}

Fy ={w.{u3), (W, {u, )}
F, = {(w ), (wy, {uz 1,3 )}

9

Fa, = 1w {u3), (W, {u;1)}
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Fo, = LW, {u1), (W, {u )}

FAlZ = {(Wl’{UZ})’ (WZ ’{u3' u4})}
FAB = {(wp {upuy ) ). (wy {us ) )}

|:Al4 ={(w,,{u,,u,}), (w,,{u, P}

FA15 =F4
Fug = F

Then 7, ={F,,F,} and 7, ={F,,F,, F,, Fy,} are a soft topology of F, then (F,,7,,7,) . is a soft

bitopological space .

2.17. Definition

Let (F,,7,,7,) be a soft bitopological space over F, and F;CF, . Then
7,Fy ={F, NF;: Fy er,iel cN}and 7,F; ={F, NF;: Fy e7,,1 el < N} are said to be the

relative topologies on F5 . Then (Fy,7;F5,7,F5) is called a relative soft bitopological space of (F,,7;,7,)
2.18. Theorem

If (F,,7;,7,) isasoft bitopological space then 7, M 7, is a soft topological space over F,.

Proof :-

-F,.F.et,n7,.

« Let {F, ,i € I} be a family of soft sets in 7; N7, = Fy €17, and Fy ez, forall iel . Therefore

UieIF/’i €7, and Uielei €7,.Thus Uielei ez’iﬁfz )

s let Foernn,l<i<sn',neN . Then Foe7r and F e7l<i<n’'.n'eN . Since

i i

n’ ~ n' ~ n' ~ ~ ~ . o
ﬂileAi €7, and ﬂile/N €7, . Therefore ﬂile/N erNr,,l<i<n,n"eN .

47



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2016) Volume 26, No 4, pp 42-53

2.19. Remark
If (F,,7,,7,) isasoft bitopological space then 7, U T, is not a soft topological space over F,.
2.20. Example

Let us consider 2.16 and let 7, :{F¢,FA,FA1} and 7, :{F¢,FA,FA2} are soft topology of F, then

(Fu,7,7,) is soft bitopological space . Now le?ZZ{F¢,FA,FAl,FA2} . If take Fy L F,

Fy O Fu, = {0 {ud), () {u P} ¢ 7,07,. Thus 7, U7, is not soft topology on F,.

3. Some Definition of Soft Pre-open set in soft bitopological space

In this section introduce some definitions of soft pre-open set , soft pre-closed , soft pre-neighborhood , soft pre-

closure and soft pre-interior on soft bitopological space .

3.1. Definition

Let (F,,7,,7,) be soft bitopological space and let F; C F, , F; is called soft pre-open set with respect to

the two soft topological spaces 7, and 7, if Fy & (Fs)” .
3.2. Notes

1- The set of all soft pre-open set with respect to the two soft topologies is denoted by Pre( F,).

2- The relative soft bitopological space for F; with respect to Soft pre-open sets is the collection Pre

(FA)FB given by Pre(FA)FB ={F. "F; : F. e Pre(F,)}

3- Any ?2 -open soft set is not necessarily to be soft pre-open set .

4

Any soft pre-open set is not necessarily to be of ?1 -open (?2 -open ) soft set .
3.3. Example

Let us consider example 2.20 , (F,,7,,7,) is soft bitopological space . Take FAliFA then

FA1 - (EAl) = FAl is soft per-open set with respect to the two soft topological spaces ;1 and ?2 .

3.4. Remarks

1- The intersection of any soft pre-open sets is not necessary a soft pre-open set
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2- The union of any soft pre-open sets is soft pre-open set with respect to soft bitopological space .

The example to part (1) is simply . The following proof explain the part (2) of the remark 3.4 . Let F; and
F. be a two soft pre-open sets with respect to soft bitopological space (FA,fl,i:z) cie Ry - (EB)° and
Fe c (Ec) with respect to the two soft topological spaces ?1 and
7,=>F O F. (EB)O O (Ec) - (EB C)Ec) . Since Fz O Fc= (F3 O FL) then

Fs OF, S (F; OF.) with respect to the two soft topological spaces 7; and 7, .
3.5. Definition

Let (F,,7,,7,) is soft bitopological space and let F; C F, , F; is called soft pre-closed set of F, if and

only if FB6 is soft pre-open set of F, .
3.6. Definition

Let (F,,7;,7,) is soft bitopological space and @ € F, , Fy € F, is said to be soft pre-neighborhood of a
point ¢ if there is a soft pre-open set . such that o € F - Fg . The set of all soft pre-neighborhoods of a

point & is denoted by Spre-0 (&) .
3.7. Definition

Let (F,,7,,7,) is soft bitopological space , and Fy € F, . A point @ € F, is said to be soft pre-interior
point of F5 with respect to the two soft topological spaces ;1 and fz if there is a soft pre-open F such that
aek. c F5 . The set of all soft pre-interior points of F5 with respect to the two soft topological spaces z':1

and 7, denoted by Spre-int( F).
3.8. Definition

Let (FA,fl,?z) is soft bitopological space . A point ¢ is called soft pre-limit point of soft subset F; of F,
with respect to the two soft topological spaces ‘?1 and %'2 if and only if for each a soft pre-open set F.
containing another point different from & in Fy , that is (F./{a}) N F, # ¢ . The set of all soft pre-limit

points of F; be denoted by Spre-Im( F;).

3.9. Definition
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Let (F,,7,,7,) is soft bitopological space , and Fy € F, , the intersection of all soft pre-closed sets

containing F is called soft pre-closure of F; , and is denoted by Spre-cl( Fy).

In the year 2014 J. Subhashinin and Dr. C.Sekar [3] by depending on the [6] and [4] introduces soft pre
separation axioms , soft P T -space and some of its properties in the soft topological spaces . Now begin to

important section to discuss soft pre separation axioms and some result .

4. The Separation Axioms in Soft Bitopological Space

In section four , | introduce some soft pre separation axioms , Spre-T_, Spre-T, and Spre- T, and illustrate

transmission this Properties to The relative soft bitopological space with some result of soft pre separation

axioms .

4.1. Definition

Let (F,,7,,7,) is soft bitopological space , then (F,,7,,7,) is called Spre-T, space if and only if for all
pair of soft point &, &, € F, such that o, # &, , there exists soft pre-open set F; containing ¢; but not

a, or soft pre-open set F. containing o, butnot ¢ .
4.2. Theorem

A soft bitopological space (FA, ;11 ?2) is Spre- T, space if and only if for each distinct soft points ¢, @, in

F, ., Spre-ci({er,}) # Spre-cl({e,}) .
Proof :-

Let o, ax, € F, suchthat o # @, and Spre-cl({e,}) # Spre-cl({a,}) .

Then there exists at least one soft point &, in F, such that , o, € Spre-cl({e,}) but a; & Spre-cl({,}) .
Suppose a; € Spre-cl({e,}) , to show that &, & Spre-cl({e,}) . If &, € Spre-cl({,}) , then {&, } < Spre-
cl({a,}) . So Spre-cl({c,}) C Spre-cl(Spre-cl({et, }))=Spre-cl({e,}) , hence &, € Spre-cl({e,}) , then
a, € Spre-cl({e,}) which is contradiction . Hence «; & Spre-cl({e,}) , consequently & € F, -Spre-cl(
{a,}) but Spre-cl({e, }) is soft pre-closed , so F,-Spre-cl({e,}) is soft pre-open which contains ¢, but not

a, . Itfollows that (F,,7;,7,) is Spre-T, space .

Conversely , since (F,,7;,7,) is Spre- T, space, then for each tow distinct soft points ¢, @, € F, there

o
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exists soft pre-open set F; such that o, € Fy , a, ¢ | . F, — F is soft closed set which does not contain
a, but contains «, , by definition (3.9) Spre—cl({az}) is the soft intersection of all soft pre-closed which
contain {&,} . Thus , Spre-cl({a,})C F, — F; then o, & F, — F .This implies that ¢ & Spre-cl({e,}) .

So we have ¢ € Spre-cl({e,}), & & Spre-cl({e,}) . Therefore Spre-cl({e,}) # Spre-cl({a,})
4.3. Theorem

Every soft subspace of Spre- T space is Spre- T, space .

Proof :-

Let (Fg,7,F5,7,F;) be a soft sub space of Spre-T, space (F,,7;,7,) . To prove that the soft sub space is
Spre-T, space , let f3,, 3, € F5 suchthat 3, # 3, . Since Fy C F, then B, # 8, € F, and (F,,7,,7,) is
Spre-T, space , then there is a soft pre-open set F. in F, ,suchthat B, e F., 3, ¢ F. .So F. N F, issoft

pre-opensetin Fy and B, € F. NF; and B, ¢ F. N F, . Hence (F;,7,F;,7,F;) is Spre-T, space .
4.4. Definition

Let (F,,7;,7,) is soft bitopological space , then (F,,7;,7,) is called Spre-T, space if and only if for all pair
of soft point ¢, &, € F, , there are two soft pre-open sets Fg, F. such that F; contains ¢ but not ¢, and

F. contains o, butnot ¢ .

4.5. Theorem

Every soft subspace of Spre- T, space is Spre-T, space .
Proof :-

Let (Fg,7,F5,7,F;) be a soft sub space of Spre-T, space (F,,7;,7,) . To prove that the soft sub space is
Spre-T, space , let 3, 3, € Fy such that B, # f3, . Since Fy C F, then 3, # 3, € F, and (F,,7,,7,) is

Spre- T, space , then there exists two soft pre-open set F. , F in F, , such that 3, € F. but S, ¢ F. and

p,eFybut fieky .

Then we obtain two soft set FCl =F.NF,, FDl =F, "F, are soft pre-open sets in F, , we have

preFe but B, Fc;p,€Fy but B €y . Hence (Fs,7,Fg,7,F;) is Spre-T, space .
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4.6. Theorem

If Every singleton soft subset of soft bitopological space (F,,7;,7,) is soft pre-closed , then (F,,7,,7,) is

Spre- T, space .
Proof :-This is clearly seen .

4.7. Theorem

A soft bitopological space (F,,7;,7,) is a Spre-T, space if and only if Spre-cl ({a}) = ¢ , for each @ € F,,

Proof :-This is clearly by using prove contradiction .

4.8. Definition

Let (F,,7,,7,) is soft bitopological space , then (F,,7;,7,) is called Spre-T, space (Spre-Hausdorf) if and
only if for each pair of distinct soft point &, cx, € F, , there exists two soft pre-open sets F5, F. in F, such

that o, € Fy,a, e Fo and Fy, A, = ¢ .

4.9. Theorem

Each soft subspace of Spre- T, space is Spre- T, space .
Proof :-

Let (Fg,7,Fg,7,F) be a soft sub space of Spre-T, space (F,,7,,7,) and let F; # ¢ be a soft subset of
F, and o #a, € Fy then o, a0, € F, | since (F,,7,,7,) is Spre-T, space ,there exists two soft pre-
open sets F, F. in F, such that o, € Fy,a, € F. and Fy "F. =¢ . So Fy Ny, F. N, are soft
pre-open sets in Fy and a,eFyNFy,a, e F. MR ; and

(Fo RN (FeNR)=(FonF)NF; =¢ . Hence (F5,7,Fy,7,F;) isaSpre-T, space.
4.10. Theorem
Each singleton soft subset of Spre- T, space is a soft pre-closed .

Proof :-This is clearly seen .
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5. Conclusion

In the conclusion of a work paper , many of the basic concepts on soft bitopological space , introduced soft
bitopology . Furthermore , introduced relative soft bitopological space , soft pre-open set and some definitions
on bitopology by soft pre-open set as (soft pre-closed , soft pre-neighborhood , soft pre-interior ,soft pre-limit
point and soft pre-closure) these definitions using in other sections from the work and introduce some soft pre
separation axioms and studied Properties on soft bitopological space with some important results, one could

study the soft ideal bitopology and get some important results too .
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