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INTRODUCTION

Soft set theory is one of the recent topics gaining significance in finding
rational and logical solutions to various real life problems which involve uncertainty,
impreciseness and vagueness. In 1999, Molodstov initiated a novel concept of soft set
theory, which is completely a new approach for modeling vagueness and uncertainty.

“Given an initial universe U and a set of parameters E, a pair (F, A) is called a
Soft set over U if F is a mapping given by F: A— P(U) where A € E and P(U) is the
power set of U .

The topological structures of set theories dealing with uncertainties were first
studied by Chang in 1968.

Shabir and Naz (2011) introduced the notion of Soft Topology (Definition1.15)
which is defined over an initial universe with a fixed set of parameters. They studied
some basic concepts of Soft topological spaces and also some related concepts such as

soft interior, soft closure, soft subspace and soft separation axioms.

In 1963, Kelly, first initiated the concept of bitopological space. He defined a
bitopological space (X, 7, ,7, ) to be a set X equipped with two topologies. Also he

studied 7, and 7, on X and initiated the systematic study of bitopological space.

Ittangi (2014) introduced the notion of soft bitopological space which is
defined over an initial universal set with fixed set of parameters . Also he introduced

some types of soft separation axioms.

Separation axioms play an important role in topology. Many mathematicians
threw light on soft separation axioms in Soft topological spaces with respect to soft
open set, soft b-open set, soft semi-open set, soft a-open set, soft pre-open set, soft B-

open set, etc.
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The main aim of this thesis is to study different soft seperation axioms in soft
bitopological spaces. The plan of study is as follows:

Soft Seperation Axioms in soft Bitopological Spaces

Soft b- Seperation Axioms in soft Bitopological Spaces
Soft aW- Hausdorff axiom in soft Bitopological Spaces
Soft BW- Hausdorff axiom in soft Bitopological Spaces
Soft Pre-W-Hausdorff axiom in Soft Bitopological Spaces.

Soft gW- Hausdorff axiom in soft Bitopological Spaces.

Preliminary definitions and properties regarding soft sets, soft topological
spaces and soft bitopological spaces are collected in the chapter I.

Chapter Il is denoted to the study of separation axioms in soft bitopological
spaces . Here pairwise soft To , pairwise soft T, pairwise soft T> spaces are introduced
by Ittangi are studied with their basic properties. Important results proved here are
given in theorems 2.2, 2.3, 2.4, 2.5, 2.8 and 2.9.

Chapter 111 deals with soft b-separation axioms in soft bitopological Spaces. A
new class of separatiom axioms called (1, 2)* - soft b- separation axioms introduced
by Revathy et-al is studied. These separation axioms are introduced using (1,2)* - soft
b-open set .Also the properties of (1,2)* -soft bT; —spaces (i=0,1,2) under the bijection
and irresolute open soft mapping are analysed. Further it is shown that the properties

of (1,2)*- soft bT;- spaces(i=0,1,2) are hereditary properties .

In chapter IV Soft aW - Hausdorff axiom is introduced both in soft
topological spaces and in soft bi — topological spaces .In the first section of this
chapter , soft aW-Hausdorff axiom in soft topological spaces is introduced in two
different ways by referring the definition of fuzzy Hausdorffness introduced by
Warren(1978) and it is extended to soft bitopological spaces and studied in the second
section of this chapter. Here it is proved that each of the four different Hausdorff

axioms is hereditary and productive.



The concept of BW- Hausdorff axiom is introduced both in soft topological
spaces and soft bitopological spaces in chapter V. Main results proved regarding this
axiom is given in theorems 5.1.2 ,5.1.3, 5.1.5, 5.1.6 and 5.1.9.

Chapter VI deals with soft Pre W — Hausdorff axiom .The first section of this
chapter soft Pre W- Hausdorff axiom introduced by Khattak —et-al is studied .Here this
axiom is introduced using soft pre-open sets. Soft pre W- Hausdorff axiom in soft
bitopological spaces is introduced in this study and the definition and results are
presented in the second section of this chapter. Here also it is proved that each of the
four different Hausdorff axioms is hereditary and productive.

Chapter VIl deals with the introduction and analysis of another new
Hausdorff axiom called gw-Hausdorffness both in soft topological spaces and in soft
bitopological spaces. This concept is introduced in different ways using generalized
open sets .Soft gwW- Hausdorffness in soft topological spaces is studied in the first
section and in soft bitopological spaces in the second section of this chapter. Here

also it is proved that all the different type of this axiom is hereditary and productive.

It is worth mentioning that the author of this thesis published two articles related

to Soft gW — Hausdorff axiom in soft topological Spaces

(1) “gW- Hausdorffness in soft topological Spaces”, International Journal of
Mathematics Trends and Technology, Vol. 65, No. 6, (2019), pp. 92-97.

(2) “ gW — Hausdorffness in soft bitopological spaces ”, International Journal of
Research and Analytical Reviews , Vol -6, No.2, (2019) ,pp.500-506 .



REVIEW OF LITERATURE

Uncertain or imprecise data are inherent and pervasive in many important
applications in the areas such as Economics, Engineering, Environment, Social
Science, Medical Science and Business Management. There have been a great amount
of research and applications in the literature concerning some special tools like
probability theory, fuzzy set theory, intuitionistic fuzzy set theory, soft set theory,
rough set theory, vague set theory and interval mathematics for modeling uncertain
data.

Initially, fuzzy set theory was proposed by Zadeh (1965) as a mean of
representing mathematically imprecise or vague system of informations in the real

world.

In 1999, Russian researcher Molodtsov initiated a novel concept of soft set

theory, which is completely a new approach for modeling vagueness and uncertainties.

Maji et al. (2002) gave first practical application of soft sets in decision
making problems. Pei and Miao (2005) investigated the relationship between soft sets

and information systems.

Shabir and Naz (2011) introduced the notion of Soft topological spaces which
are defined over an initial universe with a fixed set of parameters. They studied some
basic concepts of Soft topological spaces and also some related concepts such as soft

interior, soft closure, soft subspace and soft separation axioms.

In 1963, Kelly ,first initiated the concept of bitopological space. He defined a
bitopological space (X, 7, ,7, ) to be a set X equipped with two topologies. Also he

studied 7, and 7, on X and initiated the systematic study of bitopological space.

Ittangi (2014) introduced the notion of soft bitopological space which defined
over an initial universal set with fixed set of parameters. Also he introduced some

types of soft separation axioms.
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Separation axioms play an important role in topology. Many mathematicians
contributed a lot towards Separation axioms in Topology, Fuzzy Topology, Soft
Topology, Fuzzy soft Topology and Bitopology.

Following are some of the articles published on different separation axioms:

“W-Hausdorffness in Soft Bitopological Spaces”, Sasikala, D., Vijayalakshmi, V.M.
and Kalaichelvi, A., 2017 [34].

“Soft separation axioms in Soft topological spaces”, Hussain, S. and Ahmad, B., 2015
[18].

“On Soft Preopen sets and Soft Pre Separation Axioms”, Akdag, M. and Ozkan, A.,
2014 [3].

“Characterizations of b-Soft Separation Axioms in Soft Topological Spaces”, El-
Sheikh, S.A., Hosny, R.A. and Abd El-latif, A.M., 2015 [15].

“On soft separation axioms via f-open soft sets”, Abd El-latif, A.M. and Hosny, R.A.,
2015 [1].

“Characterization of Soft a- Separation axioms and Soft B- Separation Axioms in Soft
single point spaces and in Soft ordinary spaces”, Arif Mehmood Khattak., Gulzar Ali
Khan., Muhammad Ishfaq and Fahad Jamal., 2017 [6].

“Soft semi separation axioms and some types of soft functions”, Kandil, A., Tantawy,
O.AE., EI-Sheikh, S.A. and Abd El-latif, A.M., 2014 [23].

“Soft Generalized Separation Axioms in Soft Generalized Topological Spaces”,
Jyothis Thomas and Sunil Jacob John., 2015 [21].

“Soft W-Hausdorff Spaces”, Sruthi, P., Vijayalakshmi, V.M. and Kalaichelvi, A.,
2017 [36].

“On Soft Hausdorff Spaces”, Banu Pazar Varol and Halis Aygun., 2013 [11].
“Separation axioms on soft topological spaces”, Tantawy, O., EI-Sheikh, S.A. and
Hamde, S., 2015 [41].

“Soft Hausdorff spaces and their some properties”, Izzettin Demirand Oya Bedre
Ozbakir., 2014 [19].

“Soft B-Hausdorff and Soft p-Regular Spaces via Soft ideals”, Brindha Devi, S.,
Inthumathi, V. and Chitra, V., 2016 [12].
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“Soft BW- Hausdorff space in Soft Bi Topological spaces”, Muhammad Ishfaq., Arif
Mehmood Khattak., Gulzar Ali Khan., Zaheer Anjum., Zia Ullah., Rashid Ullah And
Fahad Jamal., 2018 [29].

“Soft B- Hausdorff spaces via soft B-open sets”, Subhashini, J., Sumithra Devi, J. and
Sekar, C., 2015 [37].

“Pairwise open (closed)soft sets in soft Bitopology spaces”A.Kandil,
O.A.E.Tantaway , EL — Sheikh , Shawqi A .Hazza ,2015[24].

“Some Contribution of soft pre — open sets to soft W- Hausdorff space in soft
topological spaces” Arif Mehmood Khattak, Ishaq Ahmed, ZaheerAnjum ,Muhammad
Zamir , Fahad Jamal ,2018 [8].

“Soft Bitoplogical Spaces” , Basavaraj , M.Ittangi ,2014 [10].

“Generalized seperation axioms in bitopological spaces”,0.A.El-Tantaway and
H.M.Abu — Donia ,2005 [ 40].

“Seperation axioms in bi- soft topological spaces”,Munazza Naz ,Muhammad Shabir
and Muhammad Irfan Ali,2015 [30].

“Seperation axioms in bitopological spaces”, S.Selvanayaki and N.Rajesh, 2011 [38].
“New Seperation Axioms in soft bitopological Space” N.Revathi and K. Bageerathi ,
2017 [32].

In this Review of Literature a brief survey of some of the articles published on

soft sets, Soft topological spaces and Separation axioms in Soft topological spaces are given.

1.

“Soft set theory — First results”
Molodstov, D. (1999)

The soft set theory offers a general mathematical tool for dealing objects. The
basic notions of the theory of soft sets are introduced, the first results of the theory are

presented and some problems of the future are discussed.

“From soft sets to information system”
Daowu Pei and Duogian Miao (2005)
This paper discusses the relationship between soft sets and information

systems. It is showed that soft sets are a class of special information systems. After



soft sets are extended to several classes of general cases, the more general results also
show that partition- type soft sets and information systems have the same formal
structures and that fuzzy soft sets and fuzzy information systems are equivalent.

“Generalized Seperation Axioms in bitopological Spaces”
O .A. El-Tantway and H .M. Abu- Donia(2005)
In this paper we introduce some classes of sets in a bitopological Space

(X, t1,1,).We show that some of these classes are infra topologies and some are supra

topologies . Also ,We use these classes to introduce new bitopological properties and
new types of continuous function between bitopological spaces. We prove that some
of the introduced bitopological separation properties are preserved under some types

of continuous functions.

“On some structures of Soft topology”
Ahmad,B. and Hussain, S. (2012)

In this paper, soft exterior is defined and its basic properties are studied.
Several important results relating soft interior, soft exterior, soft closure and soft
boundary in soft topological spaces are established.

“On soft topological spaces”
Shabir, M., and Naz, M. (2011)

In this paper, it is shown that a soft topological space gives a parameterized
family of topological spaces. Furthermore, with the help of an example it is
established that the converse does not hold. The soft subspace of a soft topological
space are defined and inherent concepts as well as the characterization of soft open
and soft closed sets in soft subspaces are investigated. Finally, soft Ti-spaces and
notions of soft normal and soft regular spaces are discussed. A sufficient condition for

a soft topological space to be a soft T1-space is also presented.
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“Seperation Axioms in Bitopological Spaces”
S.Sevanayaki and N.Rajesh (2011).

In this paper ,We introduced a new type of separation axiom in bitopological spaces
called quasi T12 space in terms of the concept of quasi open sets and quasi kernel and
investigate some of their fundamental properties . Also we introduced and studied
some new notions in bitopological Spaces by utilizing quasi open sets.

“On soft Hausdorff spaces”
Banu Pazar Varol and Halis Aygun (2012)

The aim of this paper is to study some properties of soft Hausdorff space
introduced by Shabir and Naz. Firstly, they give a representation of soft sets and soft
topological spaces. Secondly, they introduce some new concepts in soft topological
space such as convergence of sequence, homeomorphism and investigate the relation

between these concepts and Hausdorff axioms in soft topological space.

“On soft topological space via semiopen and semiclosed soft sets”
Mahanta, J. and Das, P.K. (2012)

This paper introduces semiopen and semiclosed soft sets in soft topological
spaces. The notions of interior and closure are generalized using these sets. A detail
study is carried out on properties of semiopen, semiclosed soft sets, semi interior and
semiclosure of a soft set in a soft topological space. Various forms of soft functions,
like semicontinuous, irresolute, semiopen soft functions are introduced and
characterized. Further soft semicompactness, soft semiconnectedness and soft

semiseparation axioms are imtroduced and studied.

“Soft Generalized Closed sets in Soft topological spaces”
Kannan, K. (2012)

In this paper, it is shown that the Soft Generalized closed sets in soft
topological spaces which are defined over an initial universe with a fixed set of
parameters. A sufficient condition for a soft g-closed set to be a soft closed set is also

introduced. Moreover, the union and intersection of two soft g-closed sets are
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discussed. Finally, the new soft separation axiom, namely soft Ti» — space is
introduced and its basic properties are investigated.

“On Soft Preopen Sets in Soft Topological Spaces”
Gnanambal llango and Mrudula Ravindran (2013)
In this paper, they introduced a soft topology via soft preopen sets. Also they
state and prove the condition for collection of soft preopen sets to be a soft topology.

“On soft semi-open sets and soft semi-topology”

Sai, B.V.S.T. and Srinivasa Kumar, V. (2013)
In this paper, some interesting properties of soft semiopen sets are studied. Soft
semitopology on the collection of all soft semiopen sets over a fixed universe set is

introduced.

“Soft Hausdorff spaces and their some properties”
Izzettin Demir and Oya Bedre Ozbakir (2014)

In this paper they have contributed to the progress of the Soft topological
strucures. They introduced Soft Hausdorff spaces using the definitions of soft points
and investigated some of their properties. They have given some new concepts such as
cluster soft point, soft point, soft net and have supported them with examples. Then by
using these concepts, they have obtained some properties with respect to soft

Hausdorff spaces which are important for further research on soft topology.

“Soft B- Hausdorff spaces Via soft 3-open sets”
Subhashini, J., Sumithra Devi, J. and Sekar, C. (2015)

In this paper they introduced soft B- Hausdorff spaces in soft topological
spaces via soft B-open sets. The notions of interior and closure are generalized using

these sets. A detail study is carried out on the soft - Hausdorff spaces.
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“Separation axioms on soft topological spaces”
Tantawy, O., EI-Sheikh, S.A. and Hamde, S. (2015)

In this paper they introduced the separation axioms soft T; (i=0,1,2,3,4,5) by
using the concept of soft points and have studied some of their properties. They
observed that in a soft Ti-space, the soft point xe may be not closed soft set, so there
are spaces which are soft Ty but not Soft Ti1 (i=3,4,5). In order to overcome this
problem they have presented the necessary condition for a soft space to be soft Ti-
space. Finally they have discussed the hereditary and some soft topological properties

for such spaces.

“Characterizations of b-soft separation Axioms in Soft Topological Spaces”
S.A.El - Sheikh , Rodyna A. Hosny and A. M.Abd El- latif (2015)

Many scientists have studied and improved the soft set theory, which is initiated
by Molodtsov and easily applied to many problems having uncertainties from social
life. The main purpose of our paper, is to introduce new soft separation axioms based
on the b-open soft sets which are more general than of the open soft sets. We show
that, the properties of soft b-Ti-spaces (i =1,2) are soft topological properties under the
bijection and irresolute open soft mapping. Also, the property of being soft b-regular
and soft b-normal are soft topological properties under bijection, irresolute soft and
irresolute open soft functions. Further, we show that the properties of being soft b-Ti-

spaces (i = 1,2,3,4) are hereditary properties.

“Soft B- Hausdorff and Soft B- Regular Spaces via Soft ideals”
Brindha devi, S., Inthumathi, V. and Chitra, V. (2016)

In this paper they introduced the notions of soft B-1-Hausdorff spaces which is
weaker than soft semi-I-Hausdorff spaces. Also they established the relationships
between the existing spaces. Further they define soft B-I-regular spaces and investigate

some of their properties.
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18.

“New Seperation Axioms in soft bitopolgical space”
N. Revathi and K. Bageerathi (2017).

The Present Paper introduces a new class of separation axioms called (1,2)* - soft
b-separation axioms using (1,2)*-soft b-open set .Also the properties of (1,2)*- soft
bTi—spaces (i=0,1,2) are soft bitopological properties under the bijection and irresolute
open soft mapping .Further ,\We show that the properties of (1,2)* - soft bT; — spaces
(i=0,1,2) are hereditary properties.

“Soft BW-Hausdorff space in soft bitopological spaces”
Muhammed Ishfaq, Arif mehmood khattak, Gulzar Ali khan, Zaheer Anjum ,
Zia ullah, Rashid ullah, Fahad jamal (2018) .

In this article the concept of soft SW-T> structure in soft bitopological spaces is
introduced in different ways . Fleix Hausdorff was a German Mathematician Who is
supported to be the forefather of up -to-the —minute Topology .There are many
topological Structures in soft topology but Hausdorff topological structure is

interesting and more practical ,that is way it catches our attention to the best.



CHAPTER- I

SOFT BITOPOLOGICAL SPACES

Definition 1.1.

Let X be an initial universe and E be a set of parameters. Let P(X) denotes the
power set of X and A be a non empty subset of E. A pair (F, A) denoted by F, is

called a soft set over X, where F is a mapping given by F: A— P(X). In other words, a
soft set over X is parameterized family of subsets of the universe X. For a particular
e € A, F(e) may be considered the set of e-approximate elements of the soft set (F,A)
and if e € A, then F(e)=¢

i.e. Fa={F(e):ee AC E; FA-P(X)}

The family of all these soft sets over X with respect to the parameter set E is denoted
by SS (X)g.

Example 1.2.

Let X ={x;,x,}, E = {e;.eo F then X ={(e; . {x1.%2}),(e2,{x1.x, D}.The possible
soft sub-sets are Fg, ={(e; {3 1} Fe, ={(er {x. D} Fe, ={(er. {x0.x2 D} Fe, ={(e2.{x1
D} Fe,={(e2 {2 D} Fe, ={(e2 {x. %2 D} Fe, ={(er . {x 1. (e2 {0 D} Fe, ={(er . {x4
ez {x2 D} Fe, ={(er. {xa (e I D 3 e ={(e {0 Do(e2 I D} Fe, = {(en %
Dile {2 D} Fe, = {(er{x}) . (e2. {0 D} Fe = {(er{xix2 1) (2 {x D },
Fe, = {(es {x. 1), (&2 {x:}) }.Fe, = ¢, Fe = X.



Definition 1.3.
LetF,,Gg € SS(X)g.Then Fa is soft subset of Gg, denoted by Fa € Gg ,if
(1).AcB,and
(2). F(e) € G(e),ve € A.

In this case , F, is said to be a soft subset of Ggand G is said to be a soft superset of

Fr Gg ) Fa
Definition 1.4.

Two soft subsets F, and Ggover a common universe X are said to be soft

equal if F, is a soft subset of Ggzand Gy is a soft subset of F, .

Definition 1.5.

The complement of a soft set (F, A) denoted by (F,A)= (F,A),
F': A —P(X) is a mapping given by F'(e)= X- F(e); v e € Aand F'is called the soft
complement function of F. Clearly (F')" is same as F and ((F,A)")' = (F, A).

Definition 1.6.

A soft set (F, A) over X is said to be a null soft set denoted by ¢ or ¢, if for all
ee A, F(e)=¢ (null set).

Definition 1.7.

A Soft set (F,A) over X is said to be an absolute soft set denoted by A or Xa if
for all e € A, F(e)=X. Clearly we have X'A=¢,and ¢ =Xa.

Definition 1.8.

Let Fe € S(X) .We say that x,= (e ,{x}) is a soft point of Fg ,ife eE and x e F(e).



Definition 1.9.
The Soft point x, said to be belonging to the soft set Fe , denoted by x, € Fe.
Definition 1.10.

The union of two soft sets Fa and G5 over the common universe X is the soft

set Hc, where C=AuB and for alle C,

F(e),ec A-B
H(e)= G(e),eesB-A
F(e)uG(e),ec ANB

Definition 1.11.

The intersection of two soft sets Fa and G over the common universe X is

the soft set Hc ,where C= A nBand for alle €C, H(e) = F(e) n G(e).
Definition 1.12.

Let (X, t,E) be a soft topological spaces, (F,.E) €SS(X)g and Y be a non null
subset of X. Then the soft subset of X. Then the soft subset of (F, E) over Y denoted
by (R ,E) is defined as follows:

R =YNFe),vecE
In other words , (F, ,.E) = Y N (F,E).

Definition 1.13.

Let (X, <, E) be a soft topological spaces and Y be a non null subset of X and Y
be a non null subset of X. Then t,= { (Fy,E): (F.E) €« } is said to be the relative

soft topology on Y and (Y, ty,E) is called a soft subspace of (X, ,E).



1)
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Definition 1.14.

Let F, eSS(X)p and Ggz €SS(Y)k .The Cartesian product (Fy ® Gg) IS
defined by (Fp ® Gg) (e,k) = Fa(e)x Gg(k), v(e,k)e A x B. According to this

definition Fy ® Gy is a soft set over X x Y and its parameter set is E x K.

Definition 1.15.

Let T be the collection of soft sets over X with the fixed set of parameters A.

Then T is said to be a soft topology on X, if

¢, Xet
The union of any number of soft sets in « belongsto «,

The intersection of any two soft sets in< belongs to «.

Definition 1.16.
Let X be an initial universe and E be the non-empty set of parameters. Let
(X, ,,E) and(X, 1, ,E) be the two different soft topologies on X. Then (X, t;,15,E) is

called a soft bitopological space.

The two soft topologies (X, t; ,E) and (X, 1, ,E) are independently satisfy the axioms of
soft topology. the axioms of soft topology. The members of , are called t; soft open

sets and the complement of ©; soft open sets are called t; soft closed sets.

Similarly, The members of t, are called t, soft open sets and the complements of t,

soft open sets are called t, soft closed sets.
Example 1.17. Let X={hy h2,h3},E={e1,e2}and
11 ={ ¢ ,X,(F1,E),(F2,E),(Fs,E),(Fs,E),(Fs,E)}and

1, ={9,X,(G1,E),(G2,E),(G3,E),(G4,E),(Gs5,E),(Ge,E) ,(G7,E) },where
(F1,E),(F2,E),(Fs3,E),(F4,E),(Fs,E), (G1,E),(G2,E),(G3,E),(G4,E),(Gs,E),(Gs,E),(G7,E) are

soft sets over X, defined as follows



Fi(er) ={he}
Fa(e1) = {hz,hs}
Fs(ed) = {hy,h2}
Fa(ed) = {hy,h2}
Fs(e1) ={hz}
Gi(e1) = {hs,h2}
Go(er) = {h2}
Gs(er) = {hz,hs}
Ga(e1) ={h2}
Gs(e1) = {hy,h2}
Ge(e1) =X

Gr(e1) = {ha,hs}

Then (X, t1,1,,E), is a soft bitopological space.

Example 1.18 . Let X be an initial universe set and E be the non- empty set of

parameters. Soft indiscrete topology ;= {¢, X} and soft discrete topology <, is the

collection of all soft sets defined over X. Then (X, 1;,1,,E) is a soft bitopological

space.

Definition 1.19. Let (X, 1;,1,,E) be a soft bitopological space over X and Y be a non-
empty subset of X. Then t1y = {(YF, E) : (FE) € t;} and 12y = {(Y G, E) : (GE)
€ 1,7} are said to be relative topologies on Y . Then{ Y,t1y , T2y, E } is called a

relative soft bitopological space of (X, 1,1, ,E).

Theorem 1.20. Let (X, t;,15,E) is a soft bitopological space then t = 1y N 1, IS a

Fi(e2) = {hi}
Fa(e2) = {h, ho}
Fa(e2) = X

Fa(e2) ={ha, hs}
Fs(e2) ={hi, ho}
Gi(e2) ={ha, ho}
Go(e2) = { hy, hs}
Gs(ez) ={hi}
Ga(e2) ={ hs}
Gs(ez) = X
Ge(e2) = {hs, ho}

Gr(e2) ={hy, ha}

soft topological space over X.



Proof. 1). ¢, X belongto 1; Nt,= 1
2). Let{ (Fi,E):i1€ |} beafamily of soft setsin -; Nt,= 7.
Then{(Fi,E)e r,}and {(Fi,E) € =, )forallie I.

Therefore U (Fi,E) € r; and U (Fi |E) € 1,.

iel iel

Thus U (FE) €t N t1,=1.

iel

3). Let (FE) (GE) € 1y N 1,= 7.
Then (F,E) ,(G,E) € r; and (F,E) , (G,E) € 1,.
Since (F, E) N (G,E) € ryand (F, E) N (G, E) € 1,.
Therefore (F,E) N (G,E) € 1y N 1,= 7.
Thus 1, N 1, = tdefines a soft topology on X.

Remark 1.21. If (X, t;,1,,E) is a soft bitopological space then t; U t, is not a soft

topological space over X .

Example 1.22 . Let X = {hyhy,hs}, E = {e1,e> } and
1 ={ ¢ ,X,(F1,E),(F2,E),(F3,E),(F4,E)} and
12={$.X,(G1,E),(G2,E),(Gs,E),(G4,E),(Gs,E)}

Where (F1,E),(F2,E),(Fs,E),(F4,E), (G1,E),(G2,E),(G3,E),(G4,E),(Gs,E) are soft sets

over X, defined as follows
Fi(e1) ={hs, ho} Fi(e2) ={h2,hs}
Fa(e1) ={h2} Fa(e2) = ¢

Fs(e1) ={h2} Fs(ez) ={hs}



Fa(er) ={hs,ho} Fa(e2) ={hz}

Ga(er) ={hs,h2} Ga(ez) ={he, hs}

Go(er) = ¢ Go(e2) ={hz, hs}

Gs(er) ={h, ho} Gs(ez) ={hs}

Ga(er) =X Ga(e2) ={ha,hs}

Gs(e1) = ¢ Gs(e2) = {hs}

Then (X, =, , t,,E) is a soft bitopological space. Now define
=1 U 15 ={(F1,E),(F2,E),(F3,E),(Fs,E), (G1,E),(G2,E),(G3,E),(G4,E),(Gs,E) }.
It take (F2,E) U (G2 ,E) = (H ,E) , then

H(e1) = Fa(e1) UGz(er) = {h2} U ¢ = { h2} and

H(e2) = Fa(e2) U Ga(e2) = ¢ U{ hz,hs}={ hz,hs} but (HE) ¢ 7.

Thus 1 is not a soft topology on X.



CHAPTER -1l

SEPARATION AXIOMS IN SOFT BITOPOLOGICAL SPACES
Definiton 2.1. In a soft bitopological space (X, 13,1, ,E)

1) t,is said to be soft To space with respect to =, if for each distinct points
x ,y of X then there exists ar, soft open set Fa and a t, soft open set Ga such that

X € Faand y ¢ Faor y € Gaand x ¢ Ga.

Similarly t, is said to be soft To space with respect to =, if for each distinct points
X, y of X then there exist a t, soft open set Fa and a t;soft open set Ga such that
X € Faandy ¢ Faor y € Gaand x ¢ Ga.( X, 14, T, ,E) is said to be pairwise soft
To space if t, is soft To space with respect to t,and t, is soft To space with respect

to 1.

if) t,is said to be soft T1 space with respect to =, if for each distinct points
X, y of X then there exists a t,soft open set Fa and a t, soft open set Ga such that

X e Faandy ¢ Faand y € Gaand x ¢ Ga.

Similarly t, is said to be soft T1 space with respect to =, if for each distinct points x, y
of X then there exist a t, soft open set Fa and a t, soft open set Ga such that x € Fa
andy ¢ Fa andy €Ga and x ¢ Ga.( X, 14, T, ,E) Is said to be pairwise soft T:
space if t, is soft T1 space with respect to t,and t, is soft T1 space with respect to

.

iii) t,is said to be soft T> space with respect to t, if for each distinct points
X, y of X then there exists a t,s0ft open set Fa and a t, soft open set Ga such that

XeFa, Ve Gaand Fa N Ga=19¢.

Similarly T, is said to be soft T space with respect to t,if for each distinct points x, y

of X then there exist a t, soft open set Fa and a t; soft open set Ga such that X € Fa ,



y € Gaand Fa (1 Ga= ¢.(X,1,7, ,E) is said to be pairwise soft T, space if t, is

soft T2 space with respect to t,and t, is soft T, space with respect to t,.

Theorem 2.2. Let ( X, 1,,7,,E) be a soft bitopological space over X and Y be a non
-empty subset of X. If ( X, 1,,71,,E) is pairwise soft To space the (Y, 1y, T,y ,E) IS

pairwise soft To space .

Proof. Let ( X, 1y, 7,,E) be a soft bitopological space over X and x, y €Y such that
x =y If (X, 1,,71,,E) is pairwise soft To space, then there exist a t,soft open set Fa
and a t, soft open set Ga such that x € Fa andy ¢ Fa ory € Ga and x ¢ Ga. Now
x €Y and xeFa .Hence x €Y | Fa = YFawhere Fae t,Consider y ¢ Fa this means
that o € Etheny ¢ Y () F(a) for some a €E. Thereforey ¢ Y (NFa = (YF, E).

Therefore T,y is soft To space with respect to T, .

Similarly it can be prove that t,, is soft To space with respect to 1,y , thatisy € Ga
and x ¢ Gatheny € "Ga and x ¢ YGa . Thus (Y, 1y, T,y ,E) is pairwise soft

To space.

Theorem 2.3. Let ( X, t,,7,,E) be a soft bitopological space over X and Y be a non-
empty subset of X. If (X,t,,1,,E) is pairwise soft Ty space the (Y, t;y,T,y ,E) IS

pairwise soft T space.

Proof . Let ( X, 14, 1,,E) be a soft bitopological space over X and x, y € Y such that
x = y. If (X, 1,,71,,E) is pairwise soft T space, then there exist a t,soft open set Fa
and a t, soft open set Ga suchthat x eFa andy ¢ Fa and y € Ga and x ¢ Ga. Now
X eYandx eFa.Hencex € Y (N1Fa = (YF, E) where Fa € ;. Consider y ¢ Fa this
means that o €E. Theny ¢ Y[\ F(a) for some o eE.Therefore y ¢Y N Fa = YFa
Nowy eYandy € Ga Hencey €Y ) Ga="YGa. Therefore 1, is soft T1 space

with respect to T,y .



Similarly it can be prove that t,, is soft T1 space with respect to 1, , thatis y € Ga
and x ¢ Gatheny e€(YG, E) and x ¢ (¥ G, E). Thus (Y, 1y, T,y ,E) is pairwise soft

T1 space.

Theorem 2.4. Let ( X, 14, 71,,E) be a soft bitopological space over X. if (x ,E) is a soft
closed set in t, for each x € X and (y ,E) is a soft closed set in t, for eachy € X then

(X, 14,7,,E) is pairwise soft T1 space.

Proof. Suppose that for each x € X, (x ,E) is a soft closed set in t, then (x ,E)*isa
soft opensetin t,. Letx,y €Y suchthat x = y. For each x € X, (x ,E)° is a soft open

setin t, such that y € (x ,E)".

Similarly for eachy € X, (y ,E) is a soft closed set in t, then (y,E)°is a soft open set
in T, such that x € (y .E)* andy ¢ (y ,E)® .Thus (X, t,,7,,E) is pairwise soft

T1 space.
Theorem 2.5. Every Pairwise soft T1 space is pairwise soft To space.

Proof. Let ( X, t,,7,,E) be a soft bitopological space over X and x, y €Y such that
x = y. If (X, 1y,7,,E) is pairwise soft T1 space. Thatis (X, 1,,1,,E) is pairwise soft
Ty space if 1yis soft T1 space with respect to t, and t, is soft T space with respect
to t,. If 1, is soft T1 space with respect to t,, then there exist a t,soft open set Fa
and a t, soft open set Ga such that x € Fa andy ¢ Fa andy € Ga and x ¢ Ga.
Obviously x € Fa andy ¢ Fa ory € Gaand x ¢ Ga Therefore 1, is soft To space

with respect to t,.

Similarly if T, is soft Tispace with respect to t, , then there exists a T, soft open set
Fa and a t, soft open set Gasuchthat x € Fa andy ¢ Fa and y € Gaand x ¢ Ga.
Obviously x € Fa and y ¢ Fa ory € Gaand x ¢ Ga. Therefore t, is soft To

space with respect to t,. Thus ( X, 1;,7,,E) pairwise soft To space.



Remark 2.6. The converse of the Theorem 2.5 is not true.

Example 2.7. Let X = {hy, ho} , E = { ee; }and ;= {¢,X, Fa } and ,={¢ X},

where Fa is soft set over X, defined as follows F(e1) = ¢, F(e2) = {h}

Then ( X, 14,71,,E) be a soft bitopological space. Also ( X, t,,7,,E) is a pairwise soft
To space but which is not a pairwise soft T: space ,because hi, ho, € X with hy # h»

and there do not exist t;soft open set F, and t, soft open set G, such that

hi€ Fy andhz g Fy and ho€ G, and hi g G, .

Theorem 2.8. Let ( X, t,,7,,E) be a soft bitopological space over X and Y be a non-
empty subset of X. If ( X, 1,,71,,E) is pairwise soft T, space the (Y, t,y,T,y ,E) IS

pairwise soft T space.

Proof. Let ( X, 1,,1,,E) be a soft bitopological space over X and x, y € Y such that
x =y If (X, 1,,71,,E) is pairwise soft T space, then there exist a t,soft open set Fa
and a t, soft open set Ga suchthatx € Fa ,y € Ga and Fa (1Ga = ¢. So for each
o €E, x€ F(a),y € G(a) and F(a) N G(a) = ¢ .This implies that x € 'Y (] F(a) ,
y € YNG(a) and F(a)) NG(a) = ¢. Hence x € (YF,E),y € (YG,E) and (YF,E) N
(YG,E) = ¢, where (YF,E) is soft open set in 1,y ,and (YG,E) is soft open set in 1,y

Therefore 1 is soft T, space with respect to T, .

Similarly it can be prove that t,, is soft T, space with respect to t,,. Thus

(Y, 11y, T,y ,E) is pairwise soft T2 space .
Theorem 2.9. Every Pairwise soft T2 space is pairwise soft T1 space.

Proof. Let ( X, 1, 7,,E) be a soft bitopological space over X and X, y €Y such that
x=y. If (X, 1q,71,,E) is pairwise soft T2 space. That is ( X, 1,1, ,E) is pairwise soft
T2 space if 1,is soft T2 space with respect to t, and t, is soft T space with respect

to t,. If 7, is soft T> space with respect to t,, then there exist a t,soft open set



Fa and a t, soft open set Ga such that x € Fa,y € Ga and Fa (1Ga = ¢
Obviously x € Fa andy ¢ Fa and y € Ga and x ¢ Ga. Therefore t, is soft To space

with respect to t,.

Similarly if T, is soft T2 space with respect to t, , then there exists a T, soft open set
Fa and a t, soft open set Ga suchthat X € Fa,y € Ga and Fa[1Ga = ¢ .Obviously
X€ Fa andy ¢ Fa and y € Ga and x ¢ Ga. Therefore t, is soft T1 space with

respect to t,.Thus ( X, t,,7,, E) pairwise soft T1 space .



CHAPTER - Il

SOFT b -SEPERATION AXIOMS IN SOFT BITOPOLOGICAL
SPACES

3.1. Soft b- Seperation Axioms in Soft topological Spaces
Definition.3.1.1 (El-Sheikh and Abd El-latif, 2015)

Let (X, 1, E) be a soft topological space and Fa € SS(X, E). Then Fa is called
a soft b-open set if Fa € cl (int (Fa)) U int (cl (Fa)). The set of all soft b-open sets is
denoted by BOS(X, 1, E), or BOS(X) and the set of all soft b-closed sets is denoted by
BCS(X, 1, E), or BCS(X).

Definition 3.1.2 (EI-Sheikh and Abd El-latif, 2015)

Let (X, 1, E) be a soft topological space and Fa € SS(X, E). Then, the b-soft
interior of Fa is denoted by bSintFa , where
bSint FA = U{ Ga : Ga € Fa, Ga € BOS (X)}. Also, the b-soft closure of Fa is
denoted by bScl(Fa ), where
bScl(Fa ) =N{ He : He € BCS (X), (Fa) € He }.

Definition 3.1.3 (El-Sheikh et al., 2015)

Let (X, 7, E) be a soft topological space and x, y € X such that x # y. Then,
(X, 1, E) is called a soft b-To-space if there exist soft b-open sets Fa and Ga such that
either x e Faandy € Fa ory € Ga and X & Ga.

Definition 3.1.4 (EI-Sheikh et al., 2015)

Let (X, 7, E) be a soft topological space and x, y € X such that x # y. Then,
(X, 1, E) is called a soft b-Ti-space if there exist soft b-open sets Fa and Ga such that
XEFaandy & Fa andy € Ga and x & Ga.



1)

2)

1)

Definition 3.1.5 (EI-Sheikh et al., 2015)

Let (X, 7, E) be a soft topological space and x, y € X such that x # y. Then
(X, 1, E) is called a soft b-Hausdorff space or soft b-T.-space if there exist soft

b-open sets Fa and Ga suchthat x € Fa ,y € Gaand Fa NGa=¢ .
Theorem 3.1.6

For a soft topological space (X, 1, E) we have:

soft b-T»>-space = soft b-T:i-space = soft b-To-space.
Proof:

Let (X, 1, E) be a soft b-T2-space and x, y € X such that x # y. Then, there exist soft
b-open sets Fa and (G, E) such that x € Fa,y € Ga and Fa N Ga =& . Since Fa N Ga
=@ . Then, x & Ga, Y & Fa . Therefore, there exist soft b-open sets Fa and Ga such
that x e Faandy € Faand y € Ga and X € Ga. Thus, (X, 1, E) is soft b-T1-space.

Let (X, 1, E) be a soft b-T1 -space and x, y € X such that x # y. Then, there exist soft
b-open sets Fa and Ga such that x € Faand y € Fa and y € Ga and x € Ga. Obviously
then we have, either x e Faandy € Faor y € Ga and X € Ga. Thus, (X, 1, E) is soft
b-T,-space.

Remark 3.1.7

The converse of Theorem 3.1.6 is not true in general, as shown in the

following examples.

Example 3.1.8

Let X = {a, b}, E = {e1, &2} and 1 = { X, $, (F,E), (F,,E), (F5,E)} where
(F1,E), (F3,E), (F3,E) are soft sets over X defined as follows:

Fi(e1) =X, Fi(e;) = {b},

Fo(er) ={a}, Fz(er) =X,

Fs(e1) ={a}, Fz(ez) = {b}.



Then, 1 defines a soft topology on X. Also, (X, 1, E) is soft b-T1-space, but it is
not a soft b-T2-space, for a, b € X and a # b, but there is no soft b-open sets Fa and Ga
suchthata € Fa, b€ Gaand FAN Ga= &

2) Let X = {a, b}, E = {ey, 2} and t = {X, §, (F4,)} where (Fy, E)is soft set over X
defined as follows by F;(e;) = X, F;(e;) ={b}.

Then t defines a soft topology on X. Also (X, t, E) is soft b-To-Space but not a
soft b-T1-space, since a, b € X, a # b, but all the soft b-open sets which contains a also

contains b.

Theorem 3.1.9

A soft subspace (Y, ty, E) of a soft b-T2-space (X, 1, E) is soft b-T.
Proof.

Let X, y € Y such that x # y. Then x, y € X such that x # y. Hence, there exist
soft b-open sets Fa and Ga in X such that X € Fa, y € Gaand Fa N Ga = ¢ . It follows
that, x € F(e), y € G(e) and F(e) N G(e) = ¢Ppfor all e € E. This implies that, x € Y N
F(e),ye YN G(e)and F(e) N G(e)=¢ foralle € E.

Thus, X €Y A Fa = (Fy, E), y €Y N Ga = (Gv, E) and (Fy, E) N (Gv, E) = ¢,
where (Fv, E), (Gy, E) are soft b-open sets in Y. Therefore, (Y, tv, E) is soft b-To-

space.
Definition 3.1.10 (EI-Sheikh et al., 2015)

Let (X, 7, E) be a soft topological space, (G, E) be a soft b-closed set in X and
x € X such that x (G, E). If there exist soft b-open sets (F;, E)and (F,, E)such that
x €(F1,E), (G, E) € (F,,E) and (F1,E) A (F,,E) = ¢, then (X, 1, E) is called a soft

b-regular space. A soft b-regular T:-space is called a soft b-Ts-space.



Theorem 3.1.11

Let (X, 7, E) be a soft topological space, (G, E) be asoft b-closed set in X and
X € X such that x ¢ (G, E). If (X, 1, E) is soft b-regular space, then there exists a soft
b-open set (F, E) such that x € (F, E) and (F, E) (G, E) =& .

Proof.

Obvious from definition 3.1.10
3.2. Soft b- Seperation Axioms in Soft Bitopological Spaces

Definition 3.2.1. Let (X,7,, T,,E) be a soft bitopological Space. Then a soft set Fa is

called soft 7,,- open if Fa=Fg U Fc, where Fg €7, and Fc € 7, . The soft

complement of 7, ,- open set is called soft 7, , - closed .

Definition 3.2.2. Let X be a soft bitopological space .Then a soft set Fa is called
(1,2)"- soft-b-open set (briefly (1,2)sh-open ) if FAC 7, ,-int (7,,-cl(Fa NU Ty,-
cl( 7, ,-int (Fa)).
Definition 3.2.3. Let X be a soft bitopological space and a soft set Fa over X .

(). (1, 2)" -soft b- closure (briefly (1,2)*-sbcl(Fa )) of a set Fa in X is defined by
(1,2)" -shcl (Fa)= N { Fe 3 Fa: Fe isa (1, 2)" - soft b- closed set in X }.

(2). (1, 2)"- soft b- interior (briefly (1,2)*-sbint(Fa )) of a set Fa in X is defined

by (1, 2)*- shint (Fa) = N {Fs € Fa: Fs isa (1, 2)" -soft b- open set in X }.

Definition 3.2.4. A soft mapping f : (X,7, ,7, .E) > (Y,q,, o,,E) is said to be
(1, 2)" -soft b- continuous (briefly (1,2)*-sb-continuous) if the inverse image of each

., -open set of Y is (1, 2)"-sh-open setin X.



Definition 3.2.5. A soft mapping f : (X,7, ,%, .E) — (Y ,&,, &, .E) is said to be
(1, 2)° -soft b- irresolute (briefly (1,2)*-sb-irresolute) if f (Fa ) is a (1, 2)"

-sh-closed set in X, for every (1, 2)"-sb-closed set Fa in Y .

Definition 3.2.6. Let (X,7, ,7, ,E) be a soft bitopological Space over X and

Fe € S(X) . %€ X is said to be a (1,2)*- soft-b-limit point ((L,2)* -sb-limit point) of
Fe if every (1,2)*- soft b — neighbourhood containing Xxe contains a soft point of Fe

other than Xe .

Definition 3.2.7. The collection of all(1,2)* - soft b —limit points of Fe is called the
(1,2)* - soft b —derived set of Fg and is denoted by (1,2)* -sbD (Fe).

Definition 3.2.8. A soft mapping f : (X ,7, .7, .E) = ( Y,5,, &,.E) is said to be

(1, 2)" -soft b- open map (briefly (1,2)*-sh-open) if the image of every 7, ,- open

setof X is (1, 2)"-sb-open setin Y .

Definition 3.2.9. Let (X, 7, , 7, ,E) be a soft bitopological Space over X and for every

soft points Xe, Ye and for every soft points Xe , Ye € X with Xe # ye . Then the soft
bitopological space (X .7, .7, ,E) is said to be ((1,2)* -sbTo - space) if there exists
(1,2)* - soft b-open sets F and F¢ such that either x. € F¢ but ye ¢ Fe or ye €F

but Xe¢ F, .

Example 3.2.10. Let X={x,y }, E={er.e2 , X= { (&1, {x ¥ }), (€2, { X,y D)} .The
possible soft subsets are considered as in example 1.2. Define 7, = { X ,¢ Fe e}
and T,= { X ¢ Fe,} Then T, —open sets are (X,Fe, ,Fe, ,Fe,,Fe.} and the
collection of all (1,2)*- soft— b-open set is (1,2)*-sbO(X) ={X ¢ Fe F,  F  F,,

Fe, Fe.,Fe.}.Then (X, 7,1, ,E)isa(1,2)* - soft bTo - space over X .



Remark 3.2.11. Every (1,2)*- soft bTo — space is soft bitopological space. But the
following example shows that every soft bitopological space need not be (1,2)*- soft
bTo — space.

Example 3.2.12. Consider the soft indiscrete bitopological space (X,7, ,7, ,E) over
X. The only (1,2)* - soft b-open sets are ¢ and X .Now, the (1,2)*- soft b-open set X

contains X, but it also contains Y. . Thus there is no (1,2)*- soft b-open set which

contains X, but does not contain Y. Hence itisnota ( 1,2)* - soft bTo — space .

Theorem 3.2.13. Let (X, 7, ,7, ,E) be a soft bitopological spaces over X and X,,Y, €
Xwith X, # Y., then there exists (1,2)* - soft b-open sets F. and F¢ such that either
X, € Feand vy, € FElcor Y. € Fg,and x, e FEZC .Then, the soft bitopological space
(X,7, ,7, ,E) isa (1,2)*-soft bTo - space.

Proof. Let X,,y, € XwithX, # y, and let Fe, and F¢ be (1,2)* - soft b- open sets such
that either X, e F; and y, € FEI5 or y, € Fe andx, e FC,. If X, € Feand y, € Foe,,
then vy, e (F(e))“for all ecE. Therefore y, ¢ F.. Similarly ,if vy, e F, and
X, € F‘EE2 then x, ¢ F., .Hence (X T, ,T, ,E)isa(1,2)* - soft bTo - space.

Theorem 3.2.14 . A soft bitopological space (X, 7, ,7, ,E) is (1,2)* -Soft bTo - space
over X if and only if (1,2)*-sbcl {x, }# (1,2)*-sbcl {y, } for every pair of distinct

soft point Xx,,y, of X.

Proof. Let X,,y.e Xwith X, #Y,.Since X js (1,2)*- soft bTo - space, then there
exists (1,2)*-soft b-open sets Fe and Ge such that either X, e Fe but y, ¢ Fe or
Yy, € Gebut X, ¢ Ge . Since X\ Fe is a (1,2)*- soft b-closed set which does not
contain X, buty, .By definition ,(1,2)*-sbcl(y,) is the intersection of all (1,2)*-soft b-

closed set containing y, .Therefore (1,2)*-sbcl(y,) © X\ Fe. Hence X, ¢ X\ Fe implies



that X, ¢ (1,2)*-sbcl(y,). Thus X, € (1,2)*-sbcl(X,) but X, ¢ (1,2)*-shbcl (y,.) . Hence
(1,2)* -shbcl {3 = (1,2)*-sbcl{ y. }.

Conversely assume that x,,y,e Xwith X, # y.,and (1,2)*-sbcl {X,}= (1,2)*-sbcl
{y.}.Then by assumption ,there exists atleast one soft points z, e Xsuch that
Z, € (1,2)*-sbcl ({x.}) but z, ¢(1,2)*-sbcl({y.}).Now we claim that X, e (1,2)*-
sbel ({y.}).suppose not, X, €(1,2)*-sbcl({y.}) then{x.}< (1,2)*-sbcl({y.}) which
implies that (1,2)* - sbel ({x.}) = (1,2)*- sbel({y.}). Hence z, € (1,2)*-sbcl({X.})
implies  z, ¢(1,2)*-sbcl({y.}). This contradicts the fact that z, ¢(1,2)*-shcl
({y.}) Therefore x, ¢ (1,2)*-sbcl({y.}).Nowx, € [(1,2)*-sbcl({y.})]c is a (1,2)*
-soft b-open set containing x, but not y,.Hence (X,7, ,7, ,E) is (1,2)* -Soft bTo -

space over X .

Theorem 3.2.15. A soft subspace of a (1,2)* -soft bT, -space is (1,2)*-soft bT,-space.

Proof. Let (X 7,,7,,E)be a (1,2)* -soft bT,-space over X and (Y, 1,,, T,,, E) be soft
subspace of (X 71,,7,,E) over Y . Let x,,y,eY such that x, #Yy,and since
Y EX,X,,Y., & X. Since (X, 7,,7,,E) is (1,2)* -soft bT,-space over X, there exists
(1,2)* -soft b-open sets F. and F. such that either x, € F buty, ¢ Fc ory, e F¢,
but x. ¢Fe . Now X, e YF\FEl:Y Fe, which is a (1,2)* -soft b-open set in
(Y, Ty, Tpy,E). Consider vy, ¢Fc, this implies that y, ¢ F(e)for some ecE.
Therefore y, ¢ YF\FEI:Y Fe, Similarly if y, e e, andx, ¢ Fc , then y, e’ F,and

Xo & Fe, Thus(Y, 7y, 7,y E) isalso a (1,2)* -soft bT,-space.

Theorem 3.2.16 . Let f : (X, T, 1,,E)— (Y, 0,,0,,E)a bijective (1,2)* -soft b-open

mapping and if X is a (1,2)* -soft T,-space, then Y isa (1,2)* -soft bT,-space.



Proof . Lety, ,y, be two distinct soft points of Y. Since f is bijective, there exists
Xo 1 Xe, € Xsuch that f(xel)zyel and F(xez)zyez. Since X is (1,2)* -soft T;-
space, then there exists 7,,-open sets G¢ and Gg of X such that X, e G but
Xo, & Gg 0rx, €Gg butx, ¢Gg,. But fisa (1,2)* -soft b-open mapping, then
f(Fs, ). T(F,,)are (1,2)* -soft b-open sets in Y with y, e f(Fy )buty, «f(F,)or

Ye, € ?(FAz)but Ye, & F(FAZ) . Therefore Y is a (1,2)* -soft bT,-space.

Theorem 3.2.17. Let f:(X,%,%,.E)— (Y,5,,0, E)a injective (1,2)* -soft b-
irresolute mapping and if Y is a (1,2)* -soft bT,-space, then X is a (1,2)* -soft bT,-

space.

Proof. Let x,,y, € X with X, #Y,. Since f s injective and Y is (1,2)* -soft
bT,-space, then there exists (1,2)* -soft b-open sets Fz and F¢ such that either
f(xe) e Fe but f(y.)eFe or f(y,)eFe but f(x.)eF with f(x,)# f(y.). Since
f is (1,2)* -soft b- irresolute mapping, f=(Fg,)and (R, )are in (1,2)* -soft
b-open sets in X such that x,ef™(F)buty, ¢f (R )ory, ef (R )but

X, & (Fg,). Thus X isa (1,2)* -soft bT,-space.

Definition 3.2.18. Let (X, T, 7,, E) be a soft bitopological space over X and for every
soft points x,,y, € X with X, # Y, . Then the soft bitopological space (X 1;,7,,E)Iis
said to be (1,2)* -soft bT,-space ((1,2)* -sbT,-space ) if there exists (1,2)* -soft
b-open sets F. and F. such that either x,eFc but y, ¢F andy, € F but

Xo & Fe .

2

Example 3.2.19.

Let X = {x, vy, z}, E = {e,} the soft subsets of X is SS;(X) and
IS(X)|=8.They are Gg,= {(e1 {X}} Gg,={(e1 {YN}Ge,={(e1{zH)}.G,={(e1.{X,



y})}v(;Es :{(elv{xv Z})}vcES :{(el!{y! Z})} Deﬁne :El :{X1¢1GE4} and :EZ :{X!d)!GEG}
Then 7,,-open sets are {X,¢,Gg ,Gg }.Then (X, 7;,7,,E) is a soft bitopological

space.The collection of (1,2)* -soft b-open sets are (1,2)*-ShO(X)
= {X¢,Gg,,Gg,, G, ,Ge Yand (1,2)* -soft b-closed sets are (1,2)* -SbC(X)

= {X,$,Gg,,Gg,,Gg,,Gg }. Then this soft bitopological space is (1,2)* -soft

bT, -space .

Theorem 3.2.20. Let (X,7,7,E) be a soft bitopological space over X and
Xe Ye € Xsuch that X, # y,. If there exists (1,2)* -soft b-open sets F and F such
that x, e F¢ buty, e FEcl andy, € Fe butx, e FEZ .Then, the soft bitopological space

(X, 7,7, E) is a (1,2)* -soft bT, -space.
Proof. It is similar to the proof of proposition 3.2.13

The following theorem is a characterization for (1, 2)* -soft bT, -space.

Theorem 3.2.21. Let (X, 7,7, E) bea (L2)" -soft bT, -space over X if and only if for

each x, € X, every soft singleton{ x, } over X is (1,2)" -soft b-closed set.

Proof. Suppose that (X, 7, T, E) isa (L2)" -soft bT, -space over X and X, € X. Now
we have to prove that the soft singleton set {x.} over X is (1,2)" -soft b-closed .
Suppose {X, } is not (1,2)" -soft b-closed . Then (1,2)" -sbcl({x.}) ={X. }. So there
exists Y, = X, , Y, € (1L2) -sbcl({ . }). This contradicts the fact that(X, 7,7, E) be a

(L2) -soft bT, -space. Therefore, soft singleton{ x, } over X is (1,2)" -soft b-closed set.

Conversely, suppose the soft singleton {x.} is (1,2) -soft b-closed for every Xe, € X
Since {x,} is (L2) -soft b-closed, {x,}° is (1,2) -soft b-open set in X. Let

Xo Y. € X and X, #Y, such that {x,} and{y,} are (1,2)"-soft b-closed sets, then



{x,}¢ and {y,}° are (L2) -soft b-open sets. Thereforey, e {x,}° but x, {x,}°

and X, € {y, }* but y, {y, }*.Thus (X, 7,7, E) isa (1,2) -soft bT, -space over X.
Theorem 3.2.22. A soft subspace of a (1,2)"-soft bT, -space is (1,2)" -soft bT, -space.

Proof . Let (X,7,7,E) be a (12)"-soft bT,-space over X and (Y,7,¥,7,y,E) be
soft subspace of (X, 7,7, E) over Y. Let x,y, € Y such that x, #Yy,. Since YZ X,
X, Y. € Xandx, #Y,. Since (X,7,7,E) is a (1,2) -soft bT,-space over X, there
exists (1,2) -soft b-open sets Fe, and F¢ in X such that xe € F¢ buty, ¢F. and
Y, €Fg butx, Fg . Hence x,e YA F, ="Fg whichisa (1,2)-soft b-open set in
(Y. 5. %,Y.E). Since y, ¢Fe , y.eYAFe, = "F . Similarly if y, € F.  and
Xe gFc , then y, e "R but x, ¢ "Rz . Thus (Y,%,y,T,V,E) is also a (12)"-soft

bT, -space.
Theorem 3.2.23. Every (1,2) -soft bT, - space is (1,2) -soft bT,- space.

Proof. Let (X,7,,7,E) be a (L2) -soft bT,- space. Then for every x,y, € X with
X, #Y,, there exists (1,2) -soft b-open sets F., and F., such that x, eFg,but

Y. ¢ Fe;andy, € Fe butx, ¢F,. Therefore (X, 7,7, E) isa (1,2) -soft bT, - space.
The converse of the above preposition need not to be true.

Example 3.2.24. Let X = {xy}, E = {e,e,}, X= {(e, . {xy}.(e, {xyN} The

possible soft subsets are considered as in Example 1.4 .

Define 7, ={ X ¢ ,F, Fc }and T,={ X,¢,F, } .Then T2 —open sets are{ X, Fe,,
Fe,,Fe, , Fe, } and the collection of all (1,2)* - soft —b — open set are (1,2)* - shO(X)

= {X ,¢ ) FE1 ) FE3 ) FE7 ) FE8 ) I:EQ,FEM ) FEM}.Then (X ';1 ';2 'E) is a (1'2)* - soft bTo -



space over X but not (1,2)* - soft —bT; —space over X. Since the soft singleton set

Fe, is not (1,2)* - soft b-closed set.

Theorem 3.2.25. If every finite soft subset of a soft bitopological space (X, 7, ,7, ,E)

is (1,2)* -soft b-closed set, then (X,7, ,7, ,E)isa(1,2)* - soft bT: - space.

Proof. Let X., Ye € XWlth Xe # Ye then by hypOthESiS 1{ X }’ {ye} are (1:2)* - soft
b-closed sets, which implies that {X. {"and {y.}* are (1,2)*-soft b-open sets such that

X, € {y. " and Y, € {x.|°. Therefore (X, 7, ,7, ,E) isa (1,2)* - soft bT: - space.

Theorem 3.2.26. Let f:(X,7,,%,,.E) — (Y,0,,5,,E)a bijective (1,2)* -soft b- open
mapping and if X isa (1,2)* -soft bT, -space, then Y is a (1,2)* -soft bT, -space.

Proof . Let vy, ,y, be two distinct soft points of Y. Since fis bijective ,there exits
X, 1% € Xsuch that f (x, )= y,and f(x,)=y,. Since X is (1,2)* - soft
T, -space, then there exists 7, ,-open sets G¢ and G of X such that X, € Gg but
X, € G and Xgq & G, and X, € G, But fisa (1,2)* -soft b-open mapping, then
1?( Fa, ), f~( F., )are (1,2)*-soft b-open sets in Y with y, e F(FAl) butyez ¢F(FA1)

and y, € F(FAZ) buty,. ¢ F(FAZ) . Therefore Y isa (1,2)* -soft bT, -space.

Theorem 3.2.27. Let f:(X,%,%,,E)— (Y,0;,0,E)a injective (1,2)* -soft
b- irresolute mapping and if, Y is a (1,2)* -soft bT, -space, then X is a (1,2)* -soft
bT, -space.

Proof .The proof of the theorem is similar to the Theorem 3.2.17.

Definition 3.2.28. Let (X,7, ,7, ,E) be a soft bitopological Space over X and for

every soft points Xe, Ye € Xwith Xe # ye .Then the soft bitopological space

(X,7, ,7, ,E) is said to be (1,2)*- soft bT> — space ((1,2)*-sbT2 — space ) or (1,2)*-



soft b — Hausdorff space if there exists (1,2)*- soft b-open sets F. and F such that

Xe€ FE17ye$ FEzand FE1 ﬂ FE2: ¢

Example 3.2.29. Consider a (1,2)* - soft discrete bitopological space (X,7, ,7, ,E).

Let e , Ye be two distinct soft points of X. And {Xx, }, {y.} are (1,2)* - soft b-open

sets of x, and Y, respectively such that { x, }h{ye} = ¢ . Hence (X,7, ,7, E)isa
(1,2)* -soft bT, -space or (1,2)* -soft b-Hausdorff space.

Theorem 3.2.30 . A soft subspace of a (1,2)"- soft bT,-space is (1,2) -soft bT,-space.

Proof . Let (X,7,,7,E) be a (12) -soft bT,-space over X and (Y,7,¥,%,y,E) be
soft subspace of (X, 7;, T, E) over Y. Let X,y, € Y such that X, #Y,. Then Xe , ye €
X and X, #Y,. Since (X,7,,7,E) is a (1,2) -soft bT,-space over X, there exists
(1,2) -soft b-open sets Fc., and F., in X such that x, eF; andy, € Fc and
Fe, N Fe,= ¢. It follows that x, e F. (e) .y, € Fe, (€) and Fe (e) N Fe, (€) = ¢
foralle eE Thus x,e YAF, ="Fg , y,eYAF, = "F and YF., NYF =¢
where, ¥ Fe, ’ YFEZ are (1,2)* - soft b-open sets in Y .Therefore (Y, 71,y,7,V,E) is also

a (L,2) -soft bT, -space.
The Characterization for (1,2)* - soft b —hausdorff space is following.

Theorem 3.2.31 . A soft bitopological space (X,T;,7,E) be a (1,2)"-soft bT,-space
over X if and only if for distinct points X, y,of X there exists a (1,2)* - soft b-open

set F, containing X, but not y,such that y, ¢ (1,2)*-shcl (F,).

Proof. Let x, and y.be two distinct points in (1,2)*- soft bT,-space (X,7,,7,E).

Then there exists disjoint (1,2)*- soft b-open sets F, and G, such that x, € F, and



Y. € Gg.this implies that X, € GB‘S. so GBG: F, is a (1,2)*-soft b-closed containing

X, but not y,and (1,2)*-sbcl( F,) =F,. Hence y, & (1,2)*-sbcl( F,).

On the other hand , let x, and y,be two distinct soft points (X, 7, ,7, ,E). Then there

exists a (1,2)* - soft b-open set F, containing but not y,such that y, ¢ (1,2)*-sbcl

(F,). This implies the y, e [(1,2)* —sbcl({FA})]é. Hence F, and [(1,2)* —sbcl({FA})]c
are two disjoint (1,2)*-soft b-open sets containing X, and Y, respectively. Thus

(X,7, .7, ,E)isa (1,2) -soft bT,-space over X.

Theorem 3.2.32. Let (X,7, ,7, ,E) be a(L,2) -soft bT,-space over X and X, € X .

Then every soft singleton { X, } is (1,2)* - soft b-closed.

Proof . Let (X,7,7,E) be a (L2) -soft bT,-space over X . Let X,,Y, e X and
X, # Yo .then there exists (1,2)*- soft b-open sets F. and F. such that xee F¢ ,
Ye € Fe and Fg h Fe,= ¢. Since F is a (1,2)* - soft b —open set containing Y,
such that F; does not contain . or F. does not contain any other soft point of{ x, }.
Hence a soft point y, of Xdistinct from X, cannot be a (1,2)* - soft b-limit point of
{X.}.Hence (1,2)* - soft b-derived set of x, is (1,2)*-sbD {X,} = ¢ and since

(1,2)* - sbel {x,}={x.} O ¢={x,}. Hence {x,} is (1,2)*- soft b-closed.
Theorem 3.2.33 . Every (1,2) -soft bT,-space is (1,2)* -soft bT, -space.

Proof . Let (X,7,,7, E) be a (L2) -soft bT,-space. Then , for every X.,Y, € X and
X, # ¥ ,then there exists (1,2)*- soft b-open sets F. and F. of xeand ye such that
Fe., N Fe,= ¢.%EF =X eF asF N Fe,= ¢ .Similarly, ye eF This
implies that Ye  Fz, Hence, Xe € Fz  butt ye ¢ F. and Ye € Fc but Xe & F¢

Therefore, the soft bitopological space (X .7, , 7, ,E) is a (1,2)* - soft bT — space.



The converse of the above proposition is not true is shown in the following example.

Example 3.2.34 . Let X ={x )y, z }, E = { e1 } the soft subsets of X is given as in the
example 3.2.29. Define 7, ={X,¢,G¢ } and T, ={X,$,Gg }. Then 7, -open sets are
{X,9,Gg,, G, }. Then (X, 7, 7,,E) is a soft bitopological space. The collection of
(1,2)* -soft b-open sets are (1,2)* -SbO(X) ={X,¢,G¢, ,G¢,,Gg, ,Ge }rand (1,2)*-
soft b-closed sets are (1,2)*-SbC(X) = {X,¢,GE5 ,GE3,GE2,GE1}.Then this soft
bitopological space is (1,2)* -soft bT, -space . Since every soft singleton set is (1,2)* -

soft b-closed set.

Consider the soft points (e1, {x} ),(e1, {z} ) € Xand (e1, {x} ) #(e1, {y} ) ; there
does not exists disjoint (1,2)*- soft b-open sets. Then (X, 7, , 7, ,E) is not a (1,2)*-soft

bT>— space.
Theorem 3.2.35 . Let f~:(X,El .7, ,E) = (Y,5,,6,,E) be a bijective (1,2)* - soft
b-open mapping and if X isa (1,2)* - soft bT> —space , then Y is a (1,2)* - soft

bT> —space .

Theorem 3.2.36 . Let f (X 7, ,7, ,E) > (Y,5,,6,,E) isa injective (1,2)* - soft b-
irresolute mapping and if is a (1,2)* - soft bT, —space ,then X is a (1,2)* - soft
-bT2 — space.



CHAPTER - IV

Soft aw — Hausdorff Axiom in Soft Bitopological Spaces

4.1. Soft aW — Hausdorffness in Soft Topological Spaces
Definition 4.1.1.

A soft topological space (X, t, E) is said to be Soft W-Hausdorff space of
type 1 denoted by (SW —H )1 if for every e1, €2 € E, e1 # €2 ,there exists Fa Gs € T

~

such that Fa(e1) =X, Gg(e2) =X and FAN Gg =¢ .

Definition 4.1.2.
A soft topological space (X, 7, E) is said to be Soft W-Hausdorff space of
type 2 denoted by (SW —H ). if for every e1, e; € E, e1 # e2 ,there exists Fg Ge € T

~

such that Fe(e1 ) =X, Ge(e2 ) =Xand Fe N Geg =¢

Definition 4.1.3.

A soft set F,is called a soft a- closed (soft a -closed) in a soft topological

space (X ,t,E) if CI(F,) =G, whenever F, € Ggand G is soft open in X .

Definition 4.1.4.

A soft set F, is called a Soft & — open (soft a - open) in a soft topological space

(X ,t, E) if the relative complement FA' is soft et- closed in X .
Equivalently, a soft set F, is called a Soft & — open set (soft a-open ) in a soft
topological space (X, t,E ) ifand only if F, — int (Gg) whenever F, ¢ Ggand Gg

is soft closed in X .



Definition 4.1.5.
A soft topological space (X, t,E) is said to be soft aW — Hausdorff space of

type 1 denoted by (saW —H), if for every e:1 ,e» € E, e1 # €2 ,there exists soft a-open

sets Fa Ge suchthat Fa(e1) =X, Gg(e2)=Xand FANGg =¢ .
Theorem 4.1.6.
Soft subspace of a (saW-H)1 space is (SaW-H): .

Proof.

Let (X, 1, E) be a (saW-H)1 space. Let Y be a non null subset of X. Let
(Y, 1y, E) be a soft subspace of X. Let (X, 1, E) where ty = {(Fv, E) : (F, E) € 1} is the
relative soft topology on Y. Consider e1, €2 € E, e1 # e there exists soft a - open sets
Fa ,Gg such that Fa(e1) = X, Gg(e2) = X

Here (Fa)y , (Gg)y are soft o — open sets .
Also (Fa)v (1) =Y N Fa(ex)
=YNX
=Yy
(Ge)v (e2) =Y N Ge(e2)
=YNX
=Yy
((Fa)y N (Ge)v) (e) = ((FA N G )v )(e)

=YN((FaNGg)(e)

(Fy N (Ge)y = &

Hence (Y, 1y, E) is (saW — H)1



Theorem 4.1.7.
Product of two (saW-H)1 spaces is (saW-H).
Proof.

Let (X,t,,E) and (Y, 1y ,K) be two spaces. Consider two distinct points
(e1, k1), (e2, ko) € Ex K.
Either e1 # e2 or k1 # ko.

Assume ey # e2. Since (X, t,, E) is (saW-H)i, there exist a - soft open sets Fa ,Gs

~

such that Fa(e1) =X, Gg(e2) =X and FaN Gg= ¢ .
Here FA® Yk, G ® Yk are soft a - open sets
(FA ® Yk) (e1, ki) =Fa(e1) x Yk (ki)
=XxY
(Gs ® Yk) (62, k2) = Gg(e2) x Yk (ka)
=XxY
If for any (e, k) € (E xK), (FA ® Yk) (e, k) # ¢
=>Fa(e) x Yk (k) # ¢
=>Fae) XY # ¢
=>Fa(e)# ¢
=>Gg(e)=¢ (sinceFANGeg=¢ =>Fa(e)NGe(e)=1¢ )
= Ge(e) x Yk(k) = ¢
= (Ge® Yk) (e, k) = ¢

= (Fa® Yk) N (Ge ® Yk) = ¢
Assume ki # ka. Since (Y, 1y, K) is (saW-H)1, there exist soft a -open sets Fa, Gg,

such that Fa(ki)) =Y,Ge(kz)=Yand FANGs= ¢ .
Here Xe @ Fa, Xg @ Gg are soft a - open sets
(Xe @ Fa) (e1, k1)  =Xe(e1) x Fa (ki)
=X xY
Xe ® Gg) (€2, ko) = Xe (e2) x Gg (k2)
=XxY



If for any (e, k) € E x K, (Xe @ Fa) (e, k) # ¢
= Xe(e) x Fa(k) # ¢
> XxFak) #4¢
SFak) #¢
=Gg(k) = ¢ (SinceFANGe= ¢ = Fa(k) N Gs(K) = ¢)

=>(Xe)(E) x Ge(k)=d
=(Xe ® Gs) (6, K) = ¢

= (Xe ® Fa) N (Xe ® Gs) = ¢
Hence (X x Y, 1x @ 1y, E x K) is (saW-H)1 .
Definition 4.1.8.

A soft topological space (X, t, E) is said to be soft aW-Hausdorff space of
type 2 denoted by (saW-H). if for every ei, e2 € E, e1 # e there exists soft a -open

sets Fe, Ge such that Fe(e1) = X, Ge(e2) =X and Fe N Ge = ¢
Theorem 4.1.9.

Soft subspace of a (saW-H)2space is (saW-H)2.

Proof.

Let (X, 1, E) be a (saW-H)2 space. Let Y be a non-null subset of X. Let
(Y, 1y , E) be a soft subspace of (X, 1, E) where ty = { (Fv, E) : (F, E) € t} is the

relative soft topology on Y. Consider e, e2 € E, e1 # ez there exist soft o -open sets

~

Fe, Ge such that Fe (e1) =X, Ge(e2) =X and FE N Ge =¢ .
Here ((Fe)v, E), ((Ge)y, E) are soft a-open sets.
Also (Fe)y (e1) =Y N Fe(ew)
=YNX
=Y



(Ge)v(e2) =Y N Ge(ez)
=YNX
=Y
((FE)y N (Ge)y) (e) = ((FENGE)v) (e)
=Y N (FeNGe) ()
=YNo (e)
S ar
= ¢
(FA)YN (Ge)y = &
Hence (Y, 1y, E) is (saW-H)2.

Theorem 4.1.10.
Product of two (saW-H)2spaces is (saW-H)s.
Proof.

Let (X, ©x , E) and (Y, 1y, K) be two (saW-H). spaces. Consider two distinct
points (e1, k1), (e2, k2) € ExK.

Either e1#e20r ki #ko.
Assume e1 # e2. Since (X, tx, E) is (saW-H)2, there exist soft a -open sets Fg,Ge
such that Fe (e1) = X, Ge (e2) = X and Fe N Ge = ¢ .
Here FEQ® Yk, Ge ® Yk are soft a-open sets
(FE @ Yk) (e1, k1) =Fe(e1) x Yk(k1)
=XxY
(Ge @ Yk) (e2, k2) = Ge(e2) x Yk (k2)
=XxY
If for any (e, k) € (ExK), (FE ® Yk) (e, k) # ¢
= Fe(e) x Yk(k) # ¢
= Fe(e) x Y# ¢

=>Fe(e)# ¢



= Ge(e) = ¢ (Since FENGe= ¢ = Fa(e) N Ge(€) =¢)
= Ge(e) x Yk (k) = ¢
= (Ge ® Yk) (e,K) = ¢
S>Fe® YO N(Ge® Y= ¢
Similarly, one can prove the case when ki # ka.
Hence (X X Y, tx @ 1y, E x K) is (saW-H)2.

Definition 4.1.11.

Let (X, 1, E) be a soft topological space and H cE. Then(X, t,,,H) is called

Soft p- subspace of (X, t, E) relative to the parameter set H where t,, = { (Fa)/H: H

c Ac E,Fa€e 1} and (Fa)/ H is the restriction map on H.

Theorem 4.1.12.
Soft p-subspace of a (saW —H); space is (saW-H); .
Proof .
Let (X ,7,E) be a (saW —H)1 space . Let H cE. Let (X ,ty,E) be a soft p-
subspace of (X, ,E) relative to the parameter set H where ty, = {(Fa)/H:H cAcE

, Fa € t}.Consider hy ,h, € E. Therefore, there exists soft a-open sets Fa ,Gg such

that Fa(h1)) =X, Ge(h2) =XandFaNGe = ¢.
Here (Fa) /H, (Gg) /H E1y.
Also((Fa)/ H)(h1) =Fa(hy) =X
((Gg) H) (h2) =Gg (h2) = X and
((Fa)/H)N(GB)/H)) =(FaNGg)/H
= ¢/H
-3
Hence (X, 1y ,H) is (saW —H)1.



4.2. Soft a« W — Hausdorffness in Soft Bitopological Spaces

Definition 4.2.1.
A soft bitopological space (X, T1x, T2x, E) is said to be Soft bi aW-Hausdorff
space of type 1 denoted by (sbaW — H). if it is (saW - H): with respect to tix Or

(saW - H)1 with respect to tax.

Definition 4.2.2.
A soft bitopological space (X, T1x, T2x, E) IS said to be Soft bi aW- Hausdorff
space of type 2 denoted by (sbaW — H) if for every e1, e2 € E e1 # e> , there exist

soft a-open sets Fa with respect to 11x , G With respect to t2x such that Fa (e1) = X,

Gs(es) =X andFa N Gs =¢.
Theorem 4.2.3.
Soft subspace of a (sbaW— H): space is (sbaW — H):.

Proof.

Let (X, t1x, T2x, E) be a (sbaW — H)1 space. Then it is (saW-H):1 with respect to
T1x O (SaW-H)1 with respect to t2x . Let Y be a non null subset of X.Let {Y, 11y, T2v,
E} be a soft subspace of (X, t1x, T2x,E) . From the theorem 4.1.6, a soft subspace of
(saW-H): space is (saW-H)1. Therefore, {Y, 11y , T2y, E} is (saW-H)1 with respect to
T1y OF (SaW-H)1 with respect to t2v. Hence {Y, t1v, T2y, E} is (SbaW — H)x.

Theorem 4.2.4
Soft subspace of a (sbhaW — H) space is (shaW — H)..

Proof.
Let (X, t1x, T2x, E) be a (sbaW — H), space. Let Y be a non null subset of X.
Let {Y, 11y, T2y, E} be a soft subspace of (X, 11x, T2x, E) where
Tiy ={(Fv, E) : (F, E) € t1x} and
T2y = {(Gv, E) : (G, E) € 12x} are said to be the relative topologies on Y.

Consider ey, e2 € E, e1 # e there exist soft a-open sets Fa , Gg such that



Fa(er) =X, Ge(e2) = Xand Fa N G = ¢
Here ((Fa)y, E) € iy, ((Ge )y, E) € 2y
Also (Fa)v(e1) =Y N Fa(e1)
=YNX
=Y
(Ge)v(e2) = YN Gg (e2)
=Y NX
=Y
((FA)Yy N Gge)y)(e) =((FAN Ge)v)(e)
=Y N (Fa N Gg)(e)
=Y N (e)
=Y N
=¢
(Fa)y N Ge)y = ¢
Hence {Y, t1v, T2y , E}is (sbaW — H)..
Definition 4.2.5
Let (X, tix, T2x, E) be a soft topological space over X and H € E. Then
{ X, tn, 21, H } is called soft p — subspace of (X, Tix, t2x, E) relative to the
parameter set H where
T1H={(FA)/H:HCS AC E,Fa€ tix},
H={(Ge)/H:HCSBC E,Gee wx}and (FA)/H, (Gg) /H are the

restriction maps on H .

Theorem 4.2.6.
Soft p- subspace of a (sbaW— H). space is (sbaW — H):.
Proof.

Let (X, t1x, T2x, E) be a (SbaW— H)1 space. Then it is (saW- H)1 with respect
to Tix Or (SaW- H)1 with respect to t2x . Let H CE . Let (X, 11H, T2H, H ) be a soft p-
subspace of (X, t1x, T2x, E) relative to the parameter set H. From the theorem 4.1.12,

the soft p- subspace of (saW- H): space is (saW- H)i. Therefore , the soft p-subspace



of (sbaW— H): is (saW- H): with respect to tin or with respect to ton . Hence
(X, t1H, 21, H) is (sbaW — H)1.

Theorem 4.2.7.
Soft p —subspace of a (sbaW — H) space is (sbhaW — H). .
Proof.

Let (X, t1x, T2x, E) be a (sbaW — H)2 space. Let H CE. Let (X, t1H, T2H, H) be a
soft p-subspace of (X, t1x, T2x, E) relative to the parameter set H where
TIH= { (FA) /H:HCACE , Fa€ Tlx},

H={(Ge)/H:HCSBCE, Gg€ 12x }.

Consider hy, ho € H, hy # h2. Then hy , h, € E. Therefore , there exist soft a-open sets

Fa , Gs such that Fa(e1) = X ,Ga(ez) = X and Fa N Ge= § .
Here (Fa) /H € tin, (Ge) / H € 1on
Also ((Fa) / H) (1) = Fa () = X
((Ge)/H) (h2) = Gs (h2) = X and
((Fa)/H) N (Gs)/H)) = (FaN Gg )/ H

= ¢/H

]
-1

Hence (X, T1H, T2H, H) is (SbaW — H)..
Theorem 4.2.8.

Product of two (shaW — H)1 spaces is (sbaW — H):1.
Proof.

Let (X, tix, T2x, E) and {Y, 11y, T2y , K} be two (shaW — H): spaces. Then



(X, t1x, T2x, E) is (saW- H): with respect to t1x or (SaW-H)1 with respect to 12x and
{Y, 1y , 12y , K} is (sSaW-H)1 with respect to 11y or (saW-H)1 with respect to T2y .
From theorem 4.1.7, the product of two (saW-H): spaces is (saW- H):. Hence the
product of two (sbaW — H) spaces is (sbaW — H)x.

Theorem 4.2.9.
Product of two (sbhaW — H)2 spaces is (sbaW — H)..
Proof.
Let (X, T1x, T2x, E) and {Y, t1v, 12y , K} be two (sbaW — H)2 spaces.
Consider two distinct points (e1, k1), (e2, ko) € E x K. Either e1 # e> or ki # ko.

Assume e1 # e2. Since (X, Tix, T2x, E) is (sbaW — H),, there exist soft a-open sets

Fa € T1x , G € T2x such that Fa(er) = X, Gs(ez) =X and FAN Gg= ¢ .
Here soft a-open sets are FA ® Yk, G @ Yk
(FA ® Yk) (e1, ki) = Fa(e1) x Yk(k1)
= XxY
(G ® Yk) (e2, k2) = Gs (e2) * Yk (k2)
=XxY
If for any (e, k) € (E x K), (FA ® Yk) (e,k) # ¢
= Fa(e) x Yk(K) # ¢
= Fa(e) X Y # ¢
= Fa(e) # ¢
= Gg(e) = ¢
(since Fa N Gg = ¢ = Fa(e) N Ge(e) = ¢)
= Ga(e) x Yk(K) = ¢
= (G ® Yk)(e, k) = ¢
>(FaARY)NGe® Y= .
Assume ki # ko. Since {Y, 11y, T2y, K} is
(sbaW — H)2, there exist soft a-open sets Fa , Gg such that Fa( ki) = Y,Gs( k2) = Y
and Fa N Gg = $



Here soft a- open sets are Xe @ Fa, Xe Q Gg .

(Xe & Fa) (e1, k1) = Xe(e1) x Fa(k)
=XxY

(Xe ® Gg)(e2, k2) = Xe(e2) x Ga(k)
=XxY

If for any (e, k) € E x K, (Xe ® Fa) (e,k) #¢

= Xe(e) x Fa(k) # ¢

= X x Fa(k) # ¢

= Fa(k) # ¢

= Gg(k) = ¢

(SinceFa N Gs = ¢ = Fa(k) N Ga(k) =¢)

= Xe(e) x Ge(k) = ¢

= (Xe @ Ge)(e, k) = ¢

= (Xe ® Fa) N (Xe ® Ge) =

Hence (X X Y, tix @ Ty, Tox @ t2v, Ex K) is (shaW —H)..



CHAPTER -V

SOFT BW- HAUSDORFF AXIOMS IN SOFT BITOPOLOGICAL
SPACES

5.1. Soft BW — Hausdorffness in Soft Topological Spaces

Definition.5.1.1.

A Soft topological space (X, 1, E) is said to be soft BW- Hausdorff space of type
1 denoted by (SBW — H), if for every e1, ez € E, e1 # e there exists soft 3-open sets

Fa, Gg such that Fy(e;) = X, Gg(e,) = Xand Fy N Gg = &.
Theorem.5.1.2.
Soft subspace of a (SBW — H),space is (SBW — H),.

Proof.

Let (X, 1, E) be a(SBW — H), space. Let Y be a non null subset of X. Let
(Y,ty, E) be a soft subspace of (X, 1, E) where ty = {(Fv, E) : (F, E) € 1} is the
relative soft topology on Y. Consider e1, e2€ E, e1 # ez there exists soft B-open sets

Fa ,Gg, such that F5(e;) = X,Gg(e,) = X and F5 N Gg = .
Here (F5)y , (Gg)y are soft B-open sets.

Also (Fp)y (1))=Y N Fa(e1)
=YNX
=Y

(Gp)y (e2)  =YN Ga(e2)
=YNX
=Y
((Fa)y N (Gp)y) (e) = ((Fa N Gply)(e)

=Y N (FaN Gg) (e)

(Fa)y N (Gp)y =¢



Hence (Y,ty, E) is (SBW — H),

Theorem.5.1.3.
Product of two (SBW — H),spaces is (SBW — H);.
Proof.

Let (X, tx, E) and (Y, 1y, K) be two (SBW — H),spaces. Consider two distinct
points (e, ki), (e2, k2) € E x K.
Either e1 # e2 or k1 # ko.
Assume e1 # ex. Since (X, tx, E) is(SBW — H),, there exist soft B-open sets Fa, Gg
such that Fa (e1) = X, Ge(e2) =X and FaN Ge= ¢ .
Here FA® Yk, Ge® Yk are soft 3-open sets
(FA® Yk) (e1, k1) =Fa(e1) x Yk (ki)
=XxY
(Ge® Yk) (2, ko) = Gg(€2) x Yk (K2)
=X xY
If for any (e, k) € (E x K), (FAQ Yk) (e, k) # o
=>Fa(e) X Yk (k) #d
=>Fae) XY #¢
=>Fa(e)# ¢
=Gg(e) = ¢ (since FAN Ge=p=>Fa(e) N Ge(e) =)
=G (e) x Yk(K) =¢
= (Ge® Yk) (e, k) =¢
= (FA® Yk) N (Ge® Yk) =
Assume ki # ko. Since (Y, ty, K) is (SBW — H),, there exist soft B-open sets Fa, Gg,
such that Fa(ki) =Y, Gg(k2) =Yand FANGs=¢.
Here Xe® Fa, Xe® Gg are soft 3-open sets
(Xe® Fa) (e1, k1) =Xe(e1) x Fa (k1)
=XxY
(Xe® Gg)(e2, k2) = Xe (e2) x Gg (k2)
=XxY



If for any (e, k) € E x K, (Xe® Fa) (e, k) # b

=>Xe(e) X Fa(k) # ¢

=>XxFak) #¢

=>Fak) #¢

=G (k) =¢ (Since Fa N Ge = ¢= Fa(k) N G (K) = )
=>Xe(e) x G (k) = ¢

= (Xe® Gs) (e, k) = ¢

= (Xe® Fa) N (Xe® Gs) = §

Hence (X X Y, tx®ty, E x K) is(SBW — H);.

Definition.5.1.4.

A soft topological space (X, 1, E) is said to be soft BW-Hausdorff space of
type 2 denoted by(SBW — H),if for every e1, 2 € E, e1 # e there exists soft $-open

sets Fe, Gg, such that Fe (e1) = X, Ge (e2) = X and Fe N Ge = ¢.
Theorem.5.1.5.

Soft subspace of a(SBW — H),space is(SBW — H),.

Proof.

Let (X, t, E) be a (SBW — H),space. Let Y be a non-null subset of X. Let
(Y, Ty, E) be a soft subspace of (X, 1, E) where ty = { (Fy, E) : (F, E) € 1} is the
relative soft topology on Y. Consider e, ez € E, e1 # ez there exist soft 3-open sets
Fe, Gg, such that Fe (e1) = X, Ge (e2) = X and Fe N Ge = .
Here ((Fe)v, E), ((Ge)v, E) are soft B-open sets.
Also (Fe)y (e1) =Y N Fe(e1)
=YNX
=Y
(Ge)v (e2) =Y N Ge(e2)
=YNX
=Y
((Fe)y N (Ge)y) (e) = (FENGEe)v) (e)



=Y N (FENGE) (e)
=Y N (e)
S ar:
=¢
(FAyN (Ge)y =
Hence (Y, ty, E) is (SBW — H),.

Theorem.5.1.6
Product of two (SBW — H),spaces is(SBW — H),.
Proof.

Let (X, tx, E) and (Y, ty, K) be two (SBW — H),spaces. Consider two distinct
points (ex, k1), (e2, k2) € ExK.
Either e1 #e>or ki #ko.
Assume e1 # e2. Since (X, tx, E) is (SBW — H),, there exist soft 3-open sets Fe ,Ge,
such that Fe (e1) = X, Ge (e2) = X and Fe N Ge = .
Here FE® Yk, GEQ Yk are soft -open sets
(FE® Yk) (e1, k1) = Fe(e1) x Yk (K1)

=XxY
(Ge® Yk) (€2, ko) = Ge (2) * Yk (k2)
=X xY

If for any (e, k) € (ExK), (FEQ Yk) (e, k) # o

= Fe(e) X Yk(k) # b

S>Fe(e)xY#d

> Fe(e) # ¢

= Ge(e) = ¢ (Since FE N GE = ¢= Fa(e) N Ge(e) = b )

= Ge(e) x Yk(k) = ¢

= (Ge® Yk) (e, K)=¢

= (Fe® Yk) N (GE® Yk) =
Similarly, one can prove the case when ki # ka.
Hence (X X Y, 1xQty, E x K) is(SBW — H),.



Definition 5.1.7.

Let (X, 1, E) be a soft topological space and H cE. Then(X, t,,,H) is called
Soft p- subspace of (X, t, E) relative to the parameter set H where t,, = { (Fa)/H: H

< AcE, Fa €t} and (Fa)/H is the restriction map on H.

Theorem 5.1.8.
Soft p-subspace of a (SBW —H)1 space is (SBW-H): .
Proof .
Let (X ,t,E ) be a (SBW —H): space . Let H cE. Let (X ,ty,E) be a soft

p-subspace of (X, t,E) relative to the parameter set H where ty, = {(F5)/H: H cAc

E, FA€ 1} . Consider hy,h, € E. Therefore,there exists soft 3 - open sets Fa ,Gg such

~

that Fa(h1) = X, Ge(h2) = Xand FAN Gg = ¢ .
Here (Fa) /H, (Gg) /H € 1y.
Also((Fa)/ H)(h1) =Fa(hy) =X
((Gg) H) (h2) = Gg (h2) = X and
((Fa)/H)N(GB)/H)) =(FaNGs)/H
= ¢/H
-3
Hence (X, 1y ,H) is (SBW —H):1 .

5.2. Soft B W- Hausdorff space in soft bitopological spaces

Definition 5.2.1..

A soft bitopological space (X, tix, T2x, E) is said to be Soft bi-BW-
Hausdorff space of type 1 or soft BBW- T space of type 1 denoted by (SBBW — H)1
if it is (SBW - H)1 with respect to t1ix or (SBW - H)1 with respect to tx.



Definition 5.2.2.
A soft bitopological space (X, t1x, T2x, E) is said to be Soft bi- BW- Hausdorff
space of type 2 signified by (SBBW — H), if for every e1, e2 € E, e1 # e2 there

occurs soft B -open sets Fa ,Gg such that Fa (e1) =X, Gs(e2) = X andFa N Ge =¢ .

Theorem 5.2.3.
Soft subspace of a (SBBW—H): space is (SBBW — H):.

Proof.

Let (X, t1x, T2x, E) be a (SBBW — H)1 space. Then it is (SBW-H)1 with respect
to tix or (SBW-H): with respect to tox . Let Y be a non vacous subset of X. Let
{Y, 11y, T2y , E} be a soft subspace of (X, t1x, T2x,E) . From the theorem 5.1.2, a soft
subspace of (SBW-H): space is (SBW-H)1. Therefore, {Y, t1y , T2y , E} is (SBW-H)1
with respect to tiy or (SBW-H)1 with respect to t2v. Hence {Y, tiy , T2y , E} IS
(SBBW — H)1.

Theorem 5.2.4.
Soft subspace of a (SBBW — H)2 space is (SBBW — H)z.
Proof .
Let (X, t1x, T2x, E) be a (SBBW — H), space. Let Y be a non null subset of X.
Let {Y, t1v, T2y , E} be a soft subspace of (X, t1x, T2x, E) where
Tiy ={(Fv, E) : (F, E) € 11x} and
T2y = {(Gv, E) : (G, E) € 12x} are said to be the relative topologies on Y.

Consider e1, e2 € E, e1# e2 there occur soft 3 -open sets Fa ,Gg such that

Fa(er) =X, Ge(e2) =Xand FA N Gg = ¢.
Hence also ((Fa )y, E) € iy, ((Gs)y, E) € 12y
Also (Fa)v(e1) =Y N Fa(e)

=YNX

=Y

(Ge)v(e2) =YN G (e2)
=YnNnX
=Y



((Fa)y N Gs)v)(e) =((FaN Gs)v)(e)
=Y N (FaN Gg)(e)

=Y N (e)
=YNo
= ¢
(Fa)y N (Gs)v = ¢
Hence {Y, 11y, T2v, E}is (SB BW — H)2.

Theorem 5.2.5

Product of two (S BW — H)ispaces is (S BW — H)1.
Proof .

Let (X, t1x, T2x, E) and {Y, 11y , 12y , K} be two (SB BW — H): spaces. Then
(X, T1x, T2x, E) is (SP W- H)1 with respect to t1x or (SB W-H)1 with respect to t2x and
{Y, iy, tov, K} is  (SP W-H)1 with respect to t1y or (Sp W-H)1 with respect to oy .
From theorem 5.1.3, the product of two (SB W-H): spaces is (Sp W- H):. Hence the
product of two (S BW — H): spaces is (S BW — H)1.

Theorem 5.2.6
Product of two (Sp BW — H)2 spaces is (S BW — H)z2.
Proof .
Let (X, T1x, T2x, E) and {Y, t1v, 12y , K} be two (S BW — H)2 spaces.

Consider two distinct points (ex, K1), (e2, kz) € E x K. Either e1 # e2 or ki # ka.
Suppose e1 # e2. Since (X, t1x, T2x, E) IS (SB BW — H)y, there exist soft § -open sets
Fa ,Ggsuch that Fa(e1) = X, Gs(e2) =X and (F,A) N (G ,B)= ¢.
Therefore Fa @ Gk with respect to 11x @ t1v, Ge @ Yk € T2x @ T2v
(FA ® Yk) (e1, k1) = Fa(e1) x Yk(ki)

= XxY
(G ® Yk) (e2, k2) = Gs (e2) * Yk (k2)

=XxY



If for any (e, k) € (E x K), (FA ® Yk) (e,K) # ¢

= Fa(e) x Yk(K) £ ¢

>Fale) XY #¢

= Fa(e) #¢

= Gg(e) = ¢

(since Fa N Gg = ¢ = Fa(e) N Ge(e) = ¢)

= Ge(e) X Yk(k)= ¢

= (G ® Yk) (&, k) = ¢

= (FaA ®Y)NGs®YK) = ¢.

Assume ki # ko. Since {Y, 11y , 2y , K} is (S BW — H)2, there exist soft  -open sets
Fa ,Ggsuch that Fa(ki) = X, Ga (k) =X and FANGg = ¢.
Therefore Xe @ Fa € tix @ 11y, Xe ®Gg € Tax ® T2y

(Xe ® Fa) (61, k1) = Xe (€1) x Fa (k)
=X xY
(Xe ® Gs) (e2, k2) = Xe (e2) x G (k2)
=X xY
If for any (e, k)€ E x K, (Xe & Fa)(e, K) #¢
= Xe(e) x Fa(k) # ¢
= X x Fa(k) # ¢
=>Fa(k) # ¢
= Gg(k) = ¢
(Since Fa NG = ¢ = Fa(k) N Ga(k) =)
= Xe(e) x Ge(k) = ¢
= (Xe ® Gs) (&, K) = ¢
= (Xe ® Fa) N (Xe ® Go) =
Hence (X ¥ Y, tix ® 11y, 2x @ T2y, Ex K) is (Sp BW —H)..



CHAPTER -VI
PRE W — HAUSDORFF AXIOMS IN SOFT BITOPOLOGICAL SPACES
6.1. Pre W- Hausdorffness in Soft Topological Spaces

Definition 6.1.1.
Let Fa be any soft set of a soft topological space (X, t,E ) then Fais called
i) Fasoft pre —open set of X if Fa € int (cl(Fa) and
ii) Fasoft pre — Closed set of X if Fa2 int (cl(Fa) .
Definition 6.1.2.
A soft topological space (X, t,E ) is said to be Soft Pre -W- Hausdorff space
of type 1 denoted by (PSW —H): if for every e1 , e> € E, e1 # €2 ,there exists soft pre-

open sets Fa Gg such that Fa(e1 ) =X, Gg(e2) =Xand FAN Gg =¢ .
Theorem 6.1.3.

Soft subspace of a (PSW-H); space is (PSW-H): .

Proof.

Let (X, 7, E) be a (PSW-H)1 space. Let Y be a non null subset of X. Let (Y, 1y, E)
be a soft subspace of X. Let (X, 1, E) where 1y = {(Fv, E) : (F, E) € 1} is the relative
soft topology on Y. Consider e1, e2 € E, e1 # ez there exists soft pre - open sets Fa ,Gg,
such that

Fa(e1) = X, Ge(e2) = X
Here (Fa)y , (Ge)y are soft pre — open sets .
Also (Fa)y (e1) =Y N Fa(e1)

=YNX

=Y

(Ge)y(e2) =Y N Gg(e2)



=YNX
=Y
((Fa)y N (Ge)v) (e) = ((FAN GB)v )(e)

=YN(FaNGg) (e)
=Y No(e)
=¢
(FAv N (Ge)y = ¢
Hence (Y, 1y, E) is (PSW — H): .
Theorem 6.1.4.
Product of two (PSW-H): spaces is (PSW-H)x.
Proof.

Let (X, 1,.E) and (Y, 1y ,K) be two spaces. Consider two distinct points (e1, k1),
(e2, ko) EE X K.
Either e1 # e2 or k1 # ko.
Assume ey # ez. Since (X, t,, E) is (PSW-H)s, there exist pre -soft open sets Fa, Gs

~

such that Fa (e1) =X, Gg(e2) =X and FaN Gg= ¢ .
Here FA® Yk, Ge ® Yk are soft pre - open sets
(FA ® Yk) (e1, ki) =Fa(e1) x Yk(ki)
=XxY
(Gs & Yk) (62, k) =Gg(e2) x Yk (k2)
=XxY
If for any (e, k) € (E xK), (FA ® Yk) (e, k) # ¢
=>Fa(e) x Yk (k) # ¢
=>Fa(e) X Y # ¢



=Fa(e) # ¢
=Gg(e)=¢ (sinceFANGe=¢ =Fa(e) NGe(e)=9¢)
= Ga(e) x Yk (k) = ¢
= (Ge® Yk) (e, k) = ¢
= (Fa® Yk) N (Ge ® Yk) = ¢
Assume k1 # k. Since (Y, 1y, K) is (PSW-H)1, there exist soft pre -open sets Fa, Gg,

such that Fa(ki1) =Y, Ge(k2)=Yand FANGeg= ¢ .
Here Xe ® Fa, Xe ® Gg are soft pre - open sets
(Xe @ Fa) (e1, k1) = Xe(e1) x Fa(ki)
=X xY
(Xe @ Gg) (e2, k2) = Xe (e2) x Gg (k2)
=XxY
If for any (e, k) e E x K, (Xe @ Fa) (e, k) # ¢
= Xe(e) X Fa(k) # ¢
= XxFak) #¢
SFa(k) # ¢

=Gg(k) = ¢ (Since FAN Gs = ¢ = Fa(k) N Ge (k) = )
=(Xe)(€) x G (k) = ¢
= (XE ® GB) (e! k) = (I)

=>Xe ® Fa) N (Xe ® Gg) = ¢
Hence (X x Y, tx @ 1y, E x K) is (PSW-H): .
Definition 6.1.5.

A soft topological space (X, 1, E) is said to be Soft Pre-W-Hausdorff space of
type 2 denoted by (PSW-H). if for every e1, e2 € E, e1 # ez there exists soft pre-open

sets Fe, Ge such that Fe(e1) = X, Ge(e2) =X and FeN Ge = ¢



Theorem 6.1.6.
Soft subspace of a (PSW-H)2space is (PSW-H)..
Proof.

Let (X, 1, E) be a (PSW-H)2 space. Let Y be a non-null subset of X. Let (Y, 1y,
E) be a soft subspace of (X, 1, E) where 1y = { (Fv, E) : (F, E) € 1} is the relative soft
topology on Y. Consider e1, e2 € E, e1 # e there exist soft pre-open sets Fg, Gg, such
that Fe (e1) =X, Ge(e2) = X and FEN Ge =¢ .
Here ((Fe)v, E), ((Ge)v, E) are soft pre-open sets.
Also (Fe)y (e1) =Y N Fe(e1)
=YNX
=Y
(Ge)v(e2) =Y N Ge(e)
=YNX
=Y
((FE)y N (Ge)y) () = ((FENGE)Y) ()
=Y N (FeNGe) (e)
=YN¢ (e)
=YN ¢
= ¢
(Fa)vN (Ge)y = ¢
Hence (Y, 1y, E) is (PSW-H):

Theorem 6.1.7.

Product of two (PSW-H)2spaces is (PSW-H)2.



Proof.

Let (X, t©x, E) and (Y, 1y, K) be two (PSW-H)> spaces. Consider two distinct
points (e1, k1), (€2, ko) € ExK.

Either ei1 #e20r ki # ko.
Assume e1 # ex. Since (X, tx, E) is (sgW-H)2 , there exist soft pre -open sets Fg,Ge,

such that Fe(e1) =X, Ge(e2) = Xand Fe N Ge=¢ .
Here FEQ® Yk, Ge ® Yk are soft pre-open sets
(FE @ Yk) (e1, k1) =Fe(e1) x Yk (ki)
=XxY
(Ge ® Yk) (e2, ko) = Ge(e2) x Yk (k2)
=XxY
If for any (e, k) € (ExK), (FE ® Yk) (e, k) # ¢
= Fe(e) X Yk (k) # ¢
=>Fe(e) x Y # ¢
= Fe(e)# ¢
= Ge(e) = ¢ (Since FENGe= ¢ = Fa(e) N Ge(€) =¢)
= Ge(e) x Y (k) = ¢
= (Ge ® Yk) (e,K) = ¢
= (Fe ® Yx) N (Ge ® Y) = ¢
Similarly, one can prove the case when ki # ka.
Hence (X xX Y, 1x @ 1y, E x K) is (PSW-H)>.

Definition 6.1.8.

Let (X, 1, E) be a soft topological space and H cE. Then(X, t,,,H) is called
Soft p- subspace of (X, 1, E) relative to the parameter set H where t,, = { (Fa) /H: H

< AcE, Fa €t} and (Fa)/H is the restriction map on H.

Theorem 6.1.9.
Soft p-subspace of a (PSW —H): space is (PSW-H); .



Proof .
Let (X ,7,E ) be a (PSW —H): space . Let H cE. Let (X ,ty,E) be a soft
p-subspace of (X, ,E) relative to the parameter set H where <t = {(Fa)/H:H cA

cE, FA€ 1t} . Consider hi ,ho € E. Therefore , there exists soft pre -open sets Fa

,Ge such that Fa (h1) =X, Ge(h2) =Xand FaN Geg = ¢ .
Here (Fa) /H, (Gg) /H € 1y.
Also((Fa)/ H)(hy) = Fa(h) =X
((Gg) /H) (h2) = Gg (h2) = Xand
(FA)/H)N(Ge)/H)) =(FANGg)/H
= ¢/H
-3
Hence (X, ty ,H) is (PSW —H)1.

6.2.Pre — W- Haudorff Axiom in Soft Bitopological Spaces
Definition 6.2.1.

A soft bitopological space (X, Tix, T2x, E) is said to be Soft bi Pre-W-
Hausdorff space of type 1 denoted by (PBSW — H). if it is (PSW - H)1 with respect
to t1x or (PSW - H)1 with respect to t2x.

Definition 6.2.2.
A soft bitopological space (X, Tix, t2x, E) is said to be Soft bi Pre-W-
Hausdorff space of type 2 denoted by (PBSW — H) if for every e1, e2 € E, e1 # e

there exist soft pre-open sets Fa with respect to 11x , Gg with respect to 12x such that

Fa(e1) =X, Gg(e2) =X andFa N Ge =¢.

Theorem 6.2.3.
Soft subspace of a (PBSW— H)1 space is (PBSW — H);.

Proof.
Let (X, t1x, T2x, E) be a (PSW — H)1 space. Then it is (PSW-H): with respect to
Tix Oor (PSW-H): with respect to tox . Let Y be a non null subset of X.Let



{Y, 11y, T2y , E} be a soft subspace of (X, t1x, T2x,E) . From the theorem 6.1.3, a soft
subspace of (PSW-H): space is (PSW-H)1. Therefore, {Y,t1v , T2y , E} is (PSW-H).
with respect to 11y or (PSW-H)1 with respect to t2v. Hence {Y, Ty , T2y , E} IS
(PBSW — H)x1.

Theorem 6.2.4.

Soft subspace of a (PBSW — H)2 space is (PBSW — H)z.

Proof .
Let (X, t1x, T2x, E) be a (PBSW — H)2 space. Let Y be a non null subset of X.
Let {Y, t1v, T2y, E} be a soft subspace of (X, t1x, T2x, E) where
11y = {(Fv, E) : (F, E) € ux} and
12y = {(Gyv, E) : (G, E) € 12x} are said to be the relative topologies on Y.
Consider ei1, e2 € E, e1 # e there exist soft pre-open sets Fa with respect to ti1x , Gs

with respect to tox such that

Fa(er) =X, Gg(e2) =Xand Fa N Gg = ¢
Here ((Fa)vy, E) € iy, ((Ge)v, E) € 12y
Also (Fa)v(e1) =Y N Fa(er)
=Y N X
=Y
(Ge)v(e2) =YN Gg (e2)
=Y NX
=Y
((Fa)y N Ga)v)(e) =((Fan Ga)v)(e)
=Y N (FaN Gs)(e)
=Y N (@
=Y No
=¢
(Fa)v N (Ge)v = ¢
Hence {Y, t1v, 12y, E}is (PBSW — H)a.



Definition 6.2.5.

Let (X, tix, t2x, E) be a soft topological space over X and H € E. Then
{ X, tH, 21, H } is called soft p — subspace of (X, tix, t2x, E) relative to the
parameter set H where tin={ (FA)/H: HS AC E,Fa€ tx} t2v={(Gs)/H: H
CBC E,Geetx}and (Fa)/H, (Ge)/H are the restriction maps on H .

Theorem 6.2.6.
Soft p- subspace of a (PSBW— H)1 space is (PSBW — H)x.
Proof .

Let (X, t1x, T2x, E) be a (PSBW— H): space. Then it is (PSW- H): with respect
to t1x or (PSW- H): with respect to 12x . Let H € E . Let (X, t1n, T2H, H ) be a soft
p- subspace of (X, t1x, T2x, E) relative to the parameter set H. From the theorem 6.1.9,
the soft p- subspace of (PSW- H): space is (PSW- H):. Therefore , the soft p-
subspace of (PBSW— H); is (PSW- H): with respect to tiH or with respect to ToH .
Hence (X, tin, T2, H) is (PBSW — H)s.

Theorem 6.2.7.
Soft p —subspace of a (PSBW — H)2 space is (PSBW — H)> .
Proof .

Let (X, t1x, T2x, E) be a (PSBW — H), space. Let H CE. Let (X, 11n, T2+, H) be a
soft p-subspace of (X, t1x, T2x, E) relative to the parameter set H where
TH={(FA)/H:HCACE, FA€ 1ix},

H={(Ge)/H:HCSBCE, Gg€ 12x }.

Consider hy , h, € H, hy # h2.Then hy , ho € E. Therefore , there exist soft pre -open

sets Fawith respect to t1x , Gs with respect to tox such that Fa(er ) = X, Ge(e2) = X

and FaN Gg= 0.

Here (FA)/H € tin, (Ge) /H € 121

Also ((FA) /H) (1) =Fa(h1) =X



((Gg)/H) (h2) =Gg (h2) =X and
(FA)/H)N(Ge)/H)=(FANGg)/H

= ¢/H

1
-1

Hence (X, T1H, T2H, H) is (PSBW — H),.
Theorem 6.2.8.

Product of two (PSBW — H)1 spaces is (PSBW — H).
Proof .

Let (X, t1x, T2x, E) and {Y, 11y, t2vy , K} be two (PSBW — H); spaces. Then
(X, T1x, T2%, E) iIs (PSW- H)1 with respect to t1x or (PSW-H): with respect to t2x and
{Y, iy , oy , K} is (PSW-H): with respect to t1y or (PSW-H): with respect to T2y .
From theorem 6.1.3, the product of two (PSW-H): spaces is (PSW- H):.Hence the
product of two (PSBW — H); spaces is (PSBW — H)x.

Theorem 6.2.9.
Product of two (PSBW — H)2 spaces is (PSBW — H)..
Proof .
Let (X, T1x, T2x, E) and {Y, t1v, 12y , K} be two (PSBW — H)2 spaces.
Consider two distinct points (e1, K1), (e2, kz) € E x K. Either e1 # e2 or ki # ka.

Assume e1 # e2. Since (X, 11x, T2x, E) is (PSBW — H),, there exist soft pre-open sets

Fa ,Gpgsuch that Fa(e1) = X, Gg(e2) =X and FAN Ge= ¢.
Here soft pre-open sets are Fa ® Yk, G @ Yk
(FA ® Yk) (e1, ki) = Fa(e1) x Yk(kz)
= XxY
(GB ® Yk) (g2, k) = Gg (e2) x Yk (k2)
=XxY
If for any (e, k) € (E x K), (FA @ Yk) (e,k) # ¢



= Fa(e) X Yk(K) # ¢

= Fale) XY £ ¢

= Fa(e) # ¢

= Gs(e) = ¢

(since Fa N Gg = ¢ = Fa(e) N Ge(e) = ¢)

= Ga(e) x Yk(K) = ¢

= (G ® Yk)(e, k) = ¢

= (FaA ®Y)NGs®@YK) = ¢.

Assume ki # ko. Since {Y, 11y , tov , K} is (PSBW — H)., there exist soft pre -open
sets Fa with respect to 11v, Gg with respect to t2v, such that Fa( ki) =Y, Ge(k2) =Y
and FANGs= ¢

Here soft pre - open sets are Xg @ Fa wih respct to tix & 11y, Xe @ Gg with respect

to Tox @ T2y

(Xe ® Fa) (61, K1) = Xe (62) x Fa(ki)
=X xY
(Xe @ Gs)(e2, k2) = Xe(e2) x Ga(kz)
=X xY
If for any (e,k)€ E x K, (Xe @ Fa)(e,k) #4
= Xe(e) x Fa(k) # ¢
= X x Fa(k) # ¢
= Fa(k) # ¢
= Gg(k) = ¢
(Since Fa N Ge = ¢ = Fa(k) N Ga(k) =§)
= Xe(e) x Gg(k) = ¢
= (Xe @ Ge)(e, k) = ¢
= (Xe ® Fa) N (Xe ® Go) =
Hence (X X Y , Tix ® 11y, T2x ® Tav, Ex K) is (PSBW —H)s.



CHAPTER -VII
gW - HAUSDORFF AXIOMS IN SOFT BITOPOLOGICAL SPACES
7.1. gW — Hausdorffness in Soft Topological Spaces

Definition 7.1.1.

A soft set F,is called a Soft generalized closed (soft g-closed) in a soft
topological space (X ,t,E) if cl(F,) =G, whenever F, € Ggand G, is soft open
in X,

Definition 7.1.2.
A soft set F,is called a Soft generalized open (soft g- open) in a soft
topological space (X , t,E) if the relative complement F," is soft g- closed in X .
Equivalently, a soft set F, is called a Soft generalized open set (soft g-open ) in
a soft topological space (X ,t,E ) if and only if F,  int (Gg) whenever F, ¢ Gg
and Ggis soft closed in X .

Definition 7.1.3.
A soft topological space (X, t,E) is said to be Soft gw — Hausdorff space of
type 1 denoted by (sgW —H): if for every e: ,e2 € E, e1 # ez ,there exists soft g-open

~

sets Fa Gg such that Fa(e1 ) =X, Ge(e2) =X and FAN G =¢ .
Theorem 7.1.4.

Soft subspace of a (sgW-H)1 space is (sgW-H): .

Proof.

Let (X, 1, E) be a (sgW-H)1 space. Let Y be a non null subset of X. Let
(Y, 1y, E) be a soft subspace of X. Let (X, 1, E) where 1y = {(Fv, E) : (F, E) € 1} is
the relative soft topology on Y. Consider e1, e2 € E, e1 # e there exists soft g- open
sets Fa ,Gg, such that Fa(er) = X, Gg(e2) = X.

Here (Fa)y , (Ge)y are soft g —open sets .



Also (Fa)y (1) =Y N Fa(e1)
=YNX
=Y
(Ge)v (e2) =Y N Ge(e2)
=YNX
=Y
((Fa)y N (Ge)v) (e) = ((Fa N Gs )v )(e)
=Y N (FaN Gs) ()
=Y o)
= ¢
(Fav N Ge)y =6
Hence (Y, 1y, E) is (SgW — H)1 .
Theorem 7.1.5.
Product of two (sgW-H): spaces is (sgW-H)1.
Proof.

Let (X, t,.E) and (Y, 1y ,K) be two spaces. Consider two distinct points (e,

K1), (e2, ko) € E x K.
Either e1 # e2 or k1 # ko.
Assume e1 # e2. Since (X, t,, E) is (sgW-H)1, there exist g -soft open sets Fa, Gg

~

such that Fa (e1) =X, Ge(e2) =X and FaN Ge= ¢ .
Here FAQ Yk, Ge @ Yk are soft g -open sets

(FA ® Yk) (e1, k1)) =Fa(e1) x Yk (ki)
=XxY



(G ® Yk) (e2, ko) =Gg(e2) x Yk (k2)
=XxY
If for any (e, k) € (E x K), (FA ® Yk) (e, k) # ¢
=>Fa(e) x Yk (k) # ¢
=Fa(@ xY # ¢
=Fa(e)# ¢
=>Gg(e) =¢ (sinceFANGs= ¢ = Fa(e) N Ge(e)=¢ )
= Ga(e) x Yk(K) = ¢
= (Gs® Yk) (e, k)= ¢
= (FA® Yk) N (Gs ® Yk) = ¢
Assume ki # ko. Since (Y, 1y, K) is (sgW-H)1, there exist soft g -open sets Fa, Gg,

such that Fa(k)) =Y,Ge(k)) =Y and FANGg= ¢ .
Here Xe ® Fa, Xe ® Gg are soft g - open sets
(Xe @ Fa) (e1, k1) = Xe(e1) x Fa(k)
=XxY
(Xe ® Gg) (e2, k2) = Xe (e2) x Gg(k2)
=XxY

If for any (e, k) e E x K, (Xe @ Fa) (e, k) # ¢

= Xe(e) X Fa(k) # ¢

= XxFak) #0

SFak) # 0

=Ge (k) = ¢(Since FANGs= ¢ = Fa(k) N Ge (k) = ¢)
= (Xe )(e) x Ge (k) = ¢

= (Xe ® Gs) (e, k) = ¢

= (Xe ® Fa) N (Xe ® G) = &

Hence (X x Y, tx @ 1y, E x K) is (sgW-H)1 .



Definition 7.1.6 .

A soft topological space (X, 1, E) is said to be Soft gwW-Hausdorff space of
type 2 denoted by (sgW-H). if for every e1, e2 € E, e1 # e there exists soft g-open

sets Fe, Ge such that Fe(e1) = X, Ge(e2) = X and FeN Ge = ¢
Theorem 7.1.7.

Soft subspace of a (sgW-H).space is (sgW-H)-.

Proof .

Let (X, 7, E) be a (sgW-H)2 space. Let Y be a non-null subset of X. Let (Y, 1y,
E) be a soft subspace of (X, 1, E) where 1y = { (Fv, E) : (F, E) € 1} is the relative soft

topology on Y. Consider ei, e2 € E, e1 # e there exist soft g-open sets Fe, Gg, such

that Fe (e1) =X, Ge(e2) = Xand FEN Ge=¢..
Here ((Fe)v, E), ((Ge)v, E) are soft g-open sets.
Also (Fe)y (e1) =Y NFe(e1)
=YNX
=Y
(Ge)v(e2) =Y N Ge(er)
=YNX
=Y
((FE)y N (Ge)y) (&) = ((FENGE)Y) ()
=Y N (FeNGe) (e)
=YN§¢ (e)
-YnN ¢
=¢
(Fa)yN (Ge)y = ¢
Hence (Y, 1y, E) is (sgW-H)a.



Theorem 7.1.8.
Product of two (sgW-H)2 spaces is (sgW-H)..
Proof.

Let (X, ©x , E) and (Y, 1y , K) be two (sgW-H). spaces. Consider two distinct
points (e1, k1), (€2, ko) € ExK.

Either e1 #e20r ki £#ko.
Assume e1 # ez. Since (X, tx, E) is (sgW-H). , there exist soft g-open sets Fg,Ge,

such that Fe(e1) =X, Ge(e2) = Xand FE N Ge=¢ .
Here FEQ® Yk, Ge ® Yk are soft g-open sets
(FE ® Yk) (e1, k1) =Fe(e1) x Yk (ki)
=XxY
(Ge ® Yk) (e2, ko) = Ge (e2) x Yk (ko)
=XxY
If for any (e, k) € (ExK), (FE ® Yk) (e, k) # ¢
= Fe(e) x Yk(k) # ¢
>Fe(e)xY#¢
=>Fe(e)# ¢
=Ge(€)=¢  (SinceFENGe= ¢ = Fa(e) N Ge(e) =¢)
= Ge(e) x Y (k) = ¢
= (Ce® Y«) (6,K) = ¢
= (Fe® Y1) N (G ® Yk) = ¢
Similarly, one can prove the case when ki # ka.
Hence (X XY, tx @ 1y, E x K) is (sgW-H)a.



Definition 7.1.9.

Let (X, 1, E) be a soft topological space and H cE. Then(X, t,,,H) is called
Soft p- subspace of (X, t, E) relative to the parameter set H where t,, = { (Fa)/H: H

< AcE, Fa €t} and (Fa)/H is the restriction map on H.

Theorem 7.1.10.
Soft p-subspace of a (sgW —H); space is (sgW-H); .
Proof .
Let (X ,t,E ) be a (sgW —H): space . Let H cE. Let (X ,ty4,E) be a soft
p-subspace of (X, t,E) relative to the parameter set H where <y, = {(F5)/H: H cAc

E, FA€ t} . Consider h; ,h, € E. Therefore,there exists soft g-open sets Fa ,Gg such

~

that Fa(h1) =X, Ge(h2) = Xand FaN Ge = ¢ .
Here (Fa) /H, (Gg) /H € 1y.
Also((Fa)/ H)(h1) = Fa(h1) = X
((Gg) /H) (h2) = Gg (h2) = X and
(FA)/H)N(GB)/H)) =(FANGg)/H
/H

l e

=9
Hence (X, ty ,H) is (sgW —H)1.

7.2. gW — Hausdorff Axiom in Soft Bitopological Spaces

Definition 7.2.1.
A soft bitopological space (X, t1x, T2x, E) is said to be Soft bi gw-Hausdorff

space of type 1 denoted by (sbgW — H)1 if it is (sgW - H): with respect to t1x Or
(sgW - H)1 with respect to t2x.



Definition 7.2.2.
A soft bitopological space (X, t1x, T2x, E) Is said to be Soft bi gW- Hausdorff
space of type 2 denoted by (sbhgW — H). if for every e1, e2 € E, e1 # e> there exist soft

g-open sets Fa with respect to tix , Ge with respect to t2x such that Fa (e1) = X,

Ge(ez) =X andFa N Gs =¢.

Theorem 7.2.3.
Soft subspace of a (sbgW— H)1 space is (sbgW — H)1.

Proof.

Let (X, tT1x, T2x, E) be a (sbgW — H)1 space. Then it is (SgW-H): with respect to
T1x Or (SgW-H)1 with respect to t2x . Let Y be a non null subset of X.
Let {Y, 11y, T2y , E} be a soft subspace of (X, 11x, T2x,E) . From the theorem 7.1.4, a
soft subspace of (sgW-H): space is (sgW-H):1. Therefore, {Y, Ty , T2y , E} is
(sgW-H)1 with respect to t1y or (SgW-H)1 with respect to t2y. Hence {Y, t1v , 12y , E}
is (sbgW — H)1.

Theorem 7.2.4.
Soft subspace of a (sbgW — H)2 space is (sbgW — H)..

Proof .
Let (X, t1x, T2x, E) be a (sbgW — H). space. Let Y be a non null subset of X.
Let {Y, t1v, T2y , E} be a soft subspace of (X, t1x, T2x, E) where
Tiy ={(Fv, E) : (F, E) € t1x} and
T2y = {(Gv, E) : (G, E) € 12x} are said to be the relative topologies on Y.
Consider e1, e2 € E, e1 # e2 there exist soft g-open sets Fa with respect to tix ,

Gg with respect to 12x such that

Fa(er) = X, Ge(e2) = Xand Fa N Gg = ¢
Here ((Fa)v,E) €y, ((Ge)v, E) € T2y
Also (Fa)v(e1) =Y N Fa(e)

=YNX

=Y



(Ge)v(e2) = YN Gg(e2)
=YNX
=Y
((Fa)y N Ge)v)(e) =((Fan Gs)v)(e)
=Y N (FaN Gs )(e)
=Y N (e)
=YN¢o
= ¢
(Fa)y N Ge)y = ¢
Hence {Y, t1v, 12y, E}is (sbgW — H)o.

Definition 7.2.5.
Let (X, Tix, 12x, E) be a soft topological space over X and H € E. Then
{ X, tH, 21, H } is called soft p — subspace of (X, Tix, t2x, E) relative to the
parameter set H where
uH={(FA)/H:HES AC E,Fa€ 11x},
H={(Ge)/H:HESBCS E,Gee x}and (FA)/H, (Gg)/H are the

restriction maps on H .

Theorem 7.2.6.
Soft p- subspace of a (sbgW— H)1 space is (sbgW — H)s.
Proof .

Let (X, t1x, T2x, E) be a (sbgW— H)1 space. Then it is (sgW- H): with respect to
Tix Or (SgW- H)1 with respect to 12x . Let H € E . Let (X, t1H, 20, H ) be a soft
p- subspace of (X, T1x, T2x, E) relative to the parameter set H. From the theorem7.1.10
,the soft p- subspace of (sgW- H): space is (sgW- H)1. Therefore , the soft p-subspace
of (sbgW— H): is (sgW- H): with respect to ti1 or with respect to ton. Hence
(X, t1H, ToH, H ) is (sbgW — H)1.



Theorem 7.2.7.
Soft p —subspace of a (sbgW — H)2 space is (sbgW — H)2 .
Proof .

Let (X, t1x, T2x, E) be a (sbgW — H)2 space. Let H CE. Let (X, 1t1H, T21, H) be a
soft p-subspace of (X, t1x, T2x, E) relative to the parameter set H where
TIH= { (FA) /H:HCACE , Fa€ Tlx},

H={(Ge)/H:HCSBCE, Gg€ 12x }.

Consider hy, h, € H, h1 # h2.Then hy , h2 € E. Therefore , there exist soft g-open sets

Fa with respect to t1x , Ge with respect to T2x such that Fa(e: ) = X, Gg(e2) = X and

FANGs= .
Here (Fa) /H € tin, (Ge) / H € Tan
Also ((Fa) / H) (h1) = Fa () = X
((Ge)/H) (h2) = Gg (h2) = X and
((Fa)/H) N(Gs)/H)) = (FAN Gg ) / H

= ¢/H

1
-1

Hence (X, t1H, T24, H) is (sbgW — H)..
Theorem 7.2.8.

Product of two (sbgW — H)1 spaces is (sbgW — H)z.
Proof .

Let (X, t1x, T2x, E) and {Y, 11y , T2y , K} be two (sbgW — H)1 spaces. Then
(X, T1x, T2x, E) iIs (sgW- H)1 with respect to tix or (SgW-H): with respect to 12x and
{Y, 1y , 12y , K} is (sgW-H)1 with respect to t1y or (sgW-H): with respect to 12y .



From theorem 7.1.5, the product of two (sgW-H): spaces is (sgW- H)i.Hence the
product of two (sbgW — H)1 spaces is (sbgW — H):.

Theorem 7.2.9.
Product of two (sbgW — H)2 spaces is (sbgW — H)..
Proof .
Let (X, T1x, T2x, E) and {Y, 11y, T2y, K} be two (sbgW — H). spaces.
Consider two distinct points (e1, k1), (e2, k) € E x K. Eitherer #e2 or ki # ke.
Assume e1 # ez. Since (X, t1x, T2x, E) IS (SgbW — H)z, there exist soft g-open sets Fa

€ 11x , Gp € Ttax such that Fa(e:) =X, Ge(e2) =X and FANGg= ¢.

Here soft g-open sets are Fa @ Yk with respect to t1x @ t1v, G @ Yk with respect
to Tox @ 12y
(FA ® Yk) (e, k1) Fa(e1) % Yk(ki)

= XxY

(GB ® Yk) (€2, k2) = Gg (e2) * Yk (k2)
=XxY

If for any (e, k) € (E x K), (Fa ® Yk) (k) # ¢

= Fa(e) x Yk(K) # ¢

= Fale) x Y # ¢

= Fale) # ¢

= Ge(e) = ¢

(since Fa N Gg = ¢ = Fa(e) N Ge(e) = ¢)

= Gg(e) X Yk(K) = ¢

= (G ® Yi)(e, k) = ¢

= (FA ®Y)NG® YK) = 0.

Assume ki # ko. Since {Y, t1y, T2y, K} is

(sbgW — H)2 , there exist soft g-open sets Fa with respect to t1y, G with respect to

T2v, such that Fa( ki) =Y, Gs(kz) =Y and Fa N Gg = $



Here soft g - open sets are Xe @ Fa with respect to 11x @ t1v, Xe @ Gg with respect

to Tox @ T2y

(Xe ® Fa) (e1, k1) = Xe(e1) x Fa(ki)
=XxY

(Xe @ Gs)(e2, k) = Xe(e2) x Ga(kz)
=XxY

If for any (e,k)€ E x K, (Xe Q Fa)(e,k) #d

= Xe(e) x Fa(k) £ ¢

= X x Fa(k) # ¢

=>Fak) # ¢

=>Ge(k) = ¢

(Since FANGs = ¢ = Fa(k) N Ga(k) =¢)

= Xe (€) x Gg (K) = ¢

= (Xe ® Ge)(e, k) = ¢

= (Xe ® Fa) N (Xe ® Go) =

Hence (X XY, t1ix @ 11y, T2x & T2v, EX K) is (sbhgW —H)a.



1)
2)
3)
4)
5)

SUMMARY AND CONCLUSION

Soft set theory has become a very good source of research for many

mathematicians of recent years because of its wide range of applicability.

Topological structure of soft sets has been explored in recent years. Ever since
the introduction of Soft topological spaces by Shabir and Naz (2011), several authors
have worked on this concept and the theory of Soft topological spaces has developed
in many directions. In 1963, Kelly, first initiated the concept of bitopological
space.lttangi (2014) introduced the notion of soft bitopological space which defined

over an initial universal set with fixed set of parameters.

In this thesis ,following soft separation axioms in soft bitopological spaces are
studied :

Soft b- Seperation Axioms in soft Bitopological Spaces
Soft aW- Hausdorff axiom in soft Bitopological Spaces
Soft BW- Hausdorff axiom in soft Bitopological Spaces
Soft Pre-W-Hausdorff axiom in Soft Bitopological Spaces.
Soft gW- Hausdorff axiom in soft Bitopological Spaces.

Chapter | deals with fundamental definition and properties regarding soft sets
and soft topological spaces.

Chapter 11 is devoted to the study of separation axioms in soft bitopological
spaces.

Chapter 11 deals with (1,2)* soft b — separation axioms.

New types of Hausdorff Separation axiom called Soft aW-Hausdorff axiom,
Soft BW- Hausdorff axiom , Soft Pre-W-Hausdorff axioms , Soft gw- Hausdorff

axiom both in soft introduced and studied respectively in chapters IV ,V ,VIand VII .

These Hausdorff axioms widen the scope to do further research in the areas like

supra topological spaces, Tri topological Spaces and Smooth topological spaces.
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