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INTRODUCTION

Soft set is parametrized general mathematical tools which deal
with a collection of approximate descriptions of objects. In
1999, Russian researcher Molodtsov [14] introduced the
concept of a soft set as a new approach for modeling
uncertainties. In 2011, Shabir and Naz [15] initiated the study
of soft topology. Cagmen et al[16] defined basic notions and
concepts of soft topological spaces such as soft open and soft
closd sets, soft interior, soft closure, soft basis, soft
neighbourhood of a point, soft limit point of a soft set , soft
difference and soft compliment. Also they established several
properties of these notions. 1n 1982, A.S. Mashhour et al [11]
have defined the notion of preopen sets in general topology.
The concepts of preclosure and preinterior of a set are also due
to A.S.Mashhour et al[12]. Navalagi[23] , in 2002, has defined
preneighbourhoods, pre-interior point , pre-limit point, pre
derived set and prefrontier of a set. G.Navalgi proved some
results on preopen and preclosed sets. Also she defined pre-
exterior of a set and studied some of its properties. Mrudula
Ravindran[24] introduced soft preopen sets and proved some
of its properties. In this paper further results on soft preopen
sets and soft preclosed sets are characterized.

Preliminaries
Definitionl ([14])

Let U be aninitial universe set and E be the set of parameters
.Let P (U) denotes the power set of U and AN C E. A pair (F,
A) is called a soft set over U, where F is a mapping given by
F:A-P(U).

In other words, a soft set over U is a parametrized family of
subsets of the universe U.

Definition 2([15])

Let T be a collection of soft sets over a universe U and A be a
non-empty subset

Of the set of parameters E, then T is said to be a soft topology
onU if

* Corresponding author: Mrudula Ravindran

1. The null soft set (f ,A) and absolute soft set (U,A)

belong to t

2. The union of any number of soft sets in T belongs to T

3. Theintersection of any two soft sets in T belongs to T.

4. Thetriplet (U,T ,A) is called soft topological space over
U. The members of T are called soft open setsin U and
complements of them are called soft closed setsin U.

Definition 3 (Cartesian product of two soft sets) [26]

Let (F, A) and (G,B) be two soft sets over a common universe
U , then the cartesian product of these two soft sets is denoted
by (F, A)x(G, B) and is defined by (F, A)x(G,B) = (H, AxB)
where H(a,b) = F(a)xG(b).

Definition 4([22])

Let (U, A,t ) be a soft topological space and let (G,A) be a
soft set . Then

l. The soft closure of (G,A) isthe soft set

1. scl(G,A) =N{(SA): (SA) is soft closed and
(GA)C (SA)

1. The soft interior of (G,A) is the soft set
Sint(G,A)=U(sa)(sa) is soft open and
(SA)C (GA)}

Definition 5([24]) Soft preopen sets

In a soft topological space (U, A, 1), asoft set

l. (G, A) is said to be soft preopen set if (G, A)
c Sint(3cl(G, A))

. (F, A) is said to be soft preclosed set if (F, A)
5 3cl(Sint(F, A))

A soft preclosed set is nothing but the complement of a soft
preopen set
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Definition 6(soft preinterior) ([24])

Let (U, A,1 ) be asoft space over U. Then the soft preinterior
of the soft set (F, A) over U isdenoted by Spint(F, A) and

defind as the union of all the soft preopen sets contained in (F,
A).

Definition 7(soft preclosure) ([24])

Let (U, A,1 ) be a soft space over U. Then the soft preclosure
of the soft set (F, A) over U is denoted by §pC|(F,A) and

defined as the intersection of all soft preclosed sets contained
in(F, A).

Theorem 1 ([24])

Let (U, A,t ) beasoft topological space and (G,A) and (K,A)
be two soft sets over U. Then,

(i)(G,A) c (K, A) = spint(G, A) c spint(K, A)
(”)(G,A) c (K, A) = spcl (G, A) C spcl (K, A)

(i SPC (G, A) U(K, A) = Spdl (G, A) USpcl (K, A)
i) Spint((G, A) N (K, A)) = Spint(G, A) N Spint(K, A)

) SPA (G AN (K, A) E 3pd (G, AN el (K, A)
(Vi)'épint((G,A)D(K,A)) S 3pint(G, A) U Spint(K, A)
Definition 8 (soft pre-neighbour hood)

In a soft topological space (U, A, ), asoft set (F, A) is called
a soft pre-neighbourhood of the soft point e e (U, A)if
there exists a soft preopen set (H, A) such that e € (HA)
c (FA)

Theorem 2

For soft sets (F, A) and (G,A) over a common universe U we
have

spint((F,A) - (G, A) c

spint(F, A) — spint(G, A)

Pr oof

Let e, € Spint((F, A) — (G, A)) which implies that there

exists a soft pre-neighbourhood (H,A) of e such that (H,A)
E (FA) ~(GA) & (FA). From this we get (H, A) (] (GA)

=(f A).

Hencee, ¢ Spint(G, A).

Result 1

spint((F, A) — (G, A)) = spint(F, A) — spint(G, A)
Example 1 [24]

LetU={a b}, A={e,;.e,}. Define

(Fi, A) ={(e 0).(e,.003} (F, A) ={(e 0).(e,.{ah},
(Fs, A) ={(e9).(e, {b})}, (Fi, A ={(e,
9).(e, {a bh)},

(FsiA) :{(el-{a}):(eziq))}’ (FeiA) :{(el,{a}),(ez

{a)},

(F,,A) ={(e{a).(e, {01}, (Fg, A) ={(e;{a)(e,
{a b}h)},

(ngA) :{(el,{b}),( ez-¢)}: (FloyA) :{(el,{b}),( €,
{a)},

(Fu, A) ={(ey {b}).(e, (b))},
e,.{a b})},

(F13’A) :{(el,{a,b}),(ez,q))}, (F14’A) :{(el,{a,b}),(
e, {a})},

(Fis: A) ={(e;{ab}).(e,, {b})},
{ab}).(e, {ab})},

Are all soft setson universal set U under the parameter set A.

t:{(Fl,A),(F5,A),(F7,A),(F8,A),(F16,A)} is a soft
topology over U.

Soft preopen sats are(F, A), (F5, A),(Fs, A, (F,;, A),
(Fe, A (Fia: A) . (Fiuu A) . (Fis, A (Fig, A)

Let (FA) =(F,, A) = {(e,{a}).(e,,{a,b})} and (G.A) =
(F;. A) ={(e..{a}). (e, o})}-

(F,A) and (G,A) are soft preopen sets.

FA-GA) = {(&f) (e, fal))

Spint((F, A) - (G, A) = {(e..f ).(e,.f )}

Spint(F, A) - Spint(G, A) = {(e,. {a}). (e, {a.b})} ~ {(e,. {a}). (e, {b})}
_{ef ) (e )}

spint((F, A) — (G, A)) # spint(F, A) — spint(G, A)

(F2: A ={(ey{bh)(

(Fe: A ={(e

Theorem 3

For soft sets (F,A) and (G,B) we have

Scl((F, A)x (G, B)) = 5cl(F, A) x 3¢l (G, B)
Sint((F, A) x (G, B)) = Sint(F, A) x Sint(G, B)
Pr oof

Let H(ab) € S cl((F,A)x(G,B)) .We will show that F(a) € S
cl((F,A) and G(b) € S cl(G,B)

Let F(@) € (JA) be soft closed in (U,A,t ). Since H(ab) €
(J,A)x(U,B) which is soft closed

(f AxB)# (BAXUB)( (FAX(GB)

= (AN FAXUBN(GB)

=((3A) N (FA)*(G,B) 5

This implies that (JA) N (FA)#(f A) and F@@ €S
cl((F,A) . Similarly we can show that

G(b) € S cl(G,B).

Hence Scl((F, A)x(G,B))E Scl(F, A)xScl(G,B)
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Let H(ab) € Scl((F,A)%(G,B)) . That is F@ € Scl((FA)
and G(b) € S cl(G,B)

If possible assume that H(a,b)% Scl((F,A)x(G,B)) . Then
there exists a soft open set

(U, K%K , ) containing H(ab) and (U, K ;%K , ) (H,AXB)
= (F (K%K ) (AxB))

Ie(UﬂH(K xK )ﬂ(AxB))—(f (K xK )ﬂ(AxB))
ie (U,(K, ﬂA)X(K Ney=(f (Ky ﬂA)X(K Ne)
= either (U,(KlﬂA)) =(f ,(KlﬂA) or (U, (K, ﬂB)):
(F (K, NB)

By the above theorem (U, K ) is soft open and (U, K ,, ) is soft
open. So either F(a) ¢ S cl(F,A) or G(b) %gcl(G,B) which

is a contradiction to the hypothesis. Hence H (a,b)%§
cl((F,A)x(G,B)).Therefore

Scl(F, A)xScl(G,B) & Scl((F, A)x (G, B))
By similar arguments we can
Sint((F, A)x (G, B))= Sint(F, A)x Sint(G, B)

Theorem 4

show

(F,A) and (G,A) are soft preopen subsets of soft topological
space (U,A,1 ) and (U,B,t ) respectively iff (F,A) x (G,A) =

(H,AxB) where H(a,b) = F(a) x G(b) is soft preopenin
(UAxB,1 ).

Pr oof

(FA) is soft preopen in (UA1L) then (FA)

c 3int(3c(F,A)) and (GB) is soft preopen in (U,B,t )
then (G,B) C Sint(Scl(G, B))

Sint(3cd (F,A)x(G,B))=Sint(3c (F,A)x3d (G,B))
=3int(Scl(F,A))x Sint(3cl(G,B))
i(F,A)x(G,B)Hence (F,A)X(G,B) is soft preopen in
(UAxB,t )

Conversdly, if (F,A)x(G,B) is soft preopen in (U,AxB,t ) then
(FA)X(GB)E Sint(3d (F,A)x (G,B))

= Sint(3cl (F,A)x 5c (G, B))

= Sint(Scl (F, A))x Sint(sdl (G, B))

Then  (FA) & Sint(Scd(F,A))  and
c sint(3d(G,B))

(F,A) and (G,B) are soft preopen

(GB)

Theorem 5

For soft sets (F,A) and (G,B) we have
Spd ((F,A)x(G,B))=Spd (F,A)x Spcl (G,B) and
Spint((F,A)x(G,B))=Spint(F, A)x Spint(G,B)

Pr oof

Let H(ab) € S pcl((F,A)x(G,B)) .We will show that F(a) € S
pcl((F,A) and G(b) € S pcl(G,B)

Let F(a) € (J,A) be soft preopenin (U,A,t ). Since H(ab) €
(J,A)x(U,B) which is soft preopen

(f AxB)# ((JA)X(U,B))( ((FA)X(G,B))

= (AN FEAXUB) N ©B)

=((3A) N (FA)%(G,B) N

This implies that (JA) N (FA)#(f A) and F@@ €S

pcl((F,A) . Similarly we can show that G(b) € S pcl(G,B).
Hence

Spcl((F, A)x (G, B))& spcl(F, A)x Spcl(G, B)
Let H(ab) € S pcl((F,A)x(G,B)) . That is F(@) € S pcl((F.A)
and G(b) € S pcl(G,B)

If possible assume that H(ab) ¢ S pcl((F,A)%(G,B)) . Then
there exists a soft preopen set

(U, K, %K ,) containing H(ab) and (U, K, xK ,) () (H,AXB)
= (F (K xK )N (AxB))

'e(UﬂH(K xK )ﬂ(AXB))—(f (KyxK )ﬂ(AXB))
ie (U(Ky ﬂA)X(K ﬂB))—(f (Ky ﬂA)X(K ﬂB))
= either (U,(KlﬂA)) =(f ,(KlﬂA) or (U, (K, ﬂB))z
(f (K, NB))

By the above theorem (U, K ,) is soft preopen and (U, K , ) is
soft preopen. So either

F(@ & Spcl(FA) or G(b) ¢&Spc(GB) which is a
contradiction to the hypothesis. Hence
H(ab) & S pcl((F,A)x(G,B)) Therefore

Spcl(F, A)xSpcl(G,B) & Spel ((F, A) x (G, B))

By similar arguments we can show
Spint((F, A)x (G, B))= Spint(F, A)x Spint(G, B)
Soft pre-limitpoint

Definition 9

Let (UA,t ) be a soft topological space. A soft element F
:lee is said to be a soft pre-limitpoint of a soft set (F,A)
over U if every soft preopen set containing F :1 contains
atleast one soft element of (F,A) other than F .

Remark 1
The point F; is said to be a soft prelimit point of (F,A) iff for
each soft preopen set (H,A) containing F :1 ,

(H,A) N(F A -F)=(f L A).

Definition 10

The set of all soft pre-limit points of (F,A) is said to be the soft
prederived set of (F,A) and is denoted by §pd (F,A). Also,
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(FA) D S pd(F,A) is soft preclosed iff
spcl(F,A) =(F,A)Uspd(F,A)
Theorem 6

Let{(F,A), :a €1} beany family of soft subsets of (U,A,t ).
it U Spcl (FA), is soft preclosed then U Spcl (FA), =

ael ael

Spal (U(F.A),)

Pr oof

As (FA), C aL;JI (FA),

Therefore Spcl (F.A), & Spdl aEJI (FA),

Wewill show that Spcl (aL:JI (F,A),)E ag. Spcl (F, A),

Lete, & Spcl U(F, A),

acel

Now if possble let eF¢D§pCI(F,A)a.We have

ael

O spcl(F, A), is soft preclosed. Therefore it contains all

ael

its soft pre-limit points and e is not a soft pre-limit point of

D §pCI(F,A)a and therefore there exists a soft pre-

ael

neighbourhood (H, A) of e,
USpcl(F,A), =(f A).

ael

~

such that (H,A) )

This implies that (H,A) N U Spcl(F,A),= (f A) for
ael
everyael.

Therefore (H, A) ﬁ (F A, = (f ,A) for every a€l, a

contradictionto e, € Spcl U(F, A), .

aei

Therefore ~ Spcl (U (F, A),) € U Spdl (F,A), and
ael ael

hence the result.

Soft Pre-Frontier

Definition 11
The set Spcl(F, A)—spint(F, A) is said to be the soft
prefrontier of (F,A) and is denoted by Spfr(F, A)

Theorem 7

Spfr(F, A) = Spcl (F, A)N3pcl (U, A)-(F, A))
Proof

spfr(F, A) = spcl(F, A) — spint(F, A)

le e.e5pfr(F,A) = e.e5pd(F,A) ad e
- & Spint (FA)

ie e, Spcl(F,A) ande, € Spcl((U,A) - (F,A)
Therefore spfr(F,A) =
Spcl(F, A)N3pdl (U, A)-(F, A))

Theorem 8

In general for any soft set (F,A) of (UAT) we have
Spfr(Spfr(F, A)) & Spfr(F.A)

Pr oof

Spfr (Spfr (F, A) = Spol (3pfr (F, A)) 1 3pel (U, A) - Spir (F, A)) & Spcl (Spfr (F, A)) = Spfr (F, A)

As spfr(F, A) issoft preclosed.

Theorem 9

For a soft set (FA) of (UAT) we have
Spfr(Spint(F, A)) E Spfr(F, A) and
Spfr(Spcl(F, A)) & 3pfr(F, A)

Proof

Spfr(Spint(F, A))= Spcl(Spint(F, A))- Spint(Spint(F, A))

= 3pcl(Spint(F, A))—(Spint(F, A))

= spfr(F, A)

Spfr (Spcl (F, A)) = Spcl (Spcl (F, A))- Spint(Spcl (F, A))
=3pcl((F, A))-Spint(Spcl(F, A))

c Spcl(F, A)—3pint(F,A)= Spfr(F,A)

Theorem 10

A soft set (F,A) of (U,A,1 ) is soft preopen iff Spfr(F, A) =
spd (FA).

Pr oof

Let (F,A) be soft preopen. Then Spint(F, A) =(F,A)

Now

spfr(F, A) = spcl(F, A) —spint(F, A) = spcl(F, A) - (F, A
As 3pcl (F, A) = (F, A)USpd(F, A)

So spfr(F,A) =spcl(F,A) - (F,A)

=((F,A)Uspd (F,A))- (F.,A)

=Spd (FA).

Conversely, let Spfr (F, A) = spd (FA).

Thatis Spd(F, A) = spcl (F, A) — spint(F, A)
=(F,A)USpd (F,A))-5pin( F,A)

Hence (F,A)-Spint( F, A) = (f ,A)

Therefore (FA)C Spint(F, A) but
Spint( F,A) & (F,A) and hence (FA) = Spint( F, A)
which shows that (F,A) is preopen.

Soft Pre-Exterior of A Soft Set

Definition 12

Let (U, A,t ) be a softspace over U and (F,A) be a soft set on
U.Ane, e (U,A) issaid to be a soft pre-exterior point of (F,A)
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if e, isapreinterior point of (F,A) ©. That is there exists a soft
open set (G,A) such that An e €(G,A)C (FA)°.The soft
pre-exteior of (F,A) is denoted by SpPExt(F,A). Thus
SpExt(F, A) = spint((U, A) — (F, A)) =Spint(F, A)°.
Theorem 11

If (U, A,t ) be a softspace over U and (F, A) and (G, A) be
two softsets then the following properties hold for the soft pre-
exterior (SpExt) operator but the converses are not true in
general.

(i) (F,A) C (G,A) then SpEXt(G, A) & SpEXt(F, A)

(i)  SpExt((F,A)U(G, A)) & SpExt(F, A) U SpEX(G, A)

(i)  SpEX((F,A)N (G, A)) & SPEX(F, A) 1 SpEX(G, A)

Pr oof

)If (FA)C(GA) then (GA)°E(F,A)°

spint(G, A)° < spint(F, A)°¢
Thisimpliesthat SPEXt(G, A) < SpEXt(F, A)

(ihSince (FA) € (FA) U (GA) and (GA) S (FA) U (GA)

So by () SPEXt((F,A)U(G,A)) & SpEXt(F,A) and

SPEXt((F, A) U (G, A) & SpEXt(G, A)
Therefore

SpEXt((F, A) U(G, A)) & SpEXt(F, A) USpEXt(G, A)

(iiSince (FA) N (GA) & (FA) and (FA) ) (GA) E (GA)
By ()  SpEX(F,A)E SpEXt((F,A)N(G,A))and
SPEXt(G, A) & SpEXt((F, AN (G, A)

Hence
SPEXt((F, A) N (G, A)) & SPExt(F, A) (1 SpEX(G, A)

The following example illustrates the above theorem

and hence

Example 2

From example 1, let U ={a,b} and A = {e,,€,}

(FA) = (F7, A={(e, {a}).(e, {b})} and (GA) =(Fys, A)
={(e, {ab}).(e, .{b})} aretwo soft preopen sets.

Clearly, (F,A) C (G,A)

SPEXt(F, A) ={(e; {b}).(e, {a})}

SPEXY(G, A) = {(e,f ).(e, (@)}

So SPEXt(G, A) c SpExt(F, A)

Converse need not be true.

SpExt((F, A) U (G, A)) = SPEXt {(e, {ab}).(e, {b})}
={(ey f)le, ()}

SPEXt((F, A)U(G, A)) ={(e, {b}).(e, {a)}
SpEXt((F, A) U (G, A)) & SpExt(F, A) U SpEXt(G, A)
SpExt((F, A)N (G, A) = SpExt {(e,.f ).(e, (&)}

= {(e,{b)(e, ()}

SPExt(F, A) N SPEX(G, A) ={(e,.f ).(e, (&)}
SPEXt((F, A) (G, A)) & SPExt(F, A) () SPEX(G, A)
Theorem 12

For soft sets (F, A) and (G,A) of a soft topological space
(U,A,1 ) the following properties hold for the soft pre-exterior
operator

(i) SExt(F,A)c speExt(F,A)

(i) SpEXt(U,A)=(f,A) and SpEXt(f,A)=U,A)

(iiiy SpEXt(F,A) issoft preopen

(iv) SpEXt(F,A)=(U,A)-spcl(F,A)

(v) SpExt(SpExt(F,A)) = spint(spcl(F, A))

(Vi) SpEXt((F,A) U(G, A) = SpEXt(F, A) N SPEXI(G, A)

(vii) SpPExt(F,A) =SpExt((U, A) - SpExt(F, A))

(viii) Spint(F, A)  SpExt(SpEXt(F, A))

(ix) (FA)NSPEXt(F,A) = (f , A)

x) spint(F,A),SpExt(F, A) and
mutually digoint

(i) (UA)=3pint(F,A) USpExt(F,A) U Spfr (F, A)

Proof

(e, EFEX(F, A=6, ESrt(U,A—(F, A)=FinfU, A—(F, A)=HEXF. A

(ii)SpEXt(U, A) = Spint((U, A) — (U, A))

=3Spint(f , A)

=(f .A)

SpEXt(f , A) = Spint((U, A) - (f , A)

=spint(U, A

= (UA)

(iii)SpEXt(F, A) = Spint((U, A) — (F, A)

Therefore SPEXt(F, A) is soft preopen

(iv)SpExt(F, A) = Spint((U, A) - (F, A)) = (U, A) - Spcl (F, A)

(v)SpExt (SpEXt (F,A)) = spint((U,A) —Spcl (F, A)

=spint(( U,A) - ((U,A)-5Spc (F,A))

spfr(F,A) are

=spint(spcl (F, A))

(vi)SPEXt(F, A) (1 SpEXL(G, A) = Spint((U, A) — (F, A)) N Spint((U, A) — (G, A))
E Spint(((U,A) - (F,A)N (U, A)- (G, A))

= Spint((U, A) - (F. A) U (G, A))

=3pExt (F, A)U (G, A))

(F.A) S (FAU (GA) 0
SpExt ((F,A)U (G, A)) E SpExt (F, A)

SpExt (F,A)U (G,A)) E 5pExt (G, A)

SpExt ((F,A)U (G, A)) & SpExt (F,A) N SpExt (G, A)
SpEXt ((F, A) U (G, A)) = SpExt (F, A) ) SpExt (G, A)

Since
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(VispEx{U, A—spintE, A))=spint(U, A—(U, A-spintE, A))
= Spint(SpExt(F, A))

=spint(spint((U, A) — (F, A))
=spint((U, A) - (F, A)

=SpExt(F, A)

(viii) SpExt(F, A) = Spint((U, A) - (F, A)) S (U, A) - (F, A)
We have SpExt((U, A) - (F, A)) & SpExt(SpEXt(F, A))
Thisimplies that SPINt(F, A) & SPEXt(SpEXt(F, A))

(IX)SPEX(F, A) = Spint(U, A — (F, A) E (U, A — (F, A)
Thisimpliesthat (F, A) (1 SpEXt(F, A) = (f , A)

(X)SPEXt(F, A) = spint((U,A) - (F,A) c (U,A) - (F,A)
and

Spint(F, A) E (F, A) = SpExt(F, A) N Spint(F, A) = (f , A)
(xi)SpExt(F,A)=(U,A) -spcl(F, A

= (U, A)- (3pint(F, A) USpfr (F, A))
— (U, A)=3pint(F, A) USpExt(F, A) USpfr (F, A)
CONCLUSION

In this paper soft pre-frontier and soft pre-exterior are defined.
Soft pre-limit point and soft pre-neighbourhood are
established. Some results concerning these are aso
characterized in this paper.The results concerning pre-
interior,pre-frontier and pre-exterior in general topology are
true in soft topology also
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