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ON SOFT ROUGH PRE OPEN SETS IN SOFT ROUGH
TOPOLOGICAL SPACES

J. RAJALAKSHMI AND DR. R. SELVI

ABSTRACT. The notions of soft rough pre open set, soft rough pre
closed set, soft rough dense set, soft rough sub maximal, soft rough
pre interior and soft rough pre closure are introduced and studied.
We also investigate some related properties of these concepts.

1. Introduction

Rough set was introduced by pawlak[11] in 1982 as a tool to deal
with vagueness and uncertanity of imprecise data. Considerable amount
of works have been done of fundamental results of rough set. Partition
of equivalence relation is the core concept behind pawlaks rough set
theory. In 1999, molodstov[2] established a completely new approach
for modeling uncertainity known as soft set theory and their study on
topological spaces were initiated in the year 2011, by Shabir and Naz[7].
Pre open sets were introduced by mashhour et al.[1] and since then
different topological properties have been defined in the terms of pre-
open sets and investigated by many researchers. In this paper we extend
the notion of pre openess to soft rough sets. We define soft rough pre
open set and soft rough pre closed set and investigated their properties.

2. Preliminaries

DEFINITION 2.1. [9] Let A be a subset of E. A pair(F,A) is called
the Soft Set over X Where ' : A — P(X)definied by F(e) — P(X)
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for all e € A. In other words, F(e) may be considered as the set of
e — apporaozimate element of the soft set (F, A).

DEFINITION 2.2. [11] Let 7 be the collection of soft sets over X, then
T is said to be a soft topology on X if

1. ® and X belong to 7
2. The union of any number of soft sets in 7 belong to 7
3. The intersection of any two soft sets in 7 belongs to 7

The triplet (X,7, E)is called a soft topological space over X.

DEFINITION 2.3. [13] Suppose we have an object set V known as
universe, and an indiscernibility relation S8 C V x V which represents
knowledge about elements of V. We take PR as an equivalence relation
and denote it by9(Y). The pair (V,fR) is called the approximation
space. Let Y be any subset of V. We characterize the set ) with respect
to R.

1. The union of all granules which are entirelly included in the set Y
is called the lower approximation of the set ) with respect to R,
mathematically defined as

Re(V) = Uyep{RD) : R) € YV}

2. The union of all the granules having a non-empty intersection with
the set ) is called the upper approximation of the set ) with
respect to R, mathematically defined as

R (V) = Uyer {RQ) : RO) N Y # 0}

3. The difference between the upper and lower approximations is
called the boundary region of the set ) with respect to 93, math-
ematically defined as

Br(Y) =R(V) —R())

If ®*()Y) = R.(Y) then Y is said to be defined. If R*()) #
R, (), i.e Br(Y) # 0,the set Y is said to be (imprecise) rough set
with respect to R

Note. Throughout this paper we denote a rough set ) by a pair
comparising a lower approximation and upper approximation

Y =R (), R ()

DEFINITION 2.4. [6] Let U be the universe of objects, R be an equiv-
alence relation on U and 7p = {U,0, R.(X),R*(X), Br(X)} where
X CU. tg satisfies the following axioms:

1. @ and U belong to g
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2. The union of elements of any sub collection of 7 is in 7

3. The intersection of the elements of any finite sub collection of 7
isin 7
Tr forms a topology on U called as a rough topology on U with
respect to X. We call (U,rg, X) as a rough topological space.

DEFINITION 2.5. [3] Consider a soft set S = (T,.4) over the universe
V, where A € £ and T is a mapping defined as 7 : A — P(V). Here,
soft approximation space is the pair P = (V,S). Following the soft
approximation space P, we define two operations as follows:
Rp,(V)={veV:Jac Alve T(a) C )|}
Rp*(YV)={veV:JacAveT(a)NY # 0]}
regarding every subset Y C V, two sets Rp,(Y) and Rp*()), which are
called the soft P-lower approximation and soft P-upper approximation
of Y, respectively. In general, we refer to 8p,(Y) and Rp*(Y)as SR-
approximations of ) with respect to P. If Rp, (V) = Rp*(}), then Vis
said to be soft P-definable; otherwise,) is a soft P-rough set. Then,
Bndp = Rp,(Y) — Rp*(Y)is the boundary region. We denote SR-set
(SR-set) Y by a pair comprising SR-lower approximation and SR-upper
approximation Y = (Rp.(Y), Rp*()))

Note. We denote SR sets by soft rough sets

DEFINITION 2.6. [10] Let A = (Rp.(A),Rp*(A)) and B = (Rp.(B),
Rp*(B)) be two arbitrary SR-sets and P = (V, S) be soft approximation
space. Then A is a SR subset of B if Rp,(A) C Rp,(B) and Rp*(A) C
Rp*(B)

DEFINITION 2.7. [10] Let A = (Rp4(A), Rp*(A)) and B = (Rp.(B),
Rp*(B)) be two arbitrary SR-sets and P = (V, S) be soft approximation
space. Then the union of A and B is defined as A U B=(Rp,(A) U
Rp.(B),Rp*(A) URP"(B))

DEFINITION 2.8. [10] Let A = (Rp4(A), Rp*(A)) and B = (Rp.(B),
Rp*(B)) be two arbitrary SR-sets and P = (V, S) be soft approximation
space. Then the intersection of A and B is defined as ANB=(Rp, (A)N
RP*(B)aRP*(A) N RP*(B))

DEFINITION 2.9. [1] Let V be the Universe of discourse, P = (V,S)
be a soft approximation space then, SRtopology is defined as
Tsr(Y) = {V,0,Rp,, Rp,, Bd(Y)}, where Y C V, 75z ()) satisfies the

following axioms:
1. @ and V belong to Tsr())
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2. The union of elements of any sub collection of 75z (Y) is in sz (Y)
3. The intersection of the elements of any finite sub collection of
Tsr(Y) is in Tsr(Y)
T7sr(Y) forms a topology on U called as a soft rough topology
on V with respect to V. We call (V,7sr(Y),€) as a soft rough
topological space.

DEFINITION 2.10. [10] Let (V, 7sr(Y), E) be a SR-topological space.
Any subset A such thatA € 7sgr(A) is said to be SR-open, and any
subsetAis SR-closed if and only if A° € 7sr())

DEFINITION 2.11. [1] Let (V,7sr(X), E) be a soft rough topologial
space with respect to X, where X C V and A C E. The soft rough
interior of A is defined as the union of all soft rough open subsets of A
and it is denoted by SR —int(A). The soft rough closure of A is defined
as the intersecion of all soft rough closed subsets containing A and it is
denoted by SR — cl(A)

REMARK 2.12. [15] scl(G, A) is the smallest soft closed set containing
(G, A) and sint(G, A) is the largest soft open set contained in (G, A).

DEFINITION 2.13. [14] A subset A of X is said to be pre-open (respec-
tively, a-open) if A C Int(CIl(A)) (respectively, A C Int(Cl(IntA))).

DEFINITION 2.14. [8] Let (F, A) be any soft set of a soft topological
space (X, T, F).

1. (F, A)soft pre-open set of X if (F, A)Cint(cl((F,A))) , and

2. (F, A)soft pre-closed set of X if (F, A)Dcl(int((F,A))).

DEFINITION 2.15. [4] A subset (D, A) of soft rough topological space
(V, A, 7)is said to be a soft dense if Scl(D, A) = Vy

DEFINITION 2.16. [4] (V, A, 7) is said to be soft submaximal if each
soft dense subset is soft open.

DEFINITION 2.17. [4] In a soft topological space (V, A, T), a soft set
(G, A) is said to be soft regular open if (G, A) = Sint(5cl(G, A)).

DEFINITION 2.18. [8] Let (X, 7, A) be a soft topological space over X
and (F, A)be a soft set over X. Then:

1. spint(F, A) = U{(O, E) : (O, E)is asoft pre open and (O, E)C(F, A)}
is called preinterior.

2. spcl(F, A) = N{(F, E) : (F, E)is asoft pre closed and (F, A)C(F, E) }is
called preclosure.
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Clearly spint(F, A) is the largest soft pre-open set over Xwhich is con-
tained in(F, A)and spcl(F, A) is the smallest soft pre-closed set over X which
contains (F, A).

3. Some properties of soft rough pre open sets and soft
rough closed sets

Let U be an initial universe, X C U, P(U) be the set of all subsets of
U, E be the set of parameters,A C E, P = (U, S) be the approximation
space in U, (U, 7sr(X), E) be the soft rough topological space with pa-
rameter E, Rp,(X) lower limit and Rp*(X) upper limit of soft rough
topology.

Note.stpcl(X)is soft rough pre closure and stpint(X) is soft rough
pre interior of X’

DEeFINITION 3.1. Let A be any soft rough set of a soft rough topo-
logical space(U, 7sr (X)), E) is called,

1. soft rough pre open set if Aéint(cl(/l))
2. soft rough pre closed set if ADcl(int(A))

EXAMPLE 3.2. Let U = {x1,x2,x3,24} be an initial universe,
E={e1,e2,e3,e4} be the set of parameter and A={ey,eq,e3}C E .Con-
sider the approximation spaceP = (U,S) where S = (F,A) is a soft
set over U given by: F(e1) = {x1,23},F(e2) = {x2},F(e3) = {z4}.
For Y = {z1,x2}, we have Rp,(Y) = {z2} ,Rp*(Y) = {21, 22, 23},and
Bndp(Y) = {x1,z3}. Thustsg(Y) = {U, {0}, {z2}, {x1, x2, x5}, {1, 23} }is
a soft rough topology. Then the collection of SR pre open sets are
{V7 {@}, {xl}’ {1‘2}, {x3}7{x17 .732}, {x% x3}7 {‘rl? .%‘3}, {1‘2, 3, 1'4}, {xlv L2, 1‘3},

{z1, 22, 24}}

DEFINITION 3.3. A subset D of a soft rough topological space
(V,7sr (), E) is said to be soft rough dense set if for all soft rough open
set X in 7gr(Y), DN X # {0}.

EXAMPLE 3.4. U = {1‘1, X2, T3, $4},E:{61, €9, €3, 64} R A:{el, €9, eg}g
E .Consider the approximation spaceP = (V,S) where § = (F, A) over
V given by: F(e1) = {x2,x3},F(e2) = {1},F (e3) = {4} . For Y =
{z1,22}, we have Rp(Y) = {z1} ,Rp(Y) = {1, 22, 23},and Bndp(Y) =
{x9,23}. Thustsr(Y) = {V,0,{x1},{x1,x2, 23}, {x2, z3}}is a soft rough
topology. Let B = {x1,x9,23} C V, BNV = {z1,29,23},BN {x1} =
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{z1}, BN{x1,x9, 23} = {x1, 22,23}, BN {22, 23} = {2, 23}. Then B is
soft rough dense set in a soft rough topological space (V,7sr()), E).

DEFINITION 3.5. Let (U,7sr(Y), E) is said to be a soft rough sub
maximal if each soft rough dense subset is soft rough open.

DEFINITION 3.6. In a soft rough topological space (U,7sr(C), E) a
soft rough set Cis said to be a soft rough regular open if C = int(cl(C)).

REMARK 3.7. {#}and U are always soft rough pre open set and soft
rough pre closed set.

REMARK 3.8. Every soft rough open (soft rough closed) set is soft
rough pre open (Soft rough pre closed) set.
Converse of this remark need not be true.

EXAMPLE 3.9. Let U = {1, 29, x3,24} be an initial universe,
E={e1, e, e3,e4} be the set of parameters and A={ej, e2,e3}C E .Con-
sider the approximation spaceP = (U,S) where S = (F,A) is a soft
set over U given by: F(e1) = {x2,z3},F(e2) = {z1},F(e3) = {z4a} .
For Y = {z1,x2}, we have Rp,(Y) = {z1} ,Rp*(Y) = {1, x2,23},and
Bndp(Y) = {2, z3}. Thustsg(YV) = {U, {0}, {x1},{x1, 22, 23}, {x2, x3} }is
a soft rough topology. Then SR pre open set={U, {0}, {x1}, {z2}, {x3},
{:L'l, :UQ}, {xg, 373}, {xl, 333}, {.%'2, xr3, $4}, {:6'1, 9, .%'3}, {1'1, 9, .%'4}}
From the above example {x1,z2},{x1,x3}, {x2, x3, 24}, {x1, 22,24} are
soft rough pre open but not soft rough open.

REMARK 3.10. If {(X), : @ € I} be a collection of all soft rough pre
open sets, Then

1. Uint(X,)Cint(0X,)

2. Ucl(X,)Cel(0X,)

REMARK 3.11. If X and Y are any two SR-sets in (U, 7sr(C), E)
then U — (XNY) = (U — X)U(U - )

THEOREM 3.12. Arbitrary union of soft rough pre open sets is a soft
rough pre open.

Proof. If {(X),, : @ € I} be a collection of soft rough pre open sets
of a soft rough topological space (U, 7sr(X), E)
Then for each o, X, Cint(cl(X,))
= UX,CU int(cl(X,))
C mt(Ucl( «)) (by Remark 3.10(i))
nt(cl(UX,)) (by Remark 3.10(ii))
ni(

cl(0Xa)) ]

Iﬂl\ﬂ

Therefore, UZX,
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REMARK 3.13. Finite intersection of soft rough pre open sets need
not be a soft rough pre open set.
In Example 3.2, SR pre open set={U, {0}, {z1}, {z2}, {z3}, {z1, 22}, {x2, 23},
{z1, 23}, {x2, x3, 24}, {21, 22, 23}, {21, T2, 24} }
Here {21, z2, x4} and {x2, x3, x4} are soft rough pre open sets but{x, xa, x4}N
{xo, x3, 24} = {x2,24} is not a soft rough pre open set.

THEOREM 3.14. If Xis soft rough pre open set such that YCXCcl()
then Yis also a soft rough pre open set.

Proof. Let YCXCcl(X)Ccl(Y) and & is soft rough pre open, X Cint(cl (X))
Now cl(X)Ccl(Y) = int(cl(X))Cint(cl(Y)) and
= YCXCint(cl(X))Cint(cl(Y))
= YCint(cl(Y)) = Y is soft rough pre open set. O

Note: We shall denote the family of all soft rough pre open sets [soft
rough pre closed sets] of a soft rough topological space(U, 7sr (X), E) by
SRPO(U)[SRPC(U)].

DEFINITION 3.15. Let(U, sz (X), E') be a soft rough topological space
and X be a soft rough set overU.

1. The soft rough pre closure of X is a soft rough set,
stpel(X) = M{S: XC S and S € SRPC(U)}

2. The soft rough pre interior of X is a soft rough set,
stpint(X) = U{S : SC X and S € SRPO(U)}

REMARK 3.16. stpcl(X)is the smallest soft rough pre closed set con-

taining X and stpint(X) is the largest soft rough pre open set contained
in X.

THEOREM 3.17. Let (U, 7sr(X), E) be a soft rough topological space
and X be a soft rough set over U. Then

1. stpel({0}) = {0} and stpcl(U) =U
2. stpint({0}) = {0} and stpint(U) =
3. (stpcl(X))¢ = srpcl(X)°

4. (srpint(X))°¢ = stpint(X)°

U

Proof. Let X be a soft rough set over U.

1. Since {@} and U are soft rough pre closed sets,
stpel({0}) = {0} and stpcl(U) = U.

2. Since {0} and U are soft rough pre open sets,
stpint({0}) = {0} and stpint(U) = U.
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3. (stpel(X))¢ = (N{S: XC S and S € SRPC(U)})*
= 0{(8)°: (8)°C(X)¢ and (S)* € SRPO(U)}
= O[S : S°CX° and 8¢ € SRPO(U)}
= srpint(X)°
4. (sepint(X))¢ = (0{S: SC X and S € SRPO(U)})*
= N{(8) : (X)°C(8)° and (S)° € SRPC(U)}
— A{S8¢: X°CS8° and 8¢ € SRPC(U)}
= stpcl(X)°
O

THEOREM 3.18. Let X be any soft rough set in a soft rough topolog-
ical sapce(U, 7sr(X), E). Then

1. stpcl(X€) = U — stpint(X) and

2. stpint(X€) = U — stpcl(X).

Proof.

1. Let ) be the soft rough pre open in X such that YCX
= Y°DX° By definition 3.15 stpint(X) = U{Y : YC Xand ) €
SRPO(U)}
= stpint(X) = U{Y°: YO X¢ and Y° € SRPC(U)}
=U —n{Y°: YD X¢and Y° € SRPC(U)}
= U — stpcl(X°€)
Hence, stpcl(X€) = U — stpint(X).
2. Let P be the soft rough pre closed in X such that POX
= P°CX° By definition 3.15 stpcl(X) = M{P : P2 X and P €
SRPC(U)}
= stpcl(X) = N{P¢: P°C X¢ and P° € SRPO(U)}
=U — U{P¢:PC X and P¢ € SRPO(U)}
= U — stpint(X°)
Hence, stpint(X¢) = U — stpcl(X).
O

THEOREM 3.19. In a soft rough topological space (U,Tsr(X), E), a
soft rough set X is soft rough pre closed [soft rough pre open] set iff
X = stpel(X) [X = sepint(X)].

Proof. Let X be a soft rough pre closed set in (U, 7sr (X), E). Since
X is a soft rough pre closed set we have by the definition 3.14 X €
{Y:XC Yand Y € SRPC(U)} and XCY implies that X = A{Y :
XC Y and Y € SRPC(U)}, i.e. X = stpcl(X). Conversely suppose
that X = stpcl(X),i.e.X = N{Y : XC Y and Y € SRPC(U)}. This
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implies that X € {Y : XC Y and Y € SRPC(U)}. Hence X is soft
rough pre closed.
Similarly we can prove soft rough pre open sets. O

THEOREM 3.20. Let (U, 7sr(X), E) be a soft rough topological space
and X and Ybe two soft rough set over U, then
1. XCY = sepint(X) C sepint())
XCY = stpcl(X) C stpel(Y)
stpel(XUY) = sepel(X) U stpel(Y)
stpint(XNY) = stpint(X) N sepint())
stpel(XNY) C sepel(X) N stpel(Y)
sepint(XUY) D stpint(X) U stpint())

S Gk L

Proof. 1. By definition 3.15, stpint(X) = U{S : SC X and S €
SRPO(U)} and stpint(Y) = U{T : TC Y and T € SRPO(U)}
Now stpint(X) C X CY = sepint(X) C ).

Since stpint()) is the largest soft rough pre open set contained in
Y, we have stpint()) C Y and hence stpint(X) C stpint()).

2. By definition 3.15 stpcl(X) = NS : XC S and S € SRPC(U)}

and stpel(Y) = T : YC T and T € SRPC(U)}

Since X Cstpcl(X) and YCsepel (V)

= X CY Csepc(Y) = X C stpel(Y)

But stpcl(X) is the smallaest soft rough pre closed set containing
X

Therefore, stpcl(X) C stpel()).

3. Wehave, Y CXUYand Y C XU
By (ii), X € Y = stpcl(X) C stpel(Y)
stpcl(X) C stpel(X U Y)
stpel(Y) C sepel(X U Y)
= stpcl(X) U stpel(Y) C stped(X UY) . .. .. (1)

Now stpcl(X),stpcl(Y) € SRPC(U)

= stpcl(X) U stpel(Y) € SRPC(U)

Then X C stpel(X) and Y C sepel(Y)

= X U Y C stpel(X) U stpel(Y)

Le., stpcl(X) U stpcl(Y)is a soft rough pre closed set containing
X U Y. But, stpcl(X U)) is the largest soft rough pre closed set
containing X U V.

Hence stpcl(X U Y) C sepel(X) U sepcl(Y) . . . . . (2)

By (1) and (2) , stpcl(X U Y) = srpel(X) U sepcl(Y).

4. We have, XﬂyCXandXﬂyéy
By(i), XCY = stpint(X) C stpint())
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stpint(XNY) C stpint(X) and stpint(XNY) C stpint(Y)
stpint(XNY) C stpint(X) N stpint(Y) . . . . . (3)
Now stpint(X) , stpint()y) € SRPO(U)
= srpint(X) N stpint()y) € SRPO(U)
Then stpint(X) C X and stpint(Y) C Y
= stpint(X) N stpint(Y) C XNY
Le., stpint(X) N stpint()) is a soft preopen set contained in
XNY. But, stpint(XNY) is the largest soft preopen set contained
in XNY.
Hence stpint(X) N stpint(Y) C stpint(XNY) . . . . . (4)
By (3) and (4), stpint(X) N stpint(Y) = srpint(XNY)
5. We have, Y N Y C Xand X NY CY
= stpcl(XNY) C stpel(X) and stpel(XNY) C stpel(Y)
= stpcl(XNY) C stpel(X) N sepel(Y)
6. We have, ¥ C X UYand Y C X 0O )Y
= stpint(X) C stpint(XUY) and stpint()) C stpint(XUY)
stpint(X) U stpint(Y) C stpint(XUY)
O

THEOREM 3.21. Every soft rough dense is a soft rough pre open set.

Proof. The proof follows from the definition 3.1 and 3.3. ]
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