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Abstract

In this paper, we extend the notions of vy-operation introduced in [12], by
using the soft ideal notions. We introduce the notions of I-open soft sets, pre-I-
open soft sets, a-I-open soft sets, semi-I-open soft sets and B-I-open soft sets
to soft topological spaces. We study the relations between these different types
of subsets of soft topological spaces with soft ideal. We also introduce the con-
cepts of I-continuous soft, pre- -I-continuous soft, a-I-continuous soft, semi-I-
continuous soft and B-I-continuous soft functions and discuss their properties
in detail.

Keywords: Soft set, Soft topological space, Soft interior, Soft closure,
Open soft, Closed soft, y-operation, I- open soft sets, Pre- I-open soft sets, a-I-
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1 Introduction

The concept of soft sets was first introduced by Molodtsov [23] in 1999 as
a general mathematical tool for dealing with uncertain objects. In [23, 24|,
Molodtsov successfully applied the soft theory in several directions, such as
smoothness of functions, game theory, operations research, Riemann integra-
tion, Perron integration, probability, theory of measurement, and so on.

After presentation of the operations of soft sets [20], the properties and applica-
tions of soft set theory have been studied increasingly [4, 16, 24, 26]. In recent
years, many interesting applications of soft set theory have been expanded by
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embedding the ideas of fuzzy sets [1, 3, 5, 8, 18, 19, 20, 21, 24, 25, 27, 32].
To develop soft set theory, the operations of the soft sets are redefined and a
uni-int decision making method was constructed by using these new operations
9].

Recently, in 2011, Shabir and Naz [28] initiated the study of soft topological
spaces. They defined soft topology on the collection 7 of soft sets over X. Con-
sequently, they defined basic notions of soft topological spaces such as open
soft and closed soft sets, soft subspace, soft closure, soft nbd of a point, soft
separation axioms, soft regular spaces and soft normal spaces and established
their several properties. Hussain and Ahmad [11] investigated the properties
of open (closed) soft, soft nbd and soft closure. They also defined and dis-
cussed the properties of soft interior, soft exterior and soft boundary which
are fundamental for further research on soft topology and will strengthen the
foundations of the theory of soft topological spaces. Min in [22] investigate
some properties of these soft separation axioms mentioned in [28]. Banu and
Halis in [7] studied some properties of soft Hausdorff space. Kandil et al.[12]
introduced a unification of some types of different kinds of subsets of soft
topological spaces using the notions of v-operation. The notion of soft ideal
is initiated for the first time by Kandil et al.[13]. They also introduced the
concept of soft local function. These concepts are discussed with a view to find
new soft topologies from the original one, called soft topological spaces with
soft ideal (X, 1, E, I ). In this paper we extend these different types of subsets
to soft topological spaces with soft ideal.

2 Preliminaries

In this section, we present the basic definitions and results of soft set theory
which will be needed in the sequel.

Definition 2.1 [23] Let X be an initial universe and E be a set of param-
eters. Let P(X) denote the power set of X and A be a non-empty subset of E.
A pair (F, A) denoted by Fa 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 a parametrized
family of subsets of the universe X. For a particular e € A , F(e) may be con-
sidered the set of e-approzimate elements of the soft set (F,A) and if e € A,
then F(e) = ¢ i.e
Fi={F(e):e€c ACE, F:A— P(X)}. The family of all these soft sets
over X denoted by SS(X)a.

Definition 2.2 [20] Let Fy, Gg € SS(X)g. Then Fy is soft subset of Gp,
denoted by F,CGp, iof

(1) AC B, and
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(2) F(e) CGle), Ve e A.

In this case, Fa is said to be a soft subset of Gg and Gp is said to be a soft
superset of Fa, GO F4.

Definition 2.3 [20] Two soft subset Fy and Gp over a common universe
set X are said to be soft equal if Fa is a soft subset of Gg and Gg is a soft
subset of Fa.

Definition 2.4 [/] The complement of a soft set (F, A), denoted by (F, A)’,
is defined by (F,A) = (F',A), F' : A — P(X) is a mapping given by F'(e) =
X — F(e), Ye € A and F' is called the soft complement function of F'.
Clearly (F') is the same as F and ((F,A)") = (F, A).

Definition 2.5 [28] The difference of two soft sets (F, E) and (G, E) over
the common universe X, denoted by (F, E)—(G, E) is the soft set (H, E) where
foralle € E, H(e) = F(e) — G(e).

Definition 2.6 /28] Let (F, E) be a soft set over X and v € X. We say
that x € (F, E) read as x belongs to the soft set (F, E) whenever x € F(e) for
alle € E.

Definition 2.7 [20] A soft set (F, A) over X is said to be a NULL soft set
denoted by ¢ or ¢4 if for alle € A, F(e) = ¢ (null set).

Definition 2.8 [20] A soft set (F, A) over X is said to be an absolute soft
set denoted by A or X, if for alle € A, F(e) = X. Clearly we have X'y = ¢4
and ¢’y = Xa.

Definition 2.9 [20] The union of two soft sets (F, A) and (G, B) over the
common universe X is the soft set (H,C'), where C' = AUB and for all e € C,
F(e), ee A— B,
H(e) =¢ G(e), e€c B— A,
F(e)UG(e), e€c ANB

Definition 2.10 [20] The intersection of two soft sets (F, A) and (G, B)
over the common universe X is the soft set (H,C'), where C = AN B and for
alle € C, H(e) = F(e) N G(e). Note that, in order to efficiently discuss, we

consider only soft sets (F, E) over a universe X with the same set of parameter
E. We denote the family of these soft sets by SS(X)g.

Definition 2.11 [33] Let I be an arbitrary indezed set and L = {(F;, E),i €
I} be a subfamily of SS(X)g.
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(1) The union of L is the soft set (H, E), where H(e) = U;e; Fi(e) for each
ec E . We write Uye;(Fi, E) = (H, E).

(2) The intersection of L is the soft set (M, E), where M(e) = N;; Fi(e) for
each e € E . We write N1 (F;, E) = (M, E).

Definition 2.12 [28] Let 7 be a collection of soft sets over a universe X

with a fized set of parameters E, then 7 C SS(X)g is called a soft topology on
X if

(1) X,p €1, where ¢(e) = ¢ and X(e) = X, Ve € E,
(2) the union of any number of soft sets in T belongs to T,
(3) the intersection of any two soft sets in T belongs to T.

The triplet (X, 1, E) is called a soft topological space over X .

Definition 2.13 [28] Let (X, T, E) be a soft topological space and (F, A) €
SS(X)g. The soft closure of (F, A), denoted by cl(F, A) is the intersection of
all closed soft super sets of (F, A). Clearly cl(F, A) is the smallest closed soft
set over X which contains (F, A) i.e

cl(F,A) =N {(H,C) : (H,C) is closed soft set and (F, A)C(H,C)}).

Definition 2.14 [33] Let (X, T, E) be a soft topological space and (F, A) €
SS(X)g. The soft interior of (G, B), denoted by int(G, B) is the union of all
open soft subsets of (G, B). Clearly int(G, B) is the largest open soft set over
X which contained in (G, B) i.e
int(G, B) = U{(H,C) : (H,C) is an open soft set and (H,C)C(G, B)}).

Definition 2.15 [33] The soft set (F,E) € SS(X)g is called a soft point
in Xg if there exist x € X and e € E such that F(e) = {x} and F(e') = ¢ for
each ¢ € E — {e}, and the soft point (F, F) is denoted by x..

Proposition 2.16 [29] The union of any collection of soft points can be
considered as a soft set and every soft set can be expressed as union of all soft
points belonging to it.

Definition 2.17 [33] A soft set (G, E) in a soft topological space (X, T, E)

is called a soft neighborhood (briefly: nbd) of the soft point x.€Xg if there
exists an open soft set (H, E) such that x,E(H, E)C(G, E).
A soft set (G, E) in a soft topological space (X, 7, E) is called a soft neigh-
borhood of the soft (F,E) if there exists an open soft set (H,E) such that
(F,E)é(H,E)C(G, E). The neighborhood system of a soft point x., denoted
by Ny ().
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Theorem 2.18 [30] Let (X, T, E) be a soft topological space. For any soft
point ., x.Ecl(F,A) if and only if each soft neighborhood of x. intersects
(F,A).

Definition 2.19 /2] Let SS(X)a and SS(Y')p be families of soft sets, u :
X =Y andp: A — B be mappings. Let fp, : SS(X)a — SS(Y)p be a
mapping. Then;

(1) If (F,A) € SS(X)a. Then the image of (F,A) under fp,,, written as
fou(FyA) = (fou(F),p(A)), ts a soft set in SS(Y')p such that

_ | Usep1pna w(F(a)), p'(D)NA# 0,
Jru(F)(D) _{ o, et otherwise.
forallb e B.

(2) Let (G,B) € SS(Y)p. The inverse image of (G, B) under f,,, written as
fp_ul(G, B) = (fp_ul(G),p_l(B)), is a soft set in SS(X)a such that
£UG)(a) = u=(G(p(a))), p(a) € B,

pu T 9, otherwise.

for all a € A.

The soft function fp, is called surjective if p and w are surjective, also is said
to be injective if p and u are injective.

Definition 2.20 [33] Let (X, 11, A) and (Y, 9, B) be soft topological spaces
and fp, : SS(X)a — SS(Y)p be a function. Then

(1) The function fy, is called continuous soft (cts-soft) if f,,'(G,B) € 1 V (G, B)
€ To.

(2) The function f,, is called open soft if fu (G, A) € YV (G, A) € 1.

Definition 2.21 [10]. A non-empty collection I of subsets of a set X is
called an ideal on X, if it satisfies the following conditions

(1) AclandBel=AUBel,
(2) Acl and BC A= Bel,

i.e. I 1s closed under finite unions and subsets.

Definition 2.22 [13/ Let I be a non-null collection of soft sets over a uni-
verse X with a fized set of parameters E, then I C SS(X)g is called a
soft ideal on X with a fixed set E if

(1) (F,E)e I and (G,E) € I = (F,E)U(G,E) € I,
(2) (F.E) eI and (G,E)C(F,E) = (G,E) e,

i.e. I is closed under finite soft unions and soft subsets.
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Definition 2.23 [13] Let (X, 7, E) be a soft topological space and I be a
soft ideal over X with the same set of parameters E. Then

(F,E)*(I,7) (orF%) = O{z. € e : O,.,N\(F,E)¢IV O,, €1}

is called the soft local function of (F, E) with respect to I and 7, where Oy, is
a T-open soft set containing x..

Theorem 2.24 [13] Let (X, 7, E) be a soft topological space and I be a soft
1deal over X with the same set of parameters E. Then the soft closure operator
c* : SS(X)g — SS(X)g defined by:

c*(F,E) = (F, E)J(F, E)*. (1)

satisfies Kuratwski’s axioms.

Definition 2.25 [1/] A soft set Fp € SS(X, E) is called supra generalized
closed soft with respect to a soft ideal I (supra Lg-closed soft) n a supra soft
topological space (X, p, E) if cl*Fg \ Gg € I whenever FpCGp and Gg € L.

3 Subsets of Soft Topological Spaces via Soft
Ideal

In this section we extend some special subsets of a soft topological space
(X, 7, E) mentioned in [12] in a soft topological space with soft ideal (X, 7, E, I).
In any soft topological space with soft ideal (X, 7, E, I ) we introduce an oper-
ator v generalizing these previous kinds of open soft sets.

Definition 3.1 Let (X, 7, E _f) be a soft topological space with soft ideal and
(F,E) € SS(X)g. Then (F,E) is called I- open soft if (F, E)Cmt((F E)*(I,7)).
We denote the set of all I-open soft sets by IOS(X 7, E,I), or when there can
be no confusion by [OS( ) and the set of all I-closed soft sets by I:CS(X, T, E, 1),
or ICS(X).

Definition 3.2 Let (X, 7, E,I) be a soft topological space with soft ideal
and (X, 7%, E,I) be its x-soft topological space. A mapping v : SS(X)g —
SS(X)g is said to be an operation on OS(X) if FCy(Fp) ¥V Fr € OS(X).
The collection of all y-open soft sets is denoted by OS(v) = {Fg : FeCvy(Fg), Fx
€ SS(X)g}. Also, the complement of v-open soft set is called y-closed soft
set, 1.e
CS(y) ={Fy : Fgis a~—opensoftset, Fr € SS(X)g} is the family of all

v-closed soft sets.
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Definition 3.3 Let (X, 7, E, f) be a soft topological space with soft ideal and
(F,E) € SS(X)g. Different cases of y-operations on SS(X)g are as follows:

(1) If v = int(cl*), then ~y is called pre- -I-open soft operator. We denote the
set of all pre-I-open soft sets by PIOS(X 7, E,I), or PIOS(X) and the
set of all pre-I-closed soft sets by PICS(X, 1, E,I), or PICS(X).

(2) If v = int(cl*(int)), then v is called a- -I-open soft operator. We denote
the set of all a-I-open soft sets by aIOS(X T, E ]) or a]OS( ) and
the set of all a-I-closed soft sets by aICS(X, 1, E, [), or alCS(X ).

(3) Ify = cl*(int), then v is called semi-I- -open soft operator. We denote the
set of all semi-I- open soft sets by SIOS(X,r,E, ), or S[OS( ) and
the set of all semi-I-closed soft sets by SICS(X, 7, E, I), or SICS(X).

(4) If v = cl(int(cl*)), then v is called (- I-open soft operator. We denote the
set of all B-I-open soft sets by ﬂIOS(X T, F ]) or ﬂIOS( ) and the
set of all B-I-closed soft sets by BICS(X, T, E I) or BICS(X).

Theorem 3.4 Let (X, 7, E,I) be a soft topological space with soft ideal and
v:8S8(X)g — SS(X)g be an operation on OS(X).
If v € {int(cl*), int(cl* (int)), cl*(int), cl(int(cl*))}. Then

(1) Arbitrary soft union of vy-open soft sets is ~y-open soft.

(2) Arbitrary soft intersection of vy-closed soft sets is y-closed soft.
Proof.

(1) We give the proof for the case of pre-open soft operator i.e v = int(cl*).
Let {Fjp :j € J} € PIOS(X). ThenV j € J, FjpCint(cl*(Fjg)). Tt
follows that U; F;rCU;int(cl*(Fjg))

Cint(Uyel* (Fys)) — int(Us((Fy2)"O(Fw)) = int(Uy (Fy) O, (Fyi) =
int(U;(Fy))"

O(OJ(F]E))) = int(cl*(U;(Fjp)) from [[13], Theorem 3.2]. Hence U; Fjp €
PIOS(X) VY j € J. The rest of the proof is similar.

(2) Immediate.

Remark 3.5 A finite soft intersection of pre-I-open (resp. semi- -I-open, 3-
I- open) soft sets need not to be pre- -I-open (resp. semi-I-open,3- I- open) soft,
as it can be seen from the following examples.
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Examples 3.6 (1) Let X = {hy, hy, hs,hs}, E = {e} and 7 = {X, ¢, (F},
E),(Fy, E), (F5, E)} where (F1, E), (Fy, E), (F5, E) are soft sets over X
defined by Fy(e) = {h1}, Fo(e) = {ha, hs} and F3(e) = {hi, ha, hg}. Then
(X, 7, E) is a soft topological space over X. Let I = {(5, (L, E), (I, E),
(I3, E)}, where (I, E), (I3, E), (I3, E) are soft sets over X defined by
Li(e) = {h}, L(e) = {hs} and I3(e) = {hi,hs}. Hence the soft
sets (G, E) and (H,E) which defined by G(e) = {hi,ha,hs}, H(e) =
{hy, hs, hy}, are pre-I-open soft sets of (X, 7, E,I), but their soft inter-
section (G, E)N(H, E) = (M, E), where M(e) = {hy, hs}, is not pre-I-

open soft set.

(2) Let X = {h17 hg, hg, h4}, E= {6} and T = {X, QZ;7 (Fl, E)7 (FQ, E), (F37 E),
(Fy, E), (F5, E)} where (F1,E),(F, E),(F3,E), (Fy, E), (F5, E) are soft
sets over X defined by Fi(e) = {h1}, Fs(e) = {ha}, F3(e) = {h1, ha},
Fy(e) = {ha,hs}, and Fs(e) = {hy, hao,hs}. Then (X,7,E) is a soft
topological space over X. Let I = {(5, (L, E), (I, E), (I3, E)}, where
(I, E), (I, E), (I3, E) are soft sets over X defined by I1(e) = {hi},
LI(e) = {ha} and I3(e) = {h1, ha}. Hence the soft sets (G, E) and (H, E)
which defined by G(e) = {hy, ha}, H(e) = {ho, hs}, are semi-I-open soft
sets of (X, 7, E, 1), but their soft intersection (G, E)N\(H,E) = (M, E),
where M(e) = {ha}, is not semi-I-open soft set.

(3) Let X = {hy, ho,hs}, E = {e} and 7 = {X,¢,(F, E)} where (F,E) is a
soft set over X defined by F(e) = {h1,hy}. Let I = {¢,(G,E)} be soft
ideal over X where (G, E) is a soft set over X defined by G(e) = {hs}.
Then the soft sets (K, E) and (H, E) which defined by K(e) = {hy,hs}
and H(e) = {hy, hs} are B-I-open soft sets of (X, 7, E,I), but their soft
intersection (K, E)N(H,E) = (M, E), where M(e) = {hs}, is not a -
I-open soft set.

Proposition 3.7 Let (X, T, E, f) be a soft topological space with soft ideal
and (F,E) € SS(X)g. Then we have:

(1) If I = {o}, then (F, E) is pre-I- (resp. semi-I-, a-I- and B-I-) open soft
& it is pre- (resp. semi-, a- and (-) open soft.

(2) If I = SS(X)g, then (F,E) is pre-I- (resp. semi-I-, a-I- and $-I-) open
soft & it is T-open soft.

Proof. Immediate.

Definition 3.8 Let (X, T,E,f) be a soft topological space with soft ideal
and and (F,E) € SS(X)g. Then,
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(1) z. is called an v-soft interior point of (F,E) if 3 (G, E) € OS(v) such
that z, € (G, E)C(F,E), the set of all y-interior soft points of (F, E)
is called the y-soft interior of (F, E) and is denoted by v — Sint(F, E)
consequently, v — Sint(F, E) = U{(G,E) : (G,E)C(F,E), (G,E) €
OS(v)}-

(2) x. is called a

~v-cluster soft point of (F,E) if (F,E)A(H,E) # ¢ ¥ (H,E) € 0S(v).
The set of all v-cluster soft points of (F,E) is called vy-soft closure of
(F, E) and is denoted by v — Scl(F, E) consequently, v — Scl(F, E) =
N{(H, E) : (H,E) € CS(v), (F, E)<(H, E)}.

Theorem 3.9 Let (X, T7E,f) be a soft topological space with soft ideal,
v SS(X)g — SS(X)g be one of the operations in Definition 3.10 and
(F,E), (G, E) € SS(X)g. Then the following properties are satisfied for the
S-interior operators, denoted by v — Sint.

(1) v — Sint(X) = X and v — Sint(¢)) = o.

(2) v — Sint(F, E)C(F, E).

(3) v — Sint(F, E) is the largest y-open soft set contained in (F, E).
(4) if (F,E)C(G, E), then v — Sint(F, E)Cy — Sint(G, E).

(5) v — Sint(y — Sint(F, E)) = v — Sint(F, E).

(6) v — Sint(F, E)Oy — Sint(G, E)Cry — Sint[(F, E)JU(G, E)].

(7) v — Sint[(F, E)N(G, E)|Cy — Sint(F, E)vy — Sint(G, E).
Proof. Immediate.

Theorem 3.10 Let (X, T,E,f) be a soft topological space with soft ideal,
v SS(X)g — SS(X)g be one of the operations in Definition 3.10 and
(FE),(G,E) € SS(X)g. Then the following properties are satisfied for the
v-soft closure operators, denoted by v — Scl.

(1) v — Sc(X) = X and v — Scl(¢) = ¢.

(2) (F,E)Cy— Scl(F,E).

(3) v — Scl(F, E) is the smallest y-closed soft set contains (F, E).
(4) if (F,E)C(G,E), then v — Scl(F, E)Cvy — Scl(G, E).

(5) v — Scl(y — Scl(F,E)) = v — Scl(F, E).
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(6) v — Scl(F, E)Uy — Scl(G, EYCy — Scl|(F, E)J(G, E)].
(7) v — Scl|(F, EYN(G, E)]Cy — Scl(F, E)fvy — Scl(G, E).
Proof. Immediate.

Remark 3.11 Note that the family of all v-open soft sets on a soft topo-
logical space with soft ideal (X, T, E,I) forms a supra soft topology, which is a
collection of soft sets contains X, ¢ and closed under arbitrary soft union.

4 Relations between Subsets of Soft Topolog-
ical Spaces via Soft Ideal

In this section we introduce the relations between some special subsets of a
soft topological space with soft ideal (X, 7, E, I).

Theorem 4.1 Every I-open soft set is pre-I-open soft.

Proof. Let (X, 7, E,I) be a soft topological space with soft ideal and (F, E) €
T0S(X). Then (F, E)Cint((F, E)*(I,7))Cint((F, E)U(F, E)*(I, 7)) = int(cl*
(F,E)). Hence (F,E) € PIOS(X).

The following example show that the converse of Theorem 4.1 is not true

in general.

Example 4.2 Let X = {hy, hy, hs, ha}, E = {e}, 7 = {X, ¢, (F\, E), (Fy, E),
(F3, E),(Fy, E)}, where (F1,E), (F3, E),(F3, E), (Fy, E) are soft sets over X
deﬁn;d by~F1(€> = {hl}, FQ(B) = {hg}, F3(6) = {hl,hg}, F4(€) = {hl,hg,h4}
and I ={¢,(11, E), (I, E), (I3, E)} be a soft ideal over X where (I, E), (I, E),
(I3, E) are soft sets over X defined by I (e) = {h1}, I2(e) = {hs} and I3(e) =
{hy, hs}. Then the soft set (Fs, E) is pre-I-open soft but it is not I-open soft.

Theorem 4.3 Fvery pre—f—open soft set is pre-open soft.

Proof. Let (X, 7, E,I) be a soft topological space with soft ideal and (F, E) €
PIOS(X). Then (F, E)Cint(cl*(F, E)) = int((F, E) U(F, E)*(I, 7))Cint((F, E)
Ucl(F, E)) = int(cl(F, E)). Hence (F,E) € POS(X).

The following example show that the converse of Theorem 4.3 is not true
in general.

Example 4.4 Let X = {hy, hy, hs}, E = {e}, 7 = {X,0,(F\, E), (Fy, E)},
where (F1, E), (Fy, E) are soft sets over X defined by Fy(e) = {h1} and Fy(e) =
{ha, hs} and I = {¢, (11, E), (I, E)(I5, E)} be a soft ideal over X where (I, E),
(Is, E), (I3, FE) are soft sets over X defined by I,(e) = {h}, Is(e) = {hs} and
I3(e) = {h1,hg}. Then the soft set (H,E), where (H, E) is a soft set over X
defined by H(e) = {h, hs}, is pre-open soft but it is not pre-I-open soft.



Decompositions of Some Types of Soft Sets... 113

Theorem 4.5 Let (X, 7, E, f) be a soft topological space with soft ideal and
(F,E) € PIOS(X). Then we have:

(1) cl(int(cl*(F, E))) = cl(F, E),
(2) cl*(int(cl*(F, E))) = cl*(F, E).
Proof.

(1) Let (F, E) € PIOS(X), then (F, E)Cint (cI*(F, E)), hence cl(F, E)Ccl(int
(cl*(F, E)))Ccl(int(cl(F, E)))Ccl(F, E). Thus, cl(int(cl*(F,E))) = cl(F,E).

(2) Follows from (1).

Theorem 4.6 Let (X, 7, E,I) be a soft topological space with soft ideal and
(F,E),(H,E) € SS(X)g. Then the following properties hold;

(1) (F,E) € SIOS(X) if and only if cl*(F, E) = cl*(int(F, E)).

(2) (F,E) € SIOS(X) if and only if there exists (G,E) € T such that
(G, E)S(F, E)Cel*(G, E).

(3) If(F,E) € SIOS(X) and (F, E)C(H, E)Ccl*(F, E), then (H, E) € SIOS(X).
Proof. Obvious.

Theorem 4.7 Let (X,7,E,I) be a soft topological space with soft ideal,
v:SS(X)p — SS(X)g be one of the operations in Definition 3.10 (we give
an example for the pre-I-open soft operator i.e (y = int(cl*))) and (F,E) €
SS(X)g. Then the following hold:

(1) PIS(int(X — (F,E))) = X — PIS(cl(F, F)).
(2) PIS(cl(X — (F,E))) = X — PIS(int(F, E)).
Proof.

(1) Let :Eegz’PIS(cl(F E)). Then 3 (G, E) € PIOS(X, x.) such that (G, E)
(F,E) = ¢, hence z,E PIS(int(X —(F, E))). Thus, X —PIS(cl((F, E)))
PIS(int(X — (F, E))). 1t follows that X — PIS(cl(F E)CPIS(int(X —
(F,E))). Now let a:GEPIS(mt( —(F,E))). SlncePIS(mt( —(F, E)))N
(F,E) = ¢, so xe¢P]S(cl(F E)). It follows that z.€X — PIS(cl( E))
Therefore PIS(mt( —(F, E)))CX—PIS(cl(F,E)). Thus, PIS(mt

(F,E)))CX — PIS(cl(F, E)). This completes the proof.

N
-

(2) By a similar way.
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Theorem 4.8 Let (X, 7, F f) be a soft topological space with soft ideal,
(F,E) €T and (G,F) € PIOS(X T, E, ). Then (F, E)N(G, E)éEPIOS(X, T,
E ).

Proof. Let (F,E) € 7 and (G, E) € PIOS(X, 7, E,I). Then (F, E)N(G, E)C
(F, E)Nint(cl* (G, E)) = (F, E)Nint((G, E)J(G, E)*) = int[((F, E)N(G, E))U
((F, EYA(G, E)")|Sint[((F, E)N(G, E))O((F, E)A(C, E))l = int(cl"(F,

E)) from [[13], Theorem 3.2]. Thus (F, E)ﬂ(G,E) € PIOS(X,T,E, )

E)N(G,

Theorem 4.9 Let (X, 7, E,I) be a soft topological space with soft ideal and
(F,E) € SS(X)g. Then (F,E) € PICS(X) < cl(int*(F,E)) C (F, E).

Proof. Let (F,E) € PICS(X), then X — (F,E) is pre-I-open soft. This
means that, X — (F, E)Cint(cl*(X — (F,E))) = X — (cl(int*(F, E))). There-
fore, cl(mt*(F E))C(F, E). Conversely, let cl(int*(F, E))C(F, E). Then X -
(F, E)Cmt(cl*(X (F,E))). Hence X — (F, E) is pre-I-open soft. Therefore,
(F, F) is pre-I-closed soft.

Corollary 4.10 Let (X, T, E, f) be a soft topological space with soft ideal
and (F,E) € SS(X)g. If (F,E) € PICS(X). Then cl*(int(F,E)) C (F, E).

Proof. Let (F, E) ENPfCS(X), then cl(int*(F, E))C(F, E) from Theorem 4.9.
Hence cl*int(F, E))Ccl(int*(F, E))C(F, E). Therefore, cl*(int(F, E))C(F, E).

Theorem 4.11 Let (X, 7, E I) be a soft topological space with soft ideal and
(F,E) € SS(X)g. Then (F,E) is a—I-closed soft set < cl(int*(cl(F, E)))C(F,

Proof. Let (F, E) € aICS(X), then X — (F, E) is a-I-open soft. This means
that, X —(F, E)Cint(cl*(int(X —(F, E)))). Therefore, cl(int* (cl(F, E))C (F,E).
Conversely, let cl(int*(cl(F, E)))C(F, E). Then (X — (F, E)Cmt(cl*(mt(X -
(F,E))). Hence X — (F, E) is a-I-open soft. Therefore, (F, E) is a-I-closed
soft.

Corollary 4.12 Let (X, T, E,f) be a soft topological space with soft ideal

and (F,E) € SS(X)g. If (F, E) is a-1-closed soft set. Then cl*(int(cl*(F, E)))
C(FE).

Proof. It is obvious from Theorem 4.11.
Theorem 4.13 . Let (X, 7, F, ]) be a soft topological space with soft ideal

and (F,E) € SS(X)g. Then (F, E) is semi-I-closed soft set < int*(cl(F, E))C
(F,E).



Decompositions of Some Types of Soft Sets... 115

Proof. Immediate.

Corollary 4.14 Let (X, T, E, f) be a_soft topological space with soft ideal
and (F,E) € SS(X)g. If (F, E) is semi-I-closed soft set. Then int(cl*(F, E))C
(F.F).

Proof. It is obvious from Theorem 4.13.

Theorem 4.15 Let (X,7,E. 1) be a soft topological space with soft ideal
and (F,E) € SS(X)g. If (F,E) is semi-I-closed soft set. Then,

(1) If (F,E) is pre-I-open soft and semij—open soft, then (F, E) is a-I-open
soft set.

(2) If (F,E) is pre-I-closed soft and semi-I-closed soft, then (F,E) is a-I-
closed soft set.

Proof.

(1) Let (F,E) € PIOS(X)and (F, E) € SIOS(X). Then (F, E)Cint(cl*(F, E))
and (F, E)Ccl*(int(F, E)). It follows that (F, E)Cint(cl* (cl*(int(F, E)))).
Thus, (F, E)Cint
(cI*(int(F, E))). Hence (F, E) is a-I-open soft set.

(2) By a similar way.

Theorem 4.16 In a soft topological space with soft ideal (X, T, E,f), the
following statements hold,

(1) every open (resp. closed) soft set is a-I-open (resp. a-I-closed) soft set.

(2) every open (resp. closed) soft set is semi-I-open (resp. semi-I-closed) soft
set.

(3) every a-I-open (resp. a-I-closed) soft set is semi-I-open (resp. semi-I-
closed) soft set.

(4) every a-I-open (resp. a-I-closed) soft set is pre-I-open (resp. pre-I-
closed) soft set.

Proof. We prove the assertion in the case of open soft set, the other case is
similar.

(1) Let (F,E) € OS(X). Then int(F,E) = (F, E). Since (F, E)Ccl*(F, E),
then (F, E)Cint(cl*(F, E)). It follows that (F,E)Cint(cl*(int(F, E))).
Therefore, (F,E) € alOS(X).
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(2) Let (F,E) € OS(X). Then int(F,E) = (F,E). Since (F, E)Ccl*(F, E),

then (F, E)Ccl*(int(F, E)). Hence (F,E) € SIOS(X).

(3) Let (F,F) € alOS(X). Then (F, E)Cint(cl*(int(F, E)))Ccl*(int(F, E)).

Hence (F, E) € SIOS(X).

(4) Let (F,E) € alOS(X). Then (F, E)Cint(cl*(int(F, E)))Cint(cl*(F, E)).

Hence (F,E) € PIOS(X).

Remark 4.17 The converse of Theorem 4.16 is not true in general as
shown by the following examples.

Examples 4.18 (1) Let X = {hy, ho, hs, hy}, E = {e} and T = {X, ¢, (F},

E), (Fy, E)} where (Fy, E), (Fy, E) are soft sets over X defined by Fy(e) =
{ha, h3} and Fs(e) = {hy,ha,h3}. Then (X,7,E) is a soft topological
space over X. Let I = {¢, (I}, E), (I, E), (Is, E)}, where (I, E), (I, E),
(I3, E) are soft sets over X defined by I(e) = {h1}, Is(e) = {hs} and
I3(e) = {hy,hs}. Hence the soft set (G, E), which defined by G(e) =
{ha, hs, ha}, is a-T-open soft set but it is not open soft set.

(2) Let X = {h17 hg,hg, h4}7 E= {6} and T = {X,Q%, (Fl,E>, (FQ,E), (Fg,E)}

where (F1, E), (Fy, E), (Fs, E) are soft sets over X defined by Fi(e) =
{h1}, Fa(e) = {ha, hs} and F3(e) = {hy, ho, h3}. Then (X, T, E) is a soft
topological space over X. Let I = {é, (L, E), (I, F), (I3, E)}, where
(I, E), (I, FE), (I3, E) are soft sets over X defined by I1(e) = {hi},
Ly(e) = {h4} and I3(e) = {hy,hs}. Hence the soft set (G, E), which
defined by G(e) = {ha, hs, ha}, is semi-I-open soft set but it is not open
soft set.

(3) Let X = {hy, ho,hs, by}, E = {e} and T = {X, ¢, (F\, E),(Fy, E), (F3, E)}

where (F1, E), (Fy, E), (Fs, E) are soft sets over X defined by Fi(e) =
{h1}, Fy(e) = {ha,hs} and F3(e) = {hy,he,h3}. Then (X, 7, E) is
a soft topological space over X. Let I = {(5, (I, E), (I, E), (I3, E)},
where (I, E), (Iz, E), (I3, E) are soft sets over X defined by I1(e) = {h1},
I(e) = {hs} and I3(e) = {h1, ha}. Hence the soft set (G, E), which de-
fined by G(e) = {hg, hs, hy}, is semi-I-open soft set but it is not a-open
soft set.

(4) Let X = {hy, hy, hs, ha}, E = {e} and T = {X, ¢, (F1,E), (Fy, E), (F3, E)}

where (F1, E), (Fy, E), (Fs, E) are soft sets over X defined by Fi(e) =
{h1}, Fs(e) = {hs, h3} and F3(e) = {hy, ha, hs}. Then (X, 7, E) is a soft
topological space over X. Let I = {¢,(I1,E), (I, E), (I3, E)}, where
([1, E), (15, E), (I3, E) are soft sets over X defined by I (e) = {hi},
Iy(e) = {hy} and I3(e) = {h1,hs}. Hence the soft set (G, E), which
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defined by G(e) = {h1, ha, ha}, is pre-I-open soft sets of (X, 7, F, f), but
it is not a-I-open soft set.

Theorem 4.19 Let (X, 7, E, 1) be a soft topological space with soft ideal and
(F,E) € SS(X)g. Then (F,E) is semi-I-closed soft set < int*(cl(F,E)) =
int*(F,E).

Proof.

Let (F,E) € SICS(X), then int*cl(F, E)C(F,E) from Theorem 4.13.
Then int*cl(F, E)Cint*(F, E). But clearly int*(F, E)Cint*cl(F, E), hence int*
cl(F,E) =int*(F, E). Conversely, if int*cl(F, E) = int*(F, E), then (F, E) is
semi-I-closed soft. This completes the proof.

Corollary 4.20 Let (X, T, E, f) be a soft topological space with soft ideal
and (F, E) € SS(X)g. Then (F, E) is semi-I-closed < (F, E) = (F, E)Uint*(cl
(F, E)).

Proof. It is obvious from Theorem 4.19.

Theorem 4.21 Let (X, 7, E, [) be a soft topological space with soft ideal and
(F,E) € aIOS(X). Then (F, E)N(G, E) € SIOS(X)V(G, E) € SIOS(X).

Proof. Let (F, E) € alOS(X) and (G, E) € SIOS(X). Then (F, E)Cmt(cl*
d (G, (int (

(int(F, E))) an E)Ccl*(int(G, E)). It follows that (F, E)N (G, E)C (int(cl*
(int(F, E))))O( cl*(int(G, E)) gcl*((znt(cl*(mt(F E)))N(int(G, E)))ch*((cl*
(int(F, E))))N(int(G, E))) el (cl* (int(F, E))) 0 (mt(g E)) = c*((int(F, E))
ﬂ(mt(G E)))Cdl (mt((F, E)N(G,E))). Thus, (F,E)N(G,FE) € SIOS(X) V
(G, E) € SIOS(X).

Theorem 4.22 Let (X, 7, E ]) be a soft topological space with soft ideal and
(F,E) € SS(X)g. Then (F,E) is B-I-closed soft set < int(cl(int*(F, E)))C
(F, E).

Proof. Immediate.

Corollary 4.23 Let (X, T, E.I) be a soft topological space with soft ideal
and (F, E) is 5-1-closed soft set. Then int(cl*(int(F, E)) C (F, E).

Proof. It is obvious from Theorem 4.22.

Theorem 4.24 In a soft topological space with soft ideal (X, 7, E,I), the
following statements hold,

(1) every pre-I-open (resp. pre-I-closed) soft set is B-I-open (resp. B-I-
closed) soft set.
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(2) every semi-I-open (resp. semi-I-closed) soft set is B-I-open (resp. B-I-
closed) soft set.

Proof. Immediate.

Remark 4.25 The converse of Theorem 4.24 is not true in general as
shown by the following examples.

Examples 4.26 (1) Let X = {hy, hy, hs, ha}, E = {e}, 7 = {X, ¢, (F\, E),
(Fy, E), (F3, E), (Fy, E)}, where (F1, E), (Fy, E), (F3, E), (Fy, E) are soft
sets over X defined by Fi(e) = {h1}, Fs(e) = {ha}, F3(e) = {hy, hs},
Fy(e) = {hi1, ha, hy} and I= {gz;, (I, E), (I, E), (I3, E)} be a soft ideal
over X, where (I, E),(Is, E), (I3, E) are soft sets over X defined by
Li(e) = {h}, LI(e1) = {hs} and I3(e;) = {hi1,hs}. Then the soft set
(G, E), defined by G(e) = {hy, hys}, is f-I-open soft but it is not pre-I-
open soft.

(2) Let X = {hb h27 h37 h4}7 E = {6}, T = {X7 (57 (F17 E)7 (F27 E)? (F37 E)? (F47
E)}, where (F1, E),(Fy, E), (F3, E), (Fy, E) are soft sets over X defined
by Fi(e) = {hi}, Fa(e) = {ho}, F3(e) = {h1,ha}, Fule) = {h1,ho, ha}
and I ={¢, (I, E) be a soft ideal over X, where (I, E) is a soft set over
X defined by I(e) = {hs}. Then the soft set (Fi, E) is $-I-open soft but

it is not semi-I-open soft.

Proposition 4.27 From Theorems 4.1, 4.16 and Theorem 4.24 we have the
following implications for a soft topological space with soft ideal (X, T, E,I).

0S(X) = alOS(X) = SIOS(X) = BIOS(X) = BOS(X)

3 N /! S
10S(X) = PIOS(X) = POS(X)

5 Decompositions of Some Forms of Soft Con-

tinuity in Soft Topological Spaces via Soft
Ideal

Definition 5.1 Let (X1, 7, A,I) be a soft topological space with soft ideal
and (Xo, 19, B) be a soft topological space. Let u: X1 — Xy andp: A — B be
a mappings. Let fp, 1 SS(X1)a — SS(Xa)p be a function. Then

(1) The function fy, is called I-continuous soft (I-cts soft) if fol (G, B) €
TOS(X,) Y (G,B) € 7.
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(2) The function fp, is called a pre-I-continuous soft function (Pre-I-cts soft)
if fou(G,B) € PIOS(X1)V (G, B) € 1.

(3) The function f,, is called an a-I-continuous soft function (a-I-cts soft)

if f.1(G,B) € alOS(X1)V (G, B) € 7.

(4) The function f,, is called semi-I-continuous soft function (semi-I-cts soft)

if (G, B) € SIOS(X1)V (G, B) € 7.

(5) The function fu, is called B-I-continuous soft function (B-I-cts soft) if
[ (G, B) € BIOS(X,)Y (G, B) € 1.

Theorem 5.2 Let (X1,7,A,I) be a soft topological space with soft ideal
and (Xo, 7o, B) be a soft topological space. Let u: Xy — Xy andp: A — B
be a mappings. Let fp, 1 SS(X1)a — SS(Xz)p be a function. Then every

I-continuous soft function is pre-I-continuous soft function.

Proof.
It is obvious from Theorem 4.1.

Theorem 5.3 Let (X1,7,A,I) be a soft topological space with soft ideal
and (Xo, 7o, B) be a soft topological space. Let u: X7 — Xy andp: A — B
be a mappings. Let fp, : SS(X1)a — ~SS(X2)B be a function. If f,, is

I-continuous soft function , then it is pre-I-continuous soft.

Proof.
It is obvious from Theorem 4.3.

Proposition 5.4 Let (X1, 71, A, I) be a soft topological space with soft ideal
and (Xa, 12, B) be a soft topological space. Let u: X7 — Xy and p: A — B be
a mappings. Let fp, : SS(X1)a — SS(X2)p be a function. Then we have:

(1) IfI = {&}, then fp, is pre-I-continuous soft (resp. semi-I-continuous
soft, a-I-continuous soft and B-I-continuous soft) function < it is pre-
continuous soft (resp. semi-continuous soft, a-continuous soft and [-
continuous soft).

(2) IfI = SS(X)g, then fy, is pre—i—contmuous soft (resp. semi-I-continuous

soft, a-I-continuous soft and I-continuous soft) function < it is contin-
uous soft.

Proof. Immediate.
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Theorem 5.5 Let (X1,7,A,I) be a soft topological space with soft ideal
and (Xo, 79, B) be a soft topological space. Let u: Xy — Xy andp: A — B
be a mappings. Let fp, : SS(X1)a — SS(X2)p be a function. Then for the
classes, pre—f—contmuous soft (resp. a-I-continuous soft, semi-I-continuous
soft and B-I-continuous soft) functions the following are equivalent (we give
an exzample for the the class of pre-I-continuous soft functions).

(1) fpu is pre-I-continuous soft function.

(2) f,.(H,B) € PICS(X,) ¥ (H,B) € CS(Xs).

(3) fpu(PI = Scl(G, A)Celr, (fpu(G, A)) ¥ (G, A) € SS(X1)a. 0

(4) PI—Scl(f;}(H,B))Cfkcly,(H,B)) ¥ (H,B) € SS(Xa2)p.

(5) fol(int,,(H,B))CPI — Sint(f,;,'(H, B)) Y (H, B) € SS(X2)p.
Proof.

(1) = (2) Let (H,B) be a closed soft set over X;. Then (H,B) € 7
and f,'(H,B) € PIOS(X;) from Definition 5.1. Since f,,'(H,B) =
(fo.'(H,B))" from [[33], Theorem3.14]. Thus, f,'(H, B) € PICS(X,).

(2) = (3) Let (G, A) € SS(X1)a. Since (G, A)C [, (fou(G, A))C [k (clry (fpu
(G, A))) € PICS(X,) from (2) and [[33], Theorem3.14]. Then (G, A)C
PIS(CZ(G,A))Qf@l(clTQ(fpu(G,A))). Hence f,.,(PIS(cl(G, A)))C fou( I;}
(clry (fpu(G, A)))) el (fru(G, A))) from [[33], Theorem3.14]. Thus, fu,
(PIS(cl(G, A)))Selr, (fru(G, A)).

(3) = (4) Let (H,B) € SS(Xo)p and (G, A) = f,;}(H,B). Then f,,(PI —
Sl fo (H, B))Celry (fou(fyo (H, B))) From (3). Hence PI-Scl(f,.}(H, B))
C foud Fou(PI=Scl(fol (H, B)) S fp! (cloy (fou(f! (H, B))))E fr! (el (H,
B)) from [[33], Theorem3.14]. Thus, PI—Scl(fI;}(H, B))Qf@l(clm(l-], B)).

(4) = (2) Let (H, B) be a closed soft set over X5. Then Pf—Scl(fl;l(H,B))é
foi(cd,(H,B)) = f,}(H,B) = f,}(H,B) ¥ (H,B) € S5(X5)p from
(4), but clearly f,.}(H,B)CPI — Scl(f;,}(H,B)). This means that,
fl(H,B) = PI — Scl(f,,(H,B)) € PCS(X,).

(1) = (5) Let (H,B) € SS(X5)p. Then f;}(int,(H,B)) € PIOS(X;)
from (1). Hence f,'(int,(H, B)) = PI — Sint(f,,lint.,(H, B))CPI —
Sint(f.1(H, B)). Thus, f;.!(int,,(H, B))CPI — Sint(f,;(H, B)).
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(5) = (1) Let (H, B) be an open soft set over X,. Then int.,(H, B) = (H, B)
and f,(int,,(H,B)) = f}((H,B))CPI — Sint(f,,}(H,B)) from (5).
But we have PI — Sint(f,,'(H, B)) = f,,/(H,B) € PIOS(X;). Thus,
fpu is pre-I-continuous soft function.

Theorem 5.6 Let (X, 7, A, f) be a soft topological space with soft
ideal and (X2, 72, B) be a soft topological space. Let fp, : SS(X1)a —
SS(X2)p be a function. Then fu, is a-I-continuous soft function if and
only if it is a pre-I-continuous and semi-I-continuous soft function .

Proof.

It is obvious from Theorem 4.15.

Theorem 5.7 Let (X1,7,A,I) be a soft topological space with soft ideal
and (Xo, 79, B) be a soft topological space. Let f,, : SS(X1)a — SS(X2)p be
a function. Then
(1) every continuous soft function is a-I-continuous soft function.

(2) every continuous soft function is semi-I-continuous soft function.

(3) every a-I-continuous soft function is semi-I-continuous soft function.

(4) every a-I-continuous soft function is pre-I-continuous soft function.
Proof. It is obvious from Theorem 4.16.

Theorem 5.8 Let (X1,7,A,I) be a soft topological space with soft ideal
and (Xo, 19, B) be a soft topological space. Let f,, : SS(X1)a — SS(X2)p be
a function. Then

(1) Ewvery pre-I-continuous soft function is 5-I-continuous soft function.

(2) FEvery semi-I-continuous soft function is B-I-continuous soft function.

Proof. It is obvious from Theorem 4.24.
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6 Conclusion

Topology is an important and major area of mathematics and it can give
many relationships between other scientific areas and mathematical models.
Recently, many scientists have studied and improved the soft set theory, which
is initiated by Molodtsov [23] and easily applied to many problems having
uncertainties from social life. Kandil et al.[12] introduced a unification of some
types of different kinds of subsets of soft topological spaces using the notions of
~v-operation. The notion of soft ideal is initiated for the first time by Kandil et
al.[13]. In this paper we extend the notions of y-operation, pre- I- open soft sets,
I-open soft sets, a-I-open soft sets, semi-I-open soft sets and S-I-open soft
sets to soft topological spaces with soft ideal. We study the relations between
these different types of subsets of soft topological spaces with soft ideal. We
also introduce the concepts of I-continuous soft, pre-I-continuous soft, a-I-
continuous soft, semi-I-continuous soft and 8-I-continuous soft functions and
discuss their properties in detail. We notice that the family n of all v-open
soft sets on a soft topological space with soft ideal (X, 7, I ) forms a supra soft
topology, i.e X ,é € n and 7 is closed under arbitrary soft union. We see that
this paper will help researcher enhance and promote the further study on soft

topology to carry out a general framework for their applications in practical
life.

References

[1] B. Ahmad and A. Kharal, On fuzzy soft sets, Advances in Fuzzy Systems,
2009(2009), 1-6.

[2] B. Ahmad and A. Kharal, Mappings of soft classes, to appear in New
Math. Nat. Comput.

[3] H. Aktas and N. Cagman, Soft sets and soft groups, Information Sciences,
1(77) (2007), 2726-2735.

[4] M.I. Ali, F. Feng, X. Liu, W.K. Min and M. Shabir, On some new oper-
ations in soft set theory, Computers and Mathematics with Applications,
57(2009), 1547-1553.

[5] S. Atmaca and I. Zorlutuna, On fuzzy soft topological spaces, Annals of
Fuzzy Mathematics and Informatics, 5(2013), 377-386.

[6] A. Aygunoglu and H. Aygun, Introduction to fuzzy soft groups, Comput-
ers and Mathematics with Applications, 58(2009), 1279-1286.



Decompositions of Some Types of Soft Sets... 123

[7]

8]

[10]

[11]

[12]

[17]

[18]

[19]

[20]

B.P. Varol and H. Aygun, On soft Hausdorff spaces, Annals of Fuzzy
Mathematics and Informatics, 5(2013), 15-24.

N. agman, F. itak and S. Enginoglu, Fuzzy parameterized fuzzy soft set
theory and its applications, Turkish Journal of Fuzzy Systems, 1(1) (2010),
21-35.

N. agman and S. Enginoglu, Soft set theory and uni-int decision making,
European Journal of Operational Research, 207(2010), 848-855.

D. Jankovic and T.R. Hamlet, New topologies from old via ideals, The
American Mathematical Monthly, 97(1990), 295-310.

S. Hussain and B. Ahmad, Some properties of soft topological spaces,
Comput. Math. Appl., 62(2011), 4058-4067.

A. Kandil, O.A.E. Tantawy, S.A. El-Sheikh and A.M.A. El-latif, ~-
operation and decompositions of some forms of soft continuity in soft topo-
logical spaces, Annals of Fuzzy Mathematics and Informatics, 7(2014),
181-196.

A. Kandil, O.A E. Tantawy, S.A. El-Sheikh and A.M.A. El-latif, Soft ideal
theory, soft local function and generated soft topological spaces, Appl.
Math. Inf. Sci., 8(4) (2014), 1595-1603.

A. Kandil, O.A.E. Tantawy, S.A. El-Sheikh and A.M.A. El-latif, Supra
generalized closed soft sets with respect to an soft ideal in supra soft
topological spaces, Appl. Math. Inf. Sci., 8(4) (2014), 1731-1740.

K. Kannan, Soft generalized closed sets in soft topological spaces, Journal
of Theoretical and Applied Technology, 37(2012), 17-21.

D.V. Kovkov, V.M. Kolbanov and D.A. Molodtsov, Soft sets theory-based
optimization, Journal of Computer and Systems Sciences International,
46(6) (2007), 872-880.

J. Mahanta and P.K. Das, On soft topological space via semi open and
semi closed soft sets, arXiv:1203.4135v1, (2012).

P.K. Maji, R. Biswas and A.R. Roy, Fuzzy soft sets, Journal of Fuzzy
Mathematics, 9(3) (2001), 589-602.

P.K. Maji, R. Biswas and A.R. Roy, Intuitionistic fuzzy soft sets, Journal
of Fuzzy Mathematics, 9(3) (2001), 677-691.

P.K. Maji, R. Biswas and A.R. Roy, Soft set theory, Computers and Math-
ematics with Applications, 45(2003), 555-562.



124

[21]

[22]

[23]

[24]

[25]

[20]

[27]

[28]

[29]

[30]

[31]

32]

[33]

S.A. El-Sheikh

P. Majumdar and S.K. Samanta, Generalised fuzzy soft sets, Computers
and Mathematics with Applications, 59(2010), 1425-1432.

W.K. Min, A note on soft topological spaces, Computers and Mathematics
with Applications, 62(2011), 3524-3528.

D.A. Molodtsov, Soft set theory-firs tresults, Computers and Mathematics
with Applications, 37(1999), 19-31.

D. Molodtsov, V.Y. Leonov and D.V. Kovkov, Soft sets technique and its
application, Nechetkie Sistemy i Myagkie Vychisleniya, 1(1) (2006), 8-39.

A. Mukherjee and S.B. Chakraborty, On intuitionistic fuzzy soft relations,
Bulletin of Kerala Mathematics Association, 5(1) (2008), 35-42.

D. Pei and D. Miao, From soft sets to information systems, In: X. Hu, Q.
Liu, A. Skowron, T.Y. Lin, R.R. Yager and B. Zhang (Eds.), Proceedings
of G ranular Computing, in: IEEE, 2(2005), 617-621.

S. Roy and T.K. Samanta, A note on fuzzy soft topological spaces, Annals
of Fuzzy Mathematics and Informatics, 3(2) (2012), 305-311.

M. Shabir and M. Naz, On soft topological spaces, Comput. Math. Appl.,
61(2011), 1786-1799.

S. Das and S.K. Samanta, Soft metric, Annals of Fuzzy Mathematics and
Informatics, 6(2013), 77-94.

W. Rong, The countabilities of soft topological spaces, International Jour-
nal of Computational and Mathematical Sciences, 6(2012), 159-162.

W. Xu, J. Ma, S. Wang and G. Hao, Vague soft sets and their properties,
Computers and Mathematics with Applications, 59(2010), 787-794.

Y. Zou and Z. Xiao, Data analysis approaches of soft sets under incomplete
information, Knowledge-Based Systems, 21(2008), 941-945.

I. Zorlutuna, M. Akdag, W.K. Min and S. Atmaca, Remarks on soft topo-
logical spaces, Annals of Fuzzy Mathematics and Informatics, 3(2012),
171-185.



