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Abstract: Shabir and Naz ing7] introduced the notion of soft topological spaces. Theyragfisoft topology on the collectionof

soft sets oveX. Consequently, they defined soft separation axioms, sgttlae spaces and soft normal spaces and established their
several properties. Min i3] investigate some properties of these soft separatiomaxi&andil et al. 12] introduce the notion of

soft semi separation axioms. In particular they study tlogerties of the soft semi regular spaces and soft semi n@paaks. In the
present paper, we introduce the notions of soft regulanfarspaces based on the notions of semi open soft sets drnidesd$. Also,

we discuss some properties of these notions and introduakeainative descriptions of the notions of soft regulaicgsavia soft ideals

[7], which is more general.

Keywords: Soft topological space, Softregular spaces, Softnormal spaces, Irresolute soft functions, Irresolutencmt functions.

1 Introduction open soft and closed soft sets, soft subspace, soft closure,
) , soft nbd of a point, soft separation axioms, soft regular
The concept of soft sets was first introduced bygnaces and soft normal spaces and established their
Molodtsov P2 in 1999 as a general mathematical tool geyera| properties. Min ir8] investigate some properties
for dealing with uncertain objects. 122,23, Molodtsov o these soft separation axioms. Kandil et alZ][
successfully applied the soft theory in several directionsnyoduce the notion of soft semi separation axioms. In
such as smoothness of functions, game theory, operations,icular they studied the properties of the soft semi
research, Riemann integration, Perron integrationyeqar spaces and soft semi normal spaces. Maji et. al.
probability, theory of measurement, and so on. After|yg initiated the study involving both fuzzy sets and soft
presentation of the operations of soft se®0|[ the  gets. The notion of soft ideal was initiated for the first
properties and _appllcatlons of §oft set theory have bee'ﬂime by Kandil et all4). They also introduced the
studied increasingly4,16,23). Xiao et al.R9 and Pei concept of soft local function. These concepts are
and Miao P9 discussed the relationship between soft yisessed with a view to find new soft topologies from the
sets and information systems. They showed that soft set§yiginal one, called soft topological spaces with soft Idea
are a class of special information systems. In recent yearsy r £ ). Applications to various fields were further
many interesting applications of soft set theory have beer?nvestigated by Kandil et al1D,11,13,15].
expanded by embedding the ideas of fuzzy s28,5,18, | the present paper, we introduce the notions of
19,20,21,23,24,31]. To develop soft set theory, the softi-regular spaces, soft semkegular spaces,

operations of the soft sets are redefined and a uni-ingynormal spaces and soft sefirormal spaces. Then
decision making method was constructed by using thesg investigate some of their properties.

new operationsq].

Recently, in 2011, Shabir and Na27] initiated the study

of soft topological spaces. They defined soft topology on
the collectiont of soft sets oveiX. Consequently, they
defined basic notions of soft topological spaces such as
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2 Preliminaries

X in which all the parameter s& are same. We denote
the family of these soft sets [85(X)e.

In this SeCtion, we present the basic definitions and resultﬁ)eﬁnition 211{32] Let | be an arbitrary indexed set and

of soft set theory which will be needed in the sequel.

Definition 2.1[22] Let X be an initial universe an# be
a set of parameters. L&(X) denote the power set of

andA be a non-empty subset &. A pair (F,A) denoted
by Fa is called a soft set oveX , whereF is a mapping
given byF : A — P(X). In other words, a soft set ove
is a parametrized family of subsets of the univexXsé-or
a particulare € A, F(e) may be considered the set ®f
approximate elements of the soft &t A) and ife & A,

thenF(e) = gi.e

Fa={F(e):ec ACE, F:A— P(X)}. The family of all
these soft sets ovet denoted bySS(X)a.

Definition 2.2[20] Let Fa, Gg € SS(X)g. ThenFy is soft
subset ofGg, denoted byFaC G, if

(LACB, and
(2)F(e) C G(e), Vee A

In this caseFa is said to be a soft subset G andGg is
said to be a soft supersetlef, GgOFa.

Definition 2.3[20] Two soft subsetFa and Gg over a
common universe s are said to be soft equally is a
soft subset 06 andGg is a soft subset dfa.

Definition 2.4[4] The complement of a soft s€F,A),
denoted by (F,A), is defined by (F,A) = (F',A),
F’: A— P(X) is a mapping given b¥'(e) = X — F(e),
Ve e A andF’ is called the soft complement function of
F.

Clearly (F’)" is the same aB and((F,A)") = (F,A).
Definition 2.5[27] The difference between two soft sets
(F,E) and(G, E) over the common universé denoted by
(F,E) — (G,E) is the soft setH,E) where for alle € E,
H(e) = F(e) — G(e).

Definition 2.6[27] Let (F,E) be a soft set oveX andx €

X. We say thak € (F,E) read asx belongs to the soft set
(F,E) whenevex € F(e) forallec E.

Definition 2.7 [20] A soft set(F,A) overX is said to be a
NULL soft set denoted by or ga ifforall ec A F(e)=¢
(null set).

Definition 2.8 [20] A soft set(F,A) overX is said to be an
absolute soft set denoted Byor Xa if forall ec A, F(e) =
X. Clearly we haveX, = ga and@, = Xa.

Definition 2.9[20] The union of two soft set$F,A) and
(G,B) over the common univers¢ is the soft se{H,C),
whereC = AUB and for alle € C,

{ F(e), ec A—B,

G(e), ee B—A,
F(e)UG(e), ec ANB.

Definition 2.10[20] The intersection of two soft sets

(F,A) and (G, B) over the common universg is the soft

set (H,C), where C = ANnB and for all e € C,

H(e) = F(e) N G(e). Note that, in order to efficiently

discuss, we consider only soft s¢fs E) over a universe

H(e)

L={(R,E),i €1} be a subfamily o85X)g.

(1)The union of L is the soft set(H,E), where
H(e) = Ui Fi(e) for each e € E . We write
Uiel(.FlaE):(H7E)' .

(2)The intersection oL is the soft set(M,E), where
M(e) = Nig F(e) for eache € E . We write

ﬁiel(FlaE) = (MvE)

Definition 2.12[27] Let 1 be a collection of soft sets over
a universeX with a fixed set of parametefs, thent C
SS(X)e is called a soft topology oK if

(L)X, @ € T, whereg(e) = p andX(e) = X, Vec E,
(2)the union of any number of soft setstibelongs tor,
(3)the intersection of any two soft setsiirbelongs tor.

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

Definition 2.13[26] Let (X,7,E) be a soft topological
space. A soft sefF, A) overX is said to be closed soft set
in X, if its relative complemen(tfF, A) is an open soft set.

Definition 2.14[26 Let(X,7,E) be a soft topological
space. The members ofare said to be open soft sets in
X. We denote the set of all open soft sets oXeby
OSs(X, 1,E), or when there can be no confusion®$(X)
and the set of all closed soft sets ®B8(X,1,E), or
CS(X).

Definition 2.15[27 Let (X,7,E) be a soft topological
space andF,E) € S§(X)g. The soft closure of F,E),
denoted bycl (F,E) is the intersection of all closed soft
super sets ofF,E) i.e

cl(F,E) N{(H.E)

(H,E) isclosed soft set and (F,E)C(H,E)}).

Definition 2.16[32 Let (X,7,E) be a soft topological
space andF,E) € SS(X)e. The soft interior of(G,E),
denoted byint(G, E) is the union of all open soft subsets
of (G,E) i.e

int(G,E) = O{(H,E)

(H,E) isanopensoft set and (H,E)C(G,E)}).
Definition 2.17]32] The soft se{F,E) € SS(X)g is called
a soft point inXg if there existx € X ande € E such that
F(e) = {x} andF(€') = ¢ for eache’ € E — {e}, and the
soft point(F, E) is denoted bye.

Definition 2.18[32] The soft pointxe is said to be
belonging to the soft séG,A), denoted by£(G,A), if
for the elemenec A F(e) C G(e).

Theorem 2.1[28] Let (X,7,E) be a soft topological
space. A soft poinke.£cl(F,E) if and only if each soft
neighborhood ok intersectgF, E).

Definition 2.19[27 Let (X,1,E) be a soft topological
space and be a non null subset of. ThenY denotes the
soft set(Y,E) overX for whichY(e) =Y Vec E.
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Definition 2.20[27] Let (X,7,E) be a soft topological
spaceF,E) € SS(X)g andY be a non null subset of.
Then the sub soft set ¢F,E) overY denoted by(Fy,E),
is defined as follows:

F(e)=YNF(e) VeeE.
In other wordgFy,E) = YA(F,E).

Definition 2.21[27 Let (X,7,E) be a soft topological
space an be a non null subset of. Then

v ={(~,E): (F,E) e 1}

is said to be the soft relative topology ¥rand(Y, 7y, E)
is called a soft subspace OX, 7,E).

Theorem 2.2[27] Let (Y, 1v,E) be a soft subspace of a
soft topological spacéX, 7,E) and(F, E) € SS(X)g. Then

(1)If (F,E) is an open soft set i andY < T, then(F,E) e
T.
(2)(F,E) is an open soft set mr if and only if (F,E) =
Y\(G,E) for some(G,E) €
(3)(!5 E) is a closed soft set ihr if and only if (F,.E) =
YA (H,E) for some(H, E) is 7-closed soft set.

Definition 2.22[9] Let (X,7,E) be a soft topological
space andF,E) € SS(X)e. Then (F,E) is called semi
open soft set iffF, E)Cdl(int(F,E)). The set of all semi
open soft sets is denoted BPS(X, T, E), or SOS(X) and

the set of all semi closed soft sets is denoted by(e)f;

SX, 1,E), or SCS(X).

Definition 2.23[9] Let (X,7,E) be a soft topological
space, (F,E) € SS(X)g and xe € SS(X)g. Then x is
called semi closure soft point of (F.E) if
(F,E)A(H,E) # @ V (H,E) € SOS(X). The set of all
semi closure soft points ofF,E) is called semi soft
closure of (F,E) and is denoted by Scl(F,E)
consequently, Scl(F,E) = N{(H,E) (H,E) €
LS(X), (F,E)C(H,E)}.

Definition 2.24[1] Let SS(X)a andSS(Y)g be families of
soft setsu: X — Y andp: A— B be mappings. Lefy, :
SS(X)a — SS(Y)g be a mapping. Then;

(If (F,A) € SS(X)a. Then the image off,A) underfpy,,
written asfpu(F,A) = (fou(F), p(A)), is a soft set in

SS(Y)g such that

fpu(F)(b) =
Ukep-10)a U(F (@),  pt(b)NA# o,
o, otherwise.

forallb e B.

)If (G,B) € SI(Y)s.

under fp,, written asf,'(G,B) =
is a soft set iIrSS(X)a such that

fpijl(G)(a) — { ;jl(G(p(a))),

forallac A

Then the inverse image

(fod'(G), P

p(a) € B,
otherwise.

(EGB

The soft functionfpy is called surjective ifp andu are
surjective, also is said to be injective g and u are
injective. Definition 2.25[9,17,32] Let (X,11,A) and

(Y, 12,B) be soft topological spaces and
fpu: SS(X)a — SS(Y)g be a function. Then, the function
fpu is said to be

(1)Continuous soft iff , L(G,B) €11V (G,B) € 1.

(2)Open soft iff (G, A) € 1V (G,A) € 1.

(3)Homeomorphism soft if it is bijective, continuous soft
and fpj} is continuous soft.

(4)Semi open soft if ju(G,A) € SOS(Y)V (G,A) € T1.

(5)Semi continuous soft if; (G, B) € SOS(X)V (G,B) €
T2.

(6)Irresolute soft if f;!(G,B) € SOS(X)V (G,B) €
SOS(Y)|[ i (F,B) € SCYX)V (F,B) € CH(Y)].

(7)Irreso|ute open soft (resp. irresolute closed soft) if
fou(G,A) € SOS(Y)V (G,A) €
SOS(X)(resp. fou(F,A) € SCS(Y)V (F,A) € C(Y)).

Theorem 2.3[1] Let SS(X)a and S§(Y)g be families of
soft sets. For the soft functiofy, : SS(X)a — SS(Y)s,
the following statements hold,

(@i ((G,B)) = (fni'(G,B))'V (G,B) € S§(Y)e.

(b)fpu(Fau((G.B)))C(G,B)Y (G,B) € SS(Y)e. If fpu is
surjective, then the equality holds.

(c)(F,A)gfﬁ,l(fpu((F,A)))v (F,A) € S§X)a. If fpy is
injective, then the equality holds.

(d)fpu( )CY If fpu is surjective, then the equality holds.

1(Y)=Xand pr(QDA) @B

(HIf (F AC(G,A), thenfuy(F,A)Cfp

) 3 (F,B)<(G, B),
fgul(F,B)gf;u G.B)V (F.B),(G

(il [(F.B

[

=
—~

v (F,

B),
() foul(F,A)O(G, = fpu(F A)Ufpu(G,A) and
foul(F,AN(G, fou(F. AN (G, A)
v (F,A) (GA) e SS( )a. If fpy is injective, then the

equality holds.

Proposition 2.1[12] Let (X,7,E) be a soft topological
space(F,E) € SS(X)g andx € X. Then:

(1)x € (F,E) if and only it xe C(F,E).
(2)If xeN(F,E) = @, thenx ¢ (F,E).

Definition 2.26[8]. A non-empty collection of subsets of
a setX is called an ideal oiX, if it satisfies the following
conditions

()AclandBel = AuBel,
(2AclandBCA=Bel,
i.e.l is closed under finite unions and subsets.

Definition 2.27[14] Let i be a non-null collection of soft
sets over a universk with a fixed set of parametets,
thenl C SS(X)g is called a soft ideal oX with a fixed set
E if

(1)(F,E) e and(G,E) e I = (F,E)J(G,E) €
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(2)(F,E) € ' and(G,E)C(F,E) = (G,E) €1,

i.e.l is closed under finite soft unions and soft subsets.

Theorem 2.4[14] Let (X, 1,E) be a soft topological space,
| be a soft ideal oveX with the same set of parametéts

andcl* : SS(X)g — SS(X)e be the soft closure operator.

Then there exists a unique soft topology o¥Xewith the
same set of parameteks finer thant, called thex-soft
topology, denoted by* (I )orr given by

() = {(F,.E) € SS(X)e: d*(F,E) = (F.E)}. (1)

Theorem 2.5[11] Let (X;,11,A,1) be a soft topological
space with soft ideal(X,12,B) be a soft topological
space andfp, : (X1, 71,Al) — (X2,12,B) be a soft
function. Thenfpy (1) = { fpu((F,A)) : (F,A) € [} is a soft
ideal onXo.

3 Soft regular spaces via soft ideals

Then_t defines a soft topology onX. Let
= {@,(I1,E),(12,E), (I13,E)} be a soft ideal oveK
where (I1,E),(12,E),(I3,E) are soft sets oveiX
defined by;

l1(er) = {hz2}, l1(e2) = @,

l2(€1) = @, 12(€2) = {1},

I3(e1) = {ha}, Is(e2) = {ha}.

Then(X,1,E,I) is not softi-regular space. Because,
for the closed soft seff,E) such thath; ¢ (F[,E),
there are no two disjoint open soft sgt4 E) and
(B,E) such thah; € (A E) and(F{,E) — (B,E) €.

Lemma 3.1.Let QX 17,E) be a soft topological space and
xe X | (X, 1,E,l)is sofH -regular space. Then, for every
closed soft se¢G E) such thake (G, E) = @, there exist
disjoint open soft setéF;, E) and (F,, E) such thaixg —
(F,E) el and(G,E) — (F,E) €l.

Proof. Obvious.

Proposition 3.1.

(1)Every soft regular space is a sbftegular.

In the present section, we introduce the notions of soft2)f "= g, then(X, 7,E . is soft regular space if and only
regular spaces based on the notions of semi open soft sets’ if it is soft-i- regular space.

and soft ideals. Also, we discuss some properties of these
notions and introduce an alternative descriptions of theProof. Obvious.

notions of soft regular spaces via soft idealk {vhich is
more general.

Definition 3.1. Let (X, T,E, i) be a soft topological space
with soft ideal andH, E) be a closed soft set ovirsuch
thatx ¢ (H,E) for x € X. Then(X, t,E, 1) is called a soft-
I-regular space if there exist disjoint open soft S&E)
and(G,E) such thak € (F,E) and(H,E) — (G,E) € I.
Definition 3.2. Let (X, T,E,I) be a soft topological space
with soft ideal andH, E) be a closed soft set ovédrsuch
thatx ¢ (H,E) for x e X. Then(X,1,E ) is called a soft-
I-regular space if there exist d|$Jomt open soft &)
and(G,E) such thak € (F,E) and(H,E) — (G,E) € I.

Examples 3.1.
(D)LetX = {hy, h}, E = {e1, &2} and1 = {X, ¢, (F, E),
(F2,E), (F3,E), (F4,E)} where

(F1,E),(F2,E), (F3,E), (F4,E) are soft sets oveX
defined as follows

Fi(er) ={hi}, Fi(e)={hz},
F(e1) = {hz} Fa(e2) = {ha},
F(e1) = ( ) ={hs},
Fa(er) = {hl} Fa(e2) = X

Then_t1 defines a soft topology onX. Let
I '={@,(I1,E)} be a soft ideal oveX where(ly,E) is
soft set ovelX defined byl;(er) = {h2}, l1(e2) =
Then(X,1,E,l) is a soft}-regular space.
(2QLet X = {h,hy,hs}, E = {eye}
= {X q)a(FL )7(F27E)7
(F3,E)} where (F,E), (F,E), (Fs,E) are soft sets
overX defined as follows:

and

Theorem 3.1.(X,7",E) is a softi-regular space if and
only if (X, 1,E) is softd-regular space.

Proof. (:=) Let (X,1*,E) be a softl-regular space and
(H,E) be at-closed soft set such thatZ (H,E). Since

T C 1%, It follows that, (H,E) is T*-closed soft set such
thatx ¢ (H,E). Since(X,1*,E) is a softi-regular space.
Hence, there exist d|510|rut* open soft setgF,E) and

(G,E) such thatxg — (F,E) € I and (H,E) — (G,E)

from Lemma 3.1. SincéF,E) and (G,E) are T*—open

soft sets. Then, (F,E) = (AJE) — (I3,E) and
(G,E) = (B,E) — (I2,E) where (AJE),(B,E) € T and
(I,E),(I2,E) € 1. Thus, x — (AJE) € I and
(H.E) - (G,E) = (H,E) — ((B,E) — (I2,E)) € I. From

Definition 2.27,(H,E) —
is softd-regular space.
(<::) Let (X, 1,E) be a softt-regular space anH,E) be
T*-closed soft set such thatZ (H,E). Since(H,E)’ is
T*-open soft sets. ThertH,E)’ = (G,E) — (I,E) where
(G,E) e tand(l,E) € I. Hence,(G,E)’ is T-closed soft
set such thak ¢ (G,E)'. Since(X,1,E) is soft{-regular
space, then there exist d|3]0|mopen soft set$A,E) and

(B,E) € I. Therefore,(X,1,E)

(B,E) such thatxe — (A,E) € and(G,E) — (B,E) e 1
from Lemma 3.1. So,
(G,E) — (B,E) = [(H,E) — (,E)] — (BE) € I. It

follows that,(H,E) —
soft-l-regular space.
Theorem 3.2. A soft subspace (Y,NTy,E,ry) of a
soft-l-regular spacgX,T1,E,I) is softdy-regular space.
Proof. Lety € Y and(G, E) be a closed soft set i¥i such

(B,E) €. Therefore(X,1*,E) is a

Fi(er) ={hi}, Fi(e) ={ho}, thaty ¢ (G,E). Then (G,E) = (Y,E)"(H,E) for some

Fa(e1) = {hy,h3}, Fa(ez) = {hz,hs}, closed soft se{H,E) in X from Theorem 2.2. Hence,

Fs(e1) = {hy,hz}, Fs(ez) = {hy,h2}. y ¢ (Y,E)A(H,E). Buty e (Y,E), soy & (H,E). Since
(@© 2015 NSP
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(X,T,E,I) is softi-regular space. So, there exist disjoint
open soft sets(Fi,E) and (F2,E) in_X such that
Ye — (F,E) € I and (H,E) — (F;,E) € | from Lemma
3.1. Since(Y,E)N(F1,E) and (Y,E)N(F, E) are disjoint

open soft sets it¥ such thatye — [(Y,E)A(F1,E)] € Iy
and (Y,E)A[(GE) _— (F,E) =
(Y,E)A[(H,E) — (R,E)] € Iy. It follows that,

(Y, v, E,ly) is softdy-regular spaces.

Theorem 3.3.Let (X, T, E) be a soft topological space and
x € X. Then the following are equivalent:

(1)(X,1,E,I) is a softi-regular space.

(2)For every open soft séf, E) such thak € (A,E), there
exists an open soft séF,E) such thatg — (F,E) € i
andcl(F,.E)— (A JE) €.

(3)For every closed soft s€B,E) such thatx ¢ (B,E),
there exists_an open soft sedf,E) such that
xe — (F,E) € I andcl (F,E)A\(B,E) € I.

Proof.

(1)= (2) Let (AJE) be an open soft set such that
x € (AJE). Then,(A,E) is closed soft set such that
x ¢ (A,E)". It follows by (1), there exist disjoint open
soft sets(G,E) and (H,E) such thatxe — (G,E) € |
(H,E) = (H,E) — (ALE) € I. Since
= Q. Then (G,E)C(H,E). So,
. Hence,
JE(H.E) — (AE) el
,E) be a closed soft set such that
hen, (B,E)’ is open soft set such that
. From (2), there exists an open soft set
that x — (F,E) € i and
—(B,E) =cl(F,E)A\(B,E) € I.
et (H E) be a closed soft set such that
,E). From (3), there exists an open soft sets
such that x — (F,E) € J and
)A(H,E) = (H E) — [c(F,E)]" € I, where
(F, E) and [cl(F,E)]" are disjoint open soft sets.
Therefore,(X r E,I) is soft{-regular space.

—|UJ

Theorem 3.4.Let fp, : SS(X)a — SS(Y)g be an injective

soft function. Then,fpu[Fa — Ga] = fou(Fa) — fpu(Ga).

Proof. Lety € fpy[Fa— Gal. Then,

y € fulFa = Gal(b) =
Uacp-1b)na Ul(FA—Ga)(@)], P H(b)NA# g,

o, otherwise.
for all b € B. Sincefpy is injective, theru is injective and
y € uF(a)] — [G(a)]. It follows that, y € u[F(a)] and
y ¢ u[G(a)]. Hence,y € fpu[Fa(b)] andy & fpu[Ga(b)].
Therefore,

y € foulFa(b)] = fpu[Ga(b)] = fpul(Fa — Ga)(b)]. So,
y S fpu(FA) - fpu(GA) ThUS,
foulFa— Gal = fou(Fa) — fpu(Ga).

Theorem 3.5. Let fp, @ SS(X)a — SS(Y)s be a
homeomorphism soft function. If(X,11,A) is a

softd-regular space, the(¥,12,B) is soft-fp,(I)-regular
space.

Proof. Let (G, B) be a closed soft set i andy € Y such

that y ¢ (G,B). Since fy, is homeomorphism soft
function, then 3x € X such that u(x) = y and
(F,A) = flgul(G, B) is a closed soft set ixX such that
x ¢ (F,A). By hypothesis, there exist disjoint open soft
sets (H,A) and (Z,A) such thatx € (H,A) and
(Z,A) — (F,A) €. It follows that,x € Ha(e) for all e € A
and fpu[(Z,A) — (F,A)] € fou(l) from Theorem 2.5.
Hence, u(x) = y € u[Ha(e)] for all e € A and
fou(Z,A) — fpu(F,A) € fpu(l) from Theorem 3.4.
Therefore, 'y € fu(H,A) (W,B) and
(U,B) — (V,B) € fpu(l, where(W, B) is an open soft set in
Y. Therefore(Y, 12,B) is soft-fp,(1)-regular space.

4 Soft semi regular spaces via soft ideals

Definition 4.1. Let (X, 1,E f) be a soft topological space
with soft ideal andH, E) be a semi closed soft set over
such thak ¢ (H,E) for x € X. Then(X,1,E 1 is called a
soft semif-regular space if there exist dISJOInt semi open
soft sets(F,E) and (G,E) such thatx € (F,E) and
(H,E)—(G,E) .

Examples 4.1.
(1)Let

and
where

{h1,hz,hg}, E {er,e2}

-([ E) {X)¢a(Fla )7(F27E)7(F37E)}

( ,E) are soft sets oveX defined as follows:
(el) {h},  Fu(e) ={hi}.

Fo(e1) = {h2}, Fa(e2) = {ha}.

Fa(er) = {hy,ha},  Fs(e2) = {hy, ha}.

Then 1 defines a soft topology onX. Let

i = {,(11,E),(12,E),(I13,E)} be a soft ideal ovek

where (11,E), (I2,E), (I3,E) are soft sets overX

defined by:

/—\

li(er) = {hs}, li(e2) =

o(e)) =@, la(e) = {hs}

la(er) = {hs}, Is(e2)={ha},

Then, (X, 1,E,I) is a soft semi-regular space.
(2QLet X = {h,hy}, E = {e,e} and

T= {X (pv(Flv )a(FZaE) (F3 E)
(F4,E)} where(F,E), (R, E), (Fs,E), (F4, E) are soft
sets oveX defined as follows:

Fi(e1) = {hi}, Fl( ) = {h2},
Fo(e1) = {hz2}, Fa(e2) = {he},
Fs( )=, F3( )—{hl}
Fs(e1) = {h1}, Fa(e) =

Then 1 defines a soft topology onX. Let
i'={@,(I1,E)} be a soft ideal oveX where(l,E) is
soft set ovelX defined byli(e1) = {h1}, l1(e2) = @.
Then (X,1,E,l) is not soft semi-regular space.
Because, for the closed soft séf/,E) such that
hi ¢ (F/,E), there are no two disjoint semi open soft
sets (A,E) and (B,E) such thath; € (A /E) and
(FLE) - (BvE) el
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Lemma 4.1Let (X,1,E) be a soft topological space and
xe X. If (X 1,E,T) is soft semif-regular space. Then, for
every semi closed soft sEB,E) such thake(G,E) = o,
there exist disjoint semi open soft s, E) and(F,E)
such thakg — (F,E) € I and(G,E) — (F2,E) e .

Proof. Immediate.

Proposition 4.1

(1)Every soft semi regular space is a soft sémégular.
()If T = @, then X,1,E I) is soft semi regular space if
and only if it is soft semi—regular space.

Proof. Immediate.

Theorem 4.1.(X,1%,E) is a soft semi-regular space if
and only if(X, 7,E) is soft semil-regular space.
Proof. The proof is similar to the proof of Theorem 4.1.

Theorem 4.2 A soft subspac(eY v, E Iy) of a soft semi-
i-regular spacéX, 1,E,I) is soft Semll“y regular space.
Proof.

Lety e Y and(G,E) be a semi closed soft set ¥
such thaty ¢ (G,E). Then (G,E) = (Y,E)A\(H,E) for
some semi closed soft sgtl,E) in X from Theorem 2.2.
Hencey & (Y,E)A\(H,E). Buty € (Y,E), soy & (H,E).
Since (X, 1,E,l) is soft semit-regular space. So, there
exist disjoint semi open soft se{B;, E) and(F,E) in X
such thaty € (F,E), (H,E) — (F,E) € |. Since
(Y,E)"(F1,E) and (Y,E)"(F,, E) are disjoint semi open
soft sets inY such thaty € (Y,E)A(F,E) and
(Y.E)A[(G.E) — (F2,E)] = (V.E)A[(H.E) — (R,E)] €
ly. It follows that, (Y,7y,E,ly) is soft semily-regular
spaces.

Theorem 4.3.Let (X, 7,E) be a soft topological space and
x € X. Then the following are equivalent:

(1)(X, 1,E, ) is soft semik-regular space.

(2)For every semi open soft sgk, E) such thak € (A E),
there exists an semi open soft $EtE) such thaix €
(F,E) andSscl (F,E) — (AJE) € I.

(3)For every semi closed soft séB,E) such that
x ¢ (B,E), there exists an semi open soft $EtE)
such thai € (F,E), Sl (F,E)1
(B,E) €l.

Proof. The proof is similar to the proof of Theorem 3.3.

Theorem 4.4. Let fpy : SS(X)a — SS(Y)gbe a soft
function which is bijective, irresolute soft and irresaut
open soft. If(X,11,A) is soft semit-regular space, then
(Y, 12,B) is soft semif (I I)-regular space.

Proof. The proof is similar to the proof of Theorem 3.5.

5 Soft semi normal spaces via soft ideals

Definition 5.1.
Let (X,T,E,) be a soft topological space with soft
ideal and(H,E), (K,E) be disjoint semi closed soft sets

over X. Then (X,1,E,i) is called a soft semi-normal
space if there eX|st d|s10|nt semi open soft §éisE) and
(GE) such that (H,E) — (GE) € | and
(K,E)—(F,E) el.

Proposition 5.1

(1)Every soft semi normal space is a soft sémiermal.
@I I = o, then(X 1,E,I) is soft semi normal space if
and only if it is soft semi—normal space.

Proof. Immediate.

Theorem 5.1.(X,7*,E) is a soft semi-normal space if
and only if (X, 7, E) is soft semit-normal space.
Proof. (:=) Let (X,7*,E) be a soft semi-normal space

and (H,E),(K,E) be disjoint T-semi closed soft sets.
Sincet C t*. It follows that, (H,E), (K, E) are disjoint
T*-semi closed soft sets. Sinc¢X,7*,E) is soft
semi{-normal space. Hence, there exist disjaifitsemi
open soft sets (F,E) and (G,E) such that
(K,E) — F,E) €l and(H,E) — (G,E) € I. Since(F,E)
and are T1*-open soft sets. Then,
— (I1,E) and (G,E) = (B, E) (I2,E)
(|1,E) (|2,E) NThUS,
( ) — (I1,E)) eNI and
) — ((B,E) — (I2,E)) € I. From
K.E) — (AE) € | and
(H,El ) e i. Therefore, (X,T,E) is soft
semid -normal space. .
(«:) Let (X,7,E) be a soft semi-normal space and
(H,E),(K,E) be disjointt*-semi closed soft sets. Since
(H,E),(K,E) are t*-semi open soft sets. Then,
(H.E)' = (G.E) — (IL.E) and (K.E)’ = (F.E) ~ (I1.E),
where (G,E), (F,E) € T and (I1,E), (I2,E) € |. Hence,
(G,E),(F,E)" are disjoint 1-closed soft set. Since
X,1 E) is soft semit-normal space, then there exist
disjoint T-semi open soft setsA, E) and (B, E) such that

—

(F.E) — (AE) € I and (G,E) — (B,E) € I. So,
(F.E) — (AE) = [(K,E) — (I,E)] — (AJE) € I _and
(GE) — (BE) = [(H.E) — (I2,E)] - (BE) € I. It
follows that,(K,E) — (AJE) € I and(H,E) — (B,E) € I.

Therefore(X, 7%, E) is a soft semi-normal space.

Theorem 5.2.A closed soft semi subspad¥, tv, E, iv)

of a soft semi-normal space (X,T,E,i) is soft
semidy-normal.

Proof. Let (H,E), (K,E) be disjoint semi closed soft sets

over Y. Since Y is a closed soft set oveX. Then,
(H,E),(K,E) are disjoint semi closed soft sets ovér

By hypothesis, there exist disjoint semi open soft_sets
(F,E) and (G,E) over X such that(H,E) — (G,E) ¢

and (K,E) — (F,E) € 1. It follows that,
YA[(H,E) — (G,E)] € Iy and YA[(K,E) — (F,E)] € Iy.
Hence, (HE) — YA(GE)] € Iv_ and
(K,E) — [YA(F, E)] iy, whereYA\(G,E) andYA\(F,E)

are disjoint semi open soft sets ova&r Therefore,

(Y, v, E, Iy) is a softly-normal space.

Theorem 5.3.Let (X, 1,E) be a soft topological space and
x € X. Then the foIIowmg are equivalent:
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(1)(X,T,E,r) is a soft semi-normal space. easily applied to many problems having uncertainties
(2)For every semi open soft seA E) containing a semi  from social life.Shabir and Naz in2f] introduced and
closed soft setH, E), there exists a semi open soft set studied the notion of soft topological spaces. They
(G,E) such thatH,E) — (G,E) € I andS&l (G,E) — defined soft topology on the collectianof soft sets over
(AJE) el. X. Consequently, they defined soft separation axioms, soft
(3)For every disjoint semi closed soft sed,E) and  regular spaces and soft normal spaces and established
(K,E), there exists a semi open soft $&,E) such  their several properties. Won ir8(] investigate some
that(H,E) — (G,E) € i andSScl (G,E)A(K,E) e . properties of these soft separation axioms. The notion of
Proof. soft ideal is initiated for the first time by Kandil et dl4].
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 idedX, T,E, ). Applications to various

(1) = (2) Let (A,E) be a semi open soft set containing a
semi closed soft sgH,E). Then,(A E) and(H,E)
are disjoint semi semi closed soft sets ovér It

follows by (1), there exist disjoint semi open soft sets ; ; ;
(F1,E) and(F,E) such tha(H, E) (Fl) E)c P and fields were further investigated by Kandil et al0[11,13,

15] introduce the notion of soft semi separation axioms.
(AE) — (RE) € ~| Slnc/e (FLE)A(F2.E) = o. In particular, they study the properties of the soft semi
;,25”# SSal (Fy, B)S(R2, E)' AItE follows  that, regular spaces and soft semi normal spaces. In the present
L . ~ ) - paper,we introduce the notions of sbftegular spaces
(A’E):HSSCI(FLE)Q('AA’E)/H(FZ’E)/ i ~_and softi-normal spaces. Also, the notions of soft semi
(A’F) — (,E) € 1. From Definition 2.27, regular spaces and soft semi normal spaces via soft ideals,
@) :Sfc(é;:t’j)(; ('é’)Egmedle E) be disjoint semi semi which ie weaker than _soft semi regularity.and soft semi
losed soft eets The kE = ] This means normality mentioned in 12]. Also, we discuss their
choseH Sé’ r ) f( E)". Thi properties in detail. We hope that the results in this paper
that, (H, E)" is a semi open soft set containing asemlW|II help researcher enhance and promote the further
closed soft se{K,E). From (2), there exists a semi study on soft topology to carry out a general framework
open soft se{G, E) such thatK.E) — (G.E) e Tand o poir applications in practical life.
Sl (G, E)A(H,E) = Sl (G,E) — (H,E) el
(3)= (1)Let (H,E) and (K,E) be disjoint semi semi
closed soft sets. From (3) there exists a semi open
soft set (G,E) such that(H,E) — (G,E) e | and Acknowledgements
(K.E) — [SSd (G, E)]' = SSdl (G, E)fi(K. E) o .
e I, where(G,E) and [S (G, E)|' are disjoint semi  The aqthors express thelr sincere tha_nks to the reviewers
open soft sets. Therefore(X,r,E,r) is soft for their careful' checking of the details and for helpful
semi{-normal space. cr?mrkr}elnts tr;]at wg_proved '[T]I.S fpapgr. The a_uthozjs. are ?Iso
) thankful to the editors-in-chief and managing editors for
Thearem 5'4'. Let fpu : .SS(X)A 7 SS(Y)B. be a soft their important comments which helped to improve the
homeomorphism function. If (X,1,A) is a soft presentation of the paper
semid-normal space, then (Y,72,B) is a soft ‘
semi-fpy(l)-normal space.
Proof. Let (F,B), (G, B) be disjoint closed soft sets It
Since  fpy is soft homeomorphism,  then
(SA) =Ty 1(F B) and(V,A) = f, 1(G B) are closed soft [1] B. Ahmad and A. Kharal, Mappings on soft classes, New
sets in X such, that Math. Nat. Comput., 7 (3) (2011) 471-481.
(S’A) (V.A) = f u l(F, B) (G,B)] = f u[¢B] = (pA from £2] B. Ahmad and A. Kharal, On fuzzy soft sets, Adv. Fuzzy Syst
Theorem 2.3. By hypothesis, there eX|st open_soft set

2009, Art. ID 586507, 6 pp.
(K,A) and (H,A) in X such that(S A) - (K,A) € | and [3]H. Aktas and N. Cagman, Soft sets and soft groups,
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