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ABSTRACT. This paper introduces semiopen and semiclosed soft sets in soft topological
spaces and then these are used to generalize the notions of interior and closure. Fur-
ther, we study the properties of semiopen soft sets, semiclosed soft sets, semi interior
and semi closure of soft set in soft topological spaces. Various forms of soft functions,
like semicontinuous, irresolute, semiopen and semiclosed soft functions are introduced and
characterized including those of soft semicompactness, soft semiconnectedness. Besides,
soft semiseparation axioms are also introduced and studied.

1. Introduction and Preliminaries

Molodtsov [3] introduced soft set in the year 1999 to deal with problems of
incomplete information. The concept of soft sets enhanced the application poten-
tial of the different generalizations of crisp sets due to the additional advantage of
parametrization tools. The notion of topological space for soft sets was formulated
by Shabir et al. [5] and Cagman et al. [1] separately in 2011. But one group stud-
ied different aspects of topology like soft interior, soft closure, soft neighborhood of
a point, soft limit point of a soft set and soft boundary whereas the other group
defined soft topology consisting of a parameterized family of soft topologies on a set
and studied soft closure, interior, neighborhood including the separation axioms.
Introduction of soft point alongwith the study on interior point, neighborhood sys-
tem, continuity and compactness is found in [6].

Here are some definitions and results required in the sequel. Throughout this
study, U and V denote universal sets, F, E denote two sets of parameters, and
A B,C,D,A;,B;,D;,F,B* D* C F or E , where i € N.

Definition 1.1. [5] Let 7 be a collection of soft sets over a universe U with a fixed
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set E of parameters, then 7 C SS(U)g is called a soft topology on U with a fixed
set B if

(i) ®g, Ug belongs to T;

(ii) the union of any number of soft sets in 7 belongs to 7;

(iii) the intersection of any two soft sets in 7 belongs to 7.

Then (Ug, 7) is called a soft topological space over U. Members of 7 are called open

soft sets and their complements are called closed soft sets.

Definition 1.2. [1] A soft basis of a soft topological space (Ug, 7) is a subcollection
B of 7 such that every element of 7 can be expressed as the union of elements of B.

Definition 1.3. [1] Let (Ug, ) be a soft topological space and Up § Ug where

B C E. Then the collection 7y, = {Ua,(Ug | Ua, € 7,4 € I C N} is called a soft
subspace topology on Up.

Definition 1.4. [6] A soft set Fy € SS(U)g is called a soft point in Ug, denoted
by €p, if for the element e € A, F(e) # ® and F(e ) =® foralle € A — {e}.

Definition 1.5. [6] A soft point €p in said to be in the soft set G¢, denoted by
ep € G, if for the element e € AN C and F(e) C G(e).

~

Definition 1.6. [6] A family U of soft sets is a cover of a soft set Fiy if Fq C

U{(Fa)x | (Fa)x € ¥, A € A}
A subcover of ¥ is a subfamily of ¥ which is also a cover.

Definition 1.7. [6] A family ¥ of soft sets has the finite intersection property
(FIP) if the intersection of the members of each finite subfamily of ¥ is not a null
soft set.

2. Semiopen and Semiclosed Soft Sets

Various generalization of closed and open sets in topological spaces and fuzzy
topological spaces are of recent developments, but for soft topological spaces such
generalization have not been studied so far. In this section, we move one step
forward to introduce semiopen and semiclosed soft sets and study various properties
and notions related to these structures.

Definition 2.1. In a soft topological space (Ug, T), a soft set

(i) G¢ is said to be semiopen soft set if 3 an open soft set Hp such that
Hp C Gc C clHp;

(ii) L4 is said to be semiclosed soft set if 3 a closed soft set K such that
intKp C Ly C Kp.
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Example 2.2. Consider a soft topological spaces (Ug, ), where U = {hy, ha},

E ={ej,ex} and 7 = {®Pg,Ug, L14, Loa, L3a}. The soft sets are defined as follows
Ly(e1) = {ha}, Li(e2) = {h1}, La(e1) = {h2}, La(e2) = U, Ls(e1) = U,

L3(€2) =U.

Then the soft set G¢ given by
G(e1) =U,G(e2) = {h1}
is a semiopen soft set, as L1 4 is a open soft set such that Lq» é Ge é cdliy=Ug.

Again the soft set Kp given by
K(e1) = @, K(e2) = {ha}
is a semiclosed soft set, as (L14)¢ is a closed soft set such that int(L14)¢ = ®g é
Kp C (L1a)°.

Remark 2.3. From definition of semiopen (semiclosed) soft sets and Example 8.2.2
it is clear that every open (closed) soft set is a semiopen (semiclosed) soft set but
not conversely.

Remark 2.4. &5 and Ug are always semiclosed and semiopen.

From now onwards, we shall denote the family of all semiopen soft sets (semi-
closed soft sets) of a soft topological space (Ug,7) by SOSS(U)g (SCSS(U)E).

Theorem 2.5. Arbitrary union of semiopen soft sets is a semiopen soft set.

Proof. Let {(Gc)a | A € A} be a collection of semiopen soft sets of a soft topological
space (Ug, 7). Then 3 an open soft sets (Hp ) such that (Hg)x C (Geo)a C cl(Hp)a
for each \; hence J(Hp)x C U(Ge)x © Ucl(Hg)y and |J(Hg)y is open soft set.

Hence |J(G¢) is a semiopen soft set. O
Remark 2.6. Arbitrary intersection of semiclosed soft sets is a semiclosed soft set.

Theorem 2.7. If a semiopen soft set G¢ is such that G¢ é Kp é clGe, then Kp
is also semiopen.

Proof. As G¢ is semiopen soft set 3 an open soft set Hp such that Hp é Ge é
clHp; then by hypothesis Hg C Kp and clGe C clHg = Kp C clGe C clHp i.e.,
Hp C Kp C clHp, hence Kp is a semiopen soft set. O
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Theorem 2.8. If a semiclosed soft set L4 is such that intL 4 é Kp é L4, then
K p is also semiclosed.

Theorem 2.9. A soft set Go € SOSS(U)g < for every soft point €¢ € Gc, Ja
soft set Hg € SOSS(U)g such that € c Hp C Ge.

Proof. (=) Take Hp = Gc¢.
(<) Ge= U (ee) C

ec€Go ec€Ge

Hy C Go. 0

ZCZ

Definition 2.10. Let (Ug, 7) be a soft topological space and G¢ be a soft set over
U. Then

(i) The soft semi closure of G¢, ssclGe = rN]{SF | Ge é Sp and Sp € SCSS(U)g}
is a soft set.

(ii) The soft semi interior of G¢, ssintGo = O{S’F | Sp é Gc and Sp €
SOSS(U)g} is a soft set.

Thus ssclG¢ is the smallest semiclosed soft set containing G and ssintG¢ is the
largest semiopen soft set contained in G¢.

Theorem 2.11. Let (Ug,7) be a soft topological space and G¢ and Kp be two

soft sets over U, then

(i) Ge € SCSS(U)g < Go = ssclGe;
(ii) Go € SOSS(U)g < Ge = ssintG;

(iii) (ssclGe)® = ssint(GE);

(iv) (ssintGe)® = sscl(GE);

(v) Ge é Kp = ssintGg é ssintKp;
(vi) Go é Kp = ssclGg é ssclKp;
(vii) sscl®p = g and ssclUg = Ug;
(viii) ssint®p = @ and ssintUg = Ug;
(ix) sscl(Ge 0 Kp) = ssclGe U ssclKp;
(x) ssint(Ge N Kp) = ssintGe A ssintKp;
(xi) sscl(Ge N Kp) C ssclGe N ssclK p;
(xii) ssint(Ge U Kp) c ssintGe U ssintKp;
(xiii) sscl(ssclGe) = sscGe;

(

xiv) ssint(ssintGe) = ssintGe.

Proof. Let G and Kp be two soft sets over U.
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(i) Let G¢ be a semiclosed soft set. Then it is the smallest semiclosed set containing
itself and hence G¢ = ssclG¢.
On the other hand, let Go = ssclGe and ssclGe € SCSS(U)p = Geo €
SCSS(U)g.
(i) Similar to (i).
(iii)
(ssclGe) = (({Sr | Ge C Sr and Sp € SCSS(U)g})°
| J{S5 | Go C Sr and Sr € SCSS(U) 5}

~

= |J{Ss | S5 C G and S € SOSS(U) i)
= ssint(G¢).

iv) Similar to (iii).

v) Follows from definition.

vii) Since ®g and Ug are semiclosed soft sets so sscl®p = g and ssclUg = Ug.

(

(

(vi) Follows from definition.

(vi

(viii) Since g and Uy are semiopen soft sets so ssint®g = &g and ssintUg = Ug.
(

ix) We have G¢ C GCUKD and KD c GCUKD Then by (vi),ssclGe C
sscl(GCUKD) and ssclK p c sscl(GcUKD) = ssclKDUsschc c sscl(GCOKD).
Now, ssclGc, ssclKp € SCSS’( Ja = SSCZGCUSSCZKD € SC’SS( )
Then Gc c ssclGe and Kp c ssclKp imply GCUKD c sschcUssclKD, ie.,
sschcUssclKD is a semiclosed set containing GCUKD. But sscl(GcUKD) is
the smallest semiclosed soft set containing GCOK p. Hence sscl(GcOK D) c
sschCOssclKD. So, sscl(Ge U Kp) = ssclGe U ssclKp.

(x) Similar to (ix).

(xi) We have Ge(VKp © Ge and GeKp & Kp
= sscl(GcﬁKD) C ssclGe and sscl(GcﬁKD) C ssclKp
= sscl(GcﬁKD) c sschcﬁssclKD.

(xii) Similar to (xi).

(xiii) Since ssclGe € SCSS(U)g so by (i), sscl(ssclGe) = ssclGe.

(xiv) Since ssintGeo € SOSS(U)g so by (ii), ssint(ssintGe) = ssintGe. O

Theorem 2.12. If G¢ is any soft set in a soft topological space (Ug,T) then
following are equivalent:
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i) G¢ is semiclosed soft set;
ii) int(clG¢) c Ge;
iii) cl(thC) 5 G¢&;

(
(
(
(iv) G¢ is semiopen soft set.

Proof. (i) = (ii)

If Go is semlclosed soft set, then 3 closed soft set Hp such that intHpg C Gco C
Hp = thB C GC C cdGe C Hp. By the property of interior we then have
int(cddGe) CintHgp C Ge.

(ii) = (iii)

nt(clGe) C Ge = GE C C C (int(clGe))° = cl(intGE) 5 G¢.

(iil) =(iv)

Hp = intG¢ is an open soft set such that intG¢ c G¢, c c(intG¢), hence G¢ is
semiopen.

(iv) = (i)

As G is semiopen 3 an open soft set Hp such that Hg C G& C clHg = Hg is a

closed soft set such that G¢ C Hg and G C clHp = intH§ C Gc, hence G is
semiclosed soft set. O

3. Soft Functions

Kharal et al. [2] introduced soft function over classes of soft sets. The authors
also defined and studied the properties of soft images and soft inverse images of soft
sets, and used these notions to the problem of medical diagnosis in medical expert
systems.

Definition 3.1.[2] Let U be a universe and E a set of parameters. Then the
collection SS(U)g of all soft sets over U with parameters from E is called a soft
class.

Definition 3.2.[2] Let SS(U)g and SS(V) g be two soft classes. Then u: U — V
and p : E — E' be two functions. Then a functions f : SS(U)g — SS(V), and
its inverse are defined as

e Let Ly be a soft set in SS(U)g, where A C E. The image of L4 under f is
a soft set in SS(V) such that

FEE = (e Tes™)

’

for e B=p(A)CE.
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e Let G be a soft set in SS(V),, where C C E'. Then the inverse image of
Ge under f is a soft set in SS(U) g such that

f7HGe)(@) = uH(G(p(a)))

fora e D=p 1(C)CE.

Using semiopen and semiclosed soft sets, now we introduce different generaliza-
tions of soft functions in soft topological spaces and investigate their properties.
Definition 3.3. Let (Ug,7) and (V,d) be two soft topological spaces. A soft
function f : SS(U)g — SS(V)y is said to be

(i) soft semicontinuous if for each soft open set Go of Vi, the inverse image
f71(G¢) is a semiopen soft set of Ug;

(ii) soft irresolute if for each semiopen soft set G¢ of Vy, the inverse image f~1(G¢)
is a semiopen soft set of Ug;

(iii) soft semiopen function if for each open soft set L4 of Ug, the image f(L4) is
a semiopen soft set of Vyy;

(iv) soft semiclosed function if for each closed soft set Kp of Ug, the image f(Kp)
is semiclosed soft set of V.

Remark 3.4.
(i) A soft function f : SS(U)g — SS(V) g is soft semicontinuous if for each closed
soft set K, of Vg, the inverse image f~!(K ) is a semiclosed soft set of Ug.

(ii) A soft semicontinuous function is soft irresolute.

Theorem 3.5. A soft function f : SS(U)g — SS(V) g is soft semicontinuous iff

f(ssclLa) C cl(f(Ly)) for every soft set Ly of Ug.

Proof. Let f : SS(U)g — SS(V)g be a soft semicontinuous function. Now

cl(f(La)) is a soft closed set of Vy, so by soft semicontinuity of f, f~(cl(f(La)))

is soft semiclosed and L 4 C f7Y(el(f(LA))). But ssclL 4 is the smallest semiclosed

set containing L 4, hence ssclL 4 é F7YC(f(LA))) = f(ssclLa) é cl(f(La)).
Conversely, let G¢ be any soft closed set of Vi = f~1(G¢) € Up =

f(sscl(f~*(Ge)))

)
C d(f(f(Ge))) = [flsscl(fH(Ge))) € cGe = Go = sscl(f~(Ge))

f~YG¢). Hence f~1(G¢) is semiclosed. O

Theorem 3.6. A soft function f : SS(U)g — SS(V)p is soft semicontinuous iff
f7H(intGe) C ssint(f~1(Gc)) for every soft set Go of Vi

Proof. Let f: SS(U)g — SS(V) g is soft semicontinuous. Now int(f(Gc¢)) is a
soft open set of V, so by soft semicontinuity of f, f~*(int(f(G¢))) is soft semiopen
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and f~1(int(f(Ge))) 5 Gc. As ssintGe is the largest soft semiopen set contained
in Ge, f~1(int(f(Ge))) C ssintGe.

Conversely, take a soft open set Go = f~!(intG¢) c ssint(f~1(G¢)) =
FHGe) C ssint(f~1(Ge)) = f~1(Ge) is soft semiopen. O

Theorem 3.7. A soft function f : SS({U)g — SS(V)g is soft semiopen iff
f@intLa) C ssint(f(La)) for every soft set L4 of Ug.

Proof. If f : SS(U)g — SS(V) is soft semiopen, then f(intL4) = ssintf(intL4) é
ssintf(La).
On the other hand, take a soft open set L4 of Ug. Then by hypothesis, f(La) =

flintLa) i ssint(f(La)) = f(La) is soft semiopen in V. O

Theorem 3.8. Let f: SS(U)g — SS(V) g be soft semiopen. If Ky is a soft set
in Vr and L¢ is closed soft set containing f~'(K ) then 3 a semiclosed soft set

Hp such that K,y C Hp and f~1(Hp) C L.

Proof. Take Hp = (f(L&))°. Now f~(K,) C Le = f(L%) C KS,. Then
L¢, is soft open = f(L¢) is semiopen, so Hp is semiclosed and K E Hp and
fﬁl(HB) C Lc. O

Theorem 3.9. A soft function f : SS(U)g — SS(V)g is soft semiclosed iff
ssclf(La) C f(clLy) for every soft set Ly of Ug.

4. Soft Semicompactness

The study on compactness (which depends on open sets) for a soft topological
space was initiated by Zorlutuna et al. in [6]. Generalization of open sets to
semiopen sets in soft topological spaces also demands generalization of compactness.
This section is devoted to introduce semicompactness in soft topological spaces along
with its characterization.

Definition 4.1. A cover of a soft set is said to be a semiopen soft cover if every
member of the cover is a semiopen soft set.

Definition 4.2. A soft toplogical space (Ug,7) is said to be semicompact if each
semiopen soft cover of Ug has a finite subcover.

Remark 4.3. Every compact soft topological space is also semicompact.

Theorem 4.4. A soft topological space (Ug, T) is semicompact < each family of
semiclosed soft sets in Ug with the FIP has a nonempty intersection.
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Proof. Let {(La)x | A € A} be a collection of semiclosed soft sets with the FIP.

If possible, assume () (La)x = g = U (La)a)¢ = Ug. So, the collection
AEA AEA
{((La)x)¢ | A € A} forms a soft semiopen cover of Ug, which is semicompact. So,

~

3 a finite subcollection A of A which also covers Ug. ie., |J (La)r)¢ = Ugr =
AEA

~

() (La)x = Pg, a contradiction.
AEA

For the converse, if possible, let (Ug, 7) be not semicompact. Then 3 a semiopen
cover {(Geo)a | A € A} of Ug, such that for every finite subcollection A of A we

have |J (Ge)x # Ug = ) ((Ge)r)® # @p. Hence {((Geo)a)¢ | A € A} has the
AEA YN

FIP. So, by hypothesis ﬁ (Ge)r) # P = LNJ (Ge)r # Ug, a contradiction. [
AEA AEA

Theorem 4.5. A soft topological space (Ug, 7) is semicompact iff for every family

U of soft sets with FIP, [\ ssclG¢ # Pg.
Geev

Proof. Let (Ug,7) be semicompact and if possible, let () ssclGe = Pg for
Gocev

~

some family U of soft sets with the FIP. So, | (sscdG¢)® = Ug = T =
Geoev
{(ssclGe)¢ | Go € U} is a semiopen cover of Ug. Then by semicompactness of

Ug, 3 a finite subcover w of Y. ie., | (ssclGe)*=Ug = U G& =Ug =

GoeEw GeoEw
(| G¢ = ®p, a contradiction. Hence [ ssclGeo # Pg.
Geo€Ew Geoev

Conversely, we have () ssclG¢ # ®p, for every family ¥ of soft sets with
Gocev
FIP. Assume (Ug, ) is not semicompact. Then 3 a family T of semiopen soft

sets covering U without a finite subcover. So, for every finite subfamily w of T
we have |J Go #Urg = () G& # @ = {G¢ | Go € T} is a family of soft

GeoeEw GeEw
sets with FIP. Now |J Ge =Ug = () Gt =®g = () sscd(GE) = Op, a
Gc€eY Gec€eY GceY
contradiction. O

Theorem 4.6. Semicontinuous image of a soft semicompact space is soft compact.

Proof. Let f: SS(U)g — SS(V) g be a semicontinuous function where (Ug,7) is
a semicompact soft topological space and (V,d) is another soft topological space.
Take a soft open cover {(Gc)x | A € A} of Vir = {f71((Gc)a) | A € A} forms a soft
semiopen cover of U = 3 a finite subset A of A such that {f~1((Gg)a) | A € A}
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forms a semiopen cover of Ug = {(G¢)x) | A € A} forms a finite soft opencover of
Vi O

Theorem 4.7. Semiclosed subspace of a semicompact soft topological space is soft
semicompact.

Proof. Let Vg be a semiclosed subspace of a semicompact soft topological space
(Ua,7) and {(Gc)a | A € A} be a semiopen cover of Vg. Then the family

{(Ge)a | A € A U(Ua — Vp) is a soft semi open cover of Ua, which has a finite
subcover, as Uy is soft semicompact. So, {(G¢)a | A € A} has a finite subfamily to
cover V. Hence Vg is semicompact. O

5. Soft Semiconnectedness

Connectedness is one of the important notions of topology. Peyghan et al
introduce and study the notions of soft connected topological spaces in [4]. In this
section, we introduce semiconnectedness in a soft topological space and examine its
properties.

Definition 5.1. Two soft sets L4 and Hp are said to be disjoint if L4 (a)NHg(b) =
p,VaecAbeB.

Definition 5.2. A soft semiseparation of soft topological space (Ug, ) is a pair
L4, Hp of disjoint nonnull semiopen sets whose union is Ug.

If there doesn’t exist a soft semiseparation of Ug, then the soft topological space
is said to be soft semiconnected, otherwise soft semidisconnected.

Example 5.3. In the soft topological space of Example 8.2.2, the semiopen soft
sets are L1 4, Loa, L34 and G¢, whose none of the pairs is disjoint. So there doesn’t
exist a soft semiseparation of Ug, and hence is soft semiconnected.

Theorem 5.4. If the soft sets L4 and G¢ form a soft semiseparation of Ug, and
if Vg is a soft semiconnected subspace of Ug, then Vg C L4 or Vg C G¢.

Proof. Since L4 and G¢ are disjoint semiopen soft sets, so are L[ |Vp and G¢( Vs
and their soft union gives Vp, i.e. they would constltute a soft semiseparation of

Vg, a contradiction. Hence, one of L AﬂVB and GCﬂVB is empty and so Vg is
entirely contained in one of them. O

Theorem 5.5. Let Vg be a soft semiconnected subspace of Ug and Kp be a soft
set in Ug such that Vg C Kp C cl(Vp), then Kp is also soft semiconnected.

Proof. Let the soft set Kp satisfies the hypothesis. If possible, let F)y and G¢
form a soft semiseparation of Kp. Then, by theorem 8.5.4, Vg C F4 or Vg C Gg¢.
Let Vg C Fa = sscl(Vg) C ssclFy; since ssclF4 and G¢ are disjoint, Vp cannot
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intersect G¢. This contradicts the fact that G¢ is a nonempty subset of Vg = 3
a soft semiseparation of Kp and hence is soft semiconnected. O

Theorem 5.6. A soft topological space (Ug,T) is soft semidisconnected < 3 a
nonnull proper soft subset of Ug which is both soft semiopen and soft semiclosed.

Proof. Let Kp be a nonnull proper soft subset of Ug which is both semiopen and
semiclosed. Now Hg = (Kp)¢ is nonnull proper subset of Ug which is also both
semiopen and semiclosed = ssclKp = Kp and ssclHc = Ho = Ug can be ex-
pressed as the soft union of two semiseparated soft sets Kp, Ho and so, is semidis-
connected.

Conversely, let U £ be Sermdlsconnected = 3 nonnull soft subsets Kp and He
such that ssclKDﬂHc = @E,Kpﬂsscch = @E and KDUHC = Ug. Now
Kp C SSCZKD and ssclKDﬂHc = oy = KDﬂHC = &y = He = (Kp)©.

Then KDUsscch = Ug and Kp(ssclHe = @5 = Kp = (ssclHg)¢ and sim-
ilarly Ho = (ssclKp)¢ = Kp, Hc are semiopen sets being the complements of
semiclosed soft sets. Also Ho = (Kp)® = they are also semiclosed. O

Theorem 5.7. Semicontinuous image of a soft semiconnected soft topological space
is soft connected.

Proof. Let f : SS(U)g — SS(V)g be a semicontinuous function where (Ug, 7)
a semiconnected soft topological space and (Vjs,d) is a soft topological space .

We wish to show f(Ug) is soft connected. Suppose f(Ug) = Kpl|JHc be a soft
separation. i.e., Kp and H¢ are disjoint soft open sets whose union is f(Ug) =
fY(Kp) and f~'(H¢) are disjoint soft semiopen sets whose union is Ug. So,
f~Y(Kp) and f~'(H¢) form a soft semiseparation of Ug, a contradiction. O

Theorem 5.8. Irresolute image of a soft semiconnected soft topological space is
soft semiconnected.

Proof. Similar to that of Theorem 5.7. O

6. Soft Semiseparation Axioms

Soft separation axioms for soft topological space were studied by Shabir et al.
[5]. Here we consider separation axioms for soft topological spaces using semiopen
and semiclosed soft sets.

Definition 6.1. Two soft sets G¢ and Hp are said to be distinct if G(e) (| H(e) =
o, Yee BNC.
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Definition 6.2. A soft topological space (Ug, 7) is said to be a soft semi Tp-space
if for two disjoint soft points €¢ and €, 3 a semiopen set containing one but not
the other.

Example 6.3.
(i) A discrete soft topological space is a soft semi Typ-space since every €p € U is a
semiopen soft set in the discrete space.

(ii) Consider a soft topological spaces (Ug,T), where U = {hy,ha}, E = {e1,ea}
and 7 = {®g,Ug, L14, Laa}. The soft sets are defined as follows:

L1(€1) = U7 Ll(eg) = (I),

Lg(el) == q), LQ(@Q) =U.

Then (Ug, 7) is a soft semi Ty-space since L1 4 is a semiopen soft set which contains
all the soft points with respect to the parameter e; but does not contain the soft
points with respect to the parameter es, i.e., for all disjoint pairs of soft points in
(Ug,T), we can always find a semiopen soft set containing one but not the other.

Theorem 6.4. A soft topological space is a soft semi Ty-space if the soft semiclo-
sures of distinct soft points are distinct.

Proof. Let € and €g be two distinct soft points with distinct soft semiclosures in
a soft topological space (Ug, 7).

If possible, suppose we had €p € sscl€y, then sscl€p € sscl€y, a contradiction.

So €r ¢ sscley = (sscl€y)® is a soft semi open set containing €z but not €p.
Hence (Ug, T) is a soft semi Typ-space. O

Theorem 6.5. A soft subspace of a soft semi Ty-space is soft semi Tj.

Proof. Let Vg be a soft subspace of a soft semi Ty-space Ug and let €, €5 be two
distinct soft points of V. Then these soft points are also in Ug = 3 a semiopen soft

set He containing one of these soft points, say €, but not the other = Ho(\Vp is
a semiopen soft set containing €r but not the other. O

Definition 6.6. A soft topological space (Ug, 7) is said to be a soft semi Tj-space
if for two distinct soft points €r, € of Ug, 3 soft semiopen sets Hg and G¢ such
that

GF EHB and 6(; ¢HB§
(e g G¢ and €p ¢ Ge.

Example 6.7. The soft topological space in Example 8.6.3.(i%). is also a soft semi
Ti-space, since Lq4 is a semiopen soft set which contains all the soft points with
respect to the parameter e; but does not contain the soft points with respect to the
parameter es and Lo 4 is a semiopen soft set which contains all the soft points with
respect to the parameter e; but does not contain the soft points with respect to the
parameter e;.
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Theorem 6.8. If every soft point of a soft topological space (Ug, 7) is a semiclosed
soft set then (Ug, ) is a soft semi T}-space.

Proof. Let € and €¢ be two distinct soft points of Ug = (€r)°, (E€g)° are

semiopen soft sets such that €z €(€p)¢ and €g ¢€p; €p € (E¢)° and €p ¢
ec. 0

Theorem 6.9. A soft subspace of a soft semi T;-space is soft semi T7.

Definition 6.10. A soft topological space (Ug, 7) is said to be a soft semi T»-space
if and only if for distinct soft points €p, €g of Ug, 3 disjoint soft semiopen sets Hp

and G¢ such that € = Hp and €4 = Ge.

Example 6.11. The soft topological space in Example 8.6.3.(i7). is also a soft semi
Th-space, since L1 4 and Loy are disjoint semiopen soft set.

Theorem 6.12. A soft subspace of a soft semi Th-space is soft semi T5.

Proof. Let (Ug, T) be a soft semi Ts-space and V4 be a soft subspace of Ug, where
ACFEandV CU. Let €r and €4 be two distinct soft points of V4. Ug is soft semi

T5 = 3 two disjoint soft semiopen sets Hp and G¢ such that €p E Hp, € E Ge.

Then Hp(\Va and G¢[\Va are semiopen softs sets satisfying the requirements for
V4 to be a soft semi Th-space. O

Theorem 6.13. A soft topological space (Ug, ) is soft semi T» if and only if for
distinct soft points €4, €k of Ug, 3 a semiopen soft set Sp containing €5 but not

€k such that €x ¢ ssclSp.

Proof. Let €¢, €k be distinct soft points in a soft semi Ty space (Ug, 7).
(=) 3 distinct semiopen soft sets H4 and Wp such that €x = Hyu, € = Wp. This

implies €¢ = H¢§. So, H§ is a semiclosed soft set containing € but not €x and
ssclHG = HY.
(«=) Take a pair of distinct soft points €¢ and €k of Ug, 3 a semiopen soft set Sp

containing €5 but not €x such that €x ¢ ssclSp = €k = (ssclSp)¢ = Sp and
(ssclSp)¢ are disjoint soft open set containing €4 and € respectively. O

Definition 6.14. A soft topological space (Ug, T) is said to be a soft semiregular
space if for every soft point €x and semiclosed soft set L4 not containing €, 3

disjoint soft semiopen sets Ga,,G 4, such that €x c Ga, and Ly § G a,, where
A, A2 CE.
A soft semiregular semi T7-space is called a soft semi T3-space.

Example 6.15. The soft topological space in Example 8.6.3.(i4). is a soft semireg-
ular space which is also soft semi 77 and hence is a soft semi T3-space.
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Remark 6.16. It can be shown that the property of being soft semi T3 is hereditary.
Remark 6.17. Soft semi T3 = soft semi 1o = soft semi T} = soft semi Tj.

Theorem 6.18. A soft topological space which is both soft semicompact and soft
semi 75 is soft semi T3.

Proof. Tt suffices to show every semicompact soft topological space is semiregular.
Let €1, be a soft point and H4 be a semiclosed soft set not containing the point

= ey E (Ha)¢. Now for each soft point €, 3 disjoint semiopen soft sets Kp, and
Hp, such that €p € Kp, and €, € Hp,.

So, the collection {Kp, | A € A} forms a semiopen cover of Hy. Now Hy is a
semiclosed soft set = H 4 is soft semicompact. Hence 3 a finite subfamily A of A

such that Hy4 é U Kp,.
AEA

Take Hp = (| Hp, and Kp = |JKp,. Then Hp, Kp are disjoint semiopen
i=1 i=1

sets such that €y, is a soft point of Hg and F4 é Kp. O

Definition 6.19. A soft topological space (Ug, 7) is said to be a soft seminormal
space if for every pair of disjoint semiclosed soft sets L 4 and K p, 3 two disjoint soft

semiopen sets Ha,, H4, such that Ly C Hs, and Kp C Ha,.
A soft seminormal T7-space is called a soft semi Ty-space.

Example 6.20. It can be verified that the soft topological space in Example
8.6.3.(ii). is a soft semi Ty-space.

Remark 6.21. Every soft semi Ty-space is soft semi T5.

Theorem 6.22. A soft topological space (Ug,7) is seminormal iff for any semi-
closed soft set L4 and semiopen soft set G¢ containing L 4, there exists an soft

semiopen set Hp such that L4 c Hp and sscl(Hp) c Ge.

Proof. Let (Ug,T) be seminormal space and L4 be a semiclosed soft set and G¢
be a semiopen soft set containing Ly = L4 and (G¢)¢ are disjoint semiclosed

soft sets = 3 two disjoint semiopen soft sets Ha,, Ha, such that L4 E Hy, and
(Ge)® € Ha,. Now Ha, C (Ha,)® = ssclHa, C sscl(Ha,)® = (Ha,)® Also,
(Ge)e C Hay, = (Ha,) C Ge = ssclHa, C (Ge).

Conversely, let S4 and Kp be any disjoint pair semiclosed soft sets = Sy c
(Kp)¢, then by hypothesis there exists an semiopen soft set Hp such that S4 C Hpg

and ssclHg C (Kp)® = (Kp) C (ssclHgp)¢ = (Hp) and (ssclHp)¢ are disjoint
semiopen soft sets such that S c Hp and Kp c (ssclHp)". O
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Theorem 6.23. Let f: SS(U)g — SS(V)g be a soft surjective function which
is both irresolute and soft semiopen where (Ug,T) and (Vj,d) are soft topological
spaces. If Ug is soft seminormal space then so is V.

Proof. Take a pair of disjoint semiclosed soft sets La and Kp of Vy = f~1(La)
and f~1(Kp) are disjoint semiclosed soft sets of Ur = 3 disjoint semiopen soft sets

G and Hp such that f~1(L4) C Ge and f~1(Kp) C Hg = L C f(Gc) and
KpC f(Hp) = f(G¢) and f(Hp) are disjoint open soft sets of V» containing L 4
and Kp respectively. Hence the result. O

Theorem 6.24. A semiclosed soft subspace of a soft seminormal space is soft
seminormal.

Proof. Let Vi be a semiclosed soft subspace of a soft seminormal space Ug. Take
a disjoint pair L4 and G¢ of semiclosed sets of Vy = 3 disjoint semiclosed soft sets
Kp and Hp such that Ly = Kp (N]VE/ ,Go = HB(N]VE/. Now by soft seminormality
of Ug, 3 disjoint semiopen soft sets Kp+ and Hp+ such that Kp c Kp+ and
Hp C Hp = L C Kp-(\Vy and G C Hpe(\Vy . O

Theorem 6.25. Every soft semicompact semi T5-space is seminormal.

Proof. Let (Ug, T) be a semicompact semi Th-space. Take a disjoint pair Ly and M4
of semiclosed sets. By Theorem 8.6.18, for each soft point €5, 3 disjoint semiopen

soft sets G., and H., such that €r, c G., and M4 c H.,. So the collection
{Ge,, | e c G.,,i € A} is a semiopen cover of G, . Then by Theorem 8.4.7, 3 a

finite subfamily {G.,, | i =1,2,...,n} such that G, c H{Ge,, |i=1,2,...,n}.

Take Go = ({Ge,, |1 =1,2,... ,n}and Hg = ({He,, | i =1,2,...,n}. Then
G¢ and Hp are disjoint semiopen soft sets such that (g c Gc and My c Hpg.
Hence Ug is seminormal. O

7. Conclusion

In this paper, we continued the work of Shabir et al. [5] which is a step forward
to further enlarge the theoretical base of soft topological spaces. The notions of
semiclosed soft and semiopen soft set are introduced to study various topological
structures like soft semi continuous function, soft semi open and closed function,
soft semi irresolute function, soft semicompactness, soft semiconnectedness and soft
semi separation axioms of soft topological spaces via these sets.
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