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1. INTRODUCTION

In early 1920, the notion of hyperspaces was introduced by Vietories (See [1, 2])
and it has been extensively investigated. Kelley [3] studied the hyperspace of metric
continua which has been applied in dynamical systems (See [4, 5, 6, 7, 8, 9, 10, 11]
for further background). Recently, Macias and Nadler [12] discussed continua whose
hyperspace of subcontinua is a cone.

In 1999, Molodtsov [13] introduced the concept of soft sets applied to several fields
as a tool for dealing with uncertainties (See [14, 15, 16, 17, 18]). Shabir and Naz [19]
defined a soft topology and separation axioms in a soft topological space, and studied
their various properties (See [20, 21, 23, 24, 25]). Nazmul and Samanta [26] proposed
the notion of soft metrics and dealt with its basic properties. Alcantud [27] dealt
with the relationships between fuzzy soft toplogies and soft topologies. Bayramov
and Aras [28] defined newly separation axioms in a soft topological space and investi-
gated their some properties (See [29, 30, 31] for the further researches). In particular,
Debnath and Tripathy [32] studied separation axioms in a soft bitopological space.
Recently, Baek et al. [33] proposed separation axioms in an interval-valued topo-
logical space and discussed some of their properties and some relationships among
them (See [34, 35]). Zorlutuna et al. [22] covered compactness in a soft topological
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space as well as basic properties related to soft topology (See [36, 37, 38]). Lin [39]
introduced the concept of soft connectednes and soft paracompactness and studied
some of their properties (See [38, 40, 41]).

In 2015, Akdag and Erol [42] defined a soft Vietoris topology based on soft sets and
gave the relationship between Vietoris continuity of soft multifunction and continuity
of soft mapping (See [13] for further background). Shakir [14], independently from
Akdag and Erol, defined Vietoies soft hyperspace and obtained some basic properties
of such a soft hyperspace. After that, Demir [45] discussed the Axiom of countabilty
in Vietoies soft hyperspaces in the viewpoint of Akdag and Erol. Ozkan [46] studied
various properties of the continuity of soft multifunction proposed by Akdag and
Erol. As a generalization of classical hyperspaces, it is necessary to obtain various
properties for soft hyperspace. To do our research, first, we recall some basic notions
and results related soft topological spaces. Next, we deal with basic properties of
soft hyperspaces proposed by Shakir [44]. Finally, we discuss separation axioms in
a soft hyperspace.

2. PRELIMINARIES

In this section, we recall basic concepts and results needed in the next sections.
Unless otherwise stated, let X, Y, Z,--- denote non-empty universe sets, F a set of
parameters and 2% the power set of X.

Definition 2.1 ([13, 20]). Let A € 2F, Then an Fj is called a soft set over X, if
F4: A — 2% is a mapping such that F4(e) = @ for each e ¢ A.

For each e € A, F4(e) may be considered as the set of e-approximate elements of
the soft set Fy.

Definition 2.2 ([14, 15]). Let Fiy € SS(X). Then Fj is called:

(i) a null soft set or a relative null soft set (with respect to A), denoted by @ 4, if
Fa(e) = @ for each e € A,

(ii) an absolute soft set or a relative whole soft set (with respect to A), denoted
by Xa, if Fa(e) = X for each e € A.

The empty [resp.whole] soft set over X with respect to E, denoted by @ g [resp.
XE|, is a soft set over X defined by: for each e € E,

op(e) = & [resp. Xg(e) = X].

We will denote the set of all soft sets over X as SS(X), while SSg(X) will denote
the set of all soft sets over X with respect to a fixed E. Throughout this paper,
members of SSg(X) will be written by A, B, C, etc.

Definition 2.3 (See [14, 19]). Let A, B € SSg(X).
(i) We say that A is a soft subset B, denoted by A C B, if A(e) C Ble).
(ii) The intersection of A and B, denoted by AN B, is a soft set over X defined
by:
(AN B)(e) = A(e) N B(e) for each e € E.
(iii) The union of A and B, denoted by A U B, is a soft set over X defined by:

(AN B)(e) = A(e) U B(e) for each e € E.
130
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(iv) The complement of A, denoted by A€, is a soft set over X defined by:
A¢(x) = A(e)® for each e € E.

(v) The dif ference of A and B, denoted by A\ B, is a soft set over X defined
by:
(A\ B)(e) = A(e) \ Ble) for each e € E.

Definition 2.4 ([24, 26, 47]). Let A € SSg(X). Then
(i) A is called a soft point in X with the value x € X and the support e € E or a
soft element, denoted by e_, if for each f € E,

x if f=e
e.(f) =

o) otherwise.

(i) we say that e belongs to A, denoted by e, € A, if e, (e) =z € A(e).
We will denote the set of all soft points over X with respect to E by SPg(X).

Definition 2.5 ([20]). Let e, f, € SPp(X). Then we say that e, and f, are equal,
denoted by e, = f,,ife= f and e, (e) = f,(f), ie, 2 =y.
It is obvious that e_(e) # f,(f) if and only if z # y or e # f.

Result 2.6 (Proposition 3.5, [20]). For each A € SSp(X), A=, cae.-

Result 2.7 (Proposition 3.6, [26]). Let A, B € SSg(X). Then A C B if and only
ife, € B for each e, € A and thus A= B if and only ife, € A= e, € B.

Result 2.8 (Proposition 3.7, [20]). Let A, B € SSg(X) and e, € SPg(X). Then
(1) e, € Aif and only ife, ¢ A°,
(2) e, € AUB if and only ife, € Aore, € B,
(3)e, e ANB ifand only ife, € A and e, € B.

Definition 2.9 ([19]). Let 7 C SSg(X). Then 7 is called a soft topology on X, if it
satisfies the following conditions:

(i) Sp, Xg €T,

(i) ANB € 7 for any A, B € T,

(iii) U;es Aj € 7 for each (4;)jes C 7, where J denotes an index set.

The triple (X, 7, E) is called a soft topological space over X. Each member of 7 is
called a soft open set in X and a soft set A over X is called a closed soft set in X,
if A er.

It is obvious that {@g, X} [resp. SSg(X)] is a soft topology on X. In this case,
{@g,Xg} [resp. SSE(X)] is called the soft indiscrete [resp. discrete] topology on
X and the triple (X, {@g, Xg}, E) [resp. (X,SSg(X), E)] is called a soft indiscrete
[resp. discrete] space (See[l9)]).

Result 2.10 (Proposition 4, [19]). Let (X, 7, E) be a soft topological space, 7¢ the
set of all closed soft sets in (X, ,E). Then
(1) g, Xg €71°,
(2) AUB e 7° for any A, B € 7°,
(3) mjeJAj € 7¢ for each (A;)jeq C T°.
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Result 2.11 (Proposition 5, [19]). Let (X, 7, E) be a soft topological space. Then
the collection of subsets of X

7. ={A(e) €2X : Ac 1} for each e € E

is a topology on X.
In this case, 7, is called the topology on X induced by E.

Definition 2.12 ([47]). Let (X, 7, E) be a soft topological space, e, € SPg(X) and
A € SSE(X). Then e, is called a soft interior point of A, if there is U € 7 such that
e, €U CA

Definition 2.13 ([20]). Let (X, 7, E) be a soft topological space and A € SSg(X).
Then the soft interior and the soft closure of A, denoted by Sint(A) or A° and
Scl(A) or A, are soft sets over X, respectively defined as follows:

Sint(A) = {U e 7:U C A}, Scl(A) = {Fer°: AC F}.

Result 2.14 (Theorems 8 and 11, [20]). Let (X, 7, E) be a soft topological space and
A, B € SSg(X). Then the followings hold:

(1) Scl(A)° = Sint(A°),

(2) Sint(Sint(A)) = Sint(A), Scl(Scl(A)) = Scl(A),

(3) if A C B, then Sint(A) C Sint(B), Scl(A) C Scl(B),

(4) Sint(A) N Sint(B) = Sint(AN B), Scl(A) N Scl(B) C Scl(AN B),

(5) Sint(A) U Sint(B) C Sint(AU B), Scl(A) U Scl(B) = Scl(AU B).

Definition 2.15 ([17]). Let (X, 7, E) be a soft topological space, e, € SPg(X) and
A € SSg(X). Then A is called a soft neighborhood (briefly, snbd) of e_, if there is

U € 7 such that e, € U C A, i.e., e, is a soft interior point of A. The set of all soft
nbds of e, will be denoted by N(e,), i.e.,

N(e,) ={A € SSg(X) : there is U € T such that e, € U C A}.
In particular, the family of all soft open nbds of e_, denoted by SN (e, ),
SN(e,)={Ue€r:e, €U}
will be called the system of soft open neighborhoods of e .

Result 2.16 ([17]). Let (X,7,E) be a soft topological space, e, € SPr(X) and
A, B € SSg(X). Then the followings hold:

(1) if A€ SN(e,), thene, € A,

(2) if A, Be SN(e,), then AN B € SN(e,),

(3) if A SN(e,) and A C B, then B € SN (e,),

(4) if A € SN(e,), then there is U € SN(f,) such that A € SN (e,) for each
[, € SPp(X) such that f, € U,

(5) A € 7 if and only if A contains a soft nbd of each of its points.

Definition 2.17 (Proposition 3, [18]). Let (X, 7, E) be a soft topological space,
e, € SPp(X) and A € SSg(X). Then e, is called a soft limit point of A, if
Un(A\{e,}) # @g for each U € SN(e,). The set of all soft limit points of A4 is
called the derived soft set over X and will be denoted by Sd(A).
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Result 2.18 (Theorems 13 and 15, [20]). Let (X, 7, E) be a soft topological space
and A, B € SSg(X). Then the followings hold:
(1) AU Sd(A) = Scl(A),

(2) Sd(A) C Scl(A),

(3) if A C B, the Sd(A) C Sd(B),
(4) Sd(AN B) C Sd(A)n Sd(B),

(5) Sd(AUB) Sd(A) U Sd(B),
(6) A € ¢ if and only if Sd(A) C A.

Definition 2.19 ( [28]). A soft topological space (X, 7, E) is called a:

(i) soft To-space, if for any e, , f, € SPgp(X) with e, # f, , there are a U €
SN(e,), a V€ SN(f,) such that eithere, €U, f, ¢Uor f, €V, e, &V,

(ii) soft Ti-space, if for any e , f, € SPr(X) with e, # f,, there are a U €
SN(e,), a Ve SN(f,)such thate, €U, f, ¢ U and f, €V, e, ¢V,

(iii) soft Ty-space, if for any e, f, € SPg(X) with e, # f,, there are a U €
SN(e,), a Ve SN(f,)such thate, €U, f, € Vand UNV = @,

(iv) soft regular space, if for each A € 7¢ with e, ¢ A, there are two U, V € 7
such thate, €U, ACV and UNV =g2g,

(v) soft Ts-space, if it is both a soft regular and a soft T;-space.

Result 2.20 (Theorems 4.1 and 4.4, [28]). Let (X, 7, E) be a soft topological space.
Then

(1) X is a soft Ti-space if and only if e, € ¢ for each e, € SPr(X),

(2) X is a soft Ts-space if and only if for each e, € U € T, there is V € T such
thate, € V.C Scl(V) C U.

Result 2.21 (Proposition 4.1 and Theorem 4.5, [28]). Let (X, 7, E) be a soft topo-
logical space. If X is a soft T;-space, then (X,7,) is a T;-space for each e € E,
where i € {0,1,2,3}.

Definition 2.22 ([19]). A soft topological space (X, 7, E) is called a:

(i) soft normal space, if for any A, B € 7¢ with AN B = @, there are U, V € 7
such that ACU, BCVand UNV = g2g,

(ii) soft Ty-space, if it is both a soft normal-space and a soft T1-space.

From Remarks 4.1, 4.2 and 4.3 in [28], the following implication hold:
(2.1) soft Ty = soft Ty = soft To = soft Ty = soft Ty.

Result 2.23 (Theorem 4.6, [28]). Let (X, T, E) be a soft topological space. Then X
is a soft Ty-space if and only if for each A € ¢ and each U € T with A C U, there
isaV €T such that ACV C Sel(V) C U,

Definition 2.24 ([24]). Let (X, 1, E) be a soft topological space and 8 C 7. Then
B is called a soft base for 7, if every member of 7 can be expressed as the union of
some members of f.

Result 2.25 (Proposition 3.13, [24]). Let (X, 7, E) be a soft topological space and
B C 7. Then B is a soft base for T if and only if for each A € T and each e, € A,
there is a B € B such thate, € B C A.
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Result 2.26 (Proposition 3.14, [24]). Let 8 C SSg(X). Then B is a soft base for
a soft topology on X if and only if it satisfies the following conditions:

(1) og € 8,

@) xp = U5,

(3) if By, By € B, then there is a B C B such that By N By = UB/, i.e., if
Bi, By € B ande, € By N By, then B € 8 such that e, € B C B; N Bs.

3. A SOFT VIETORIES TOPOLOGY AND ITS BASIC PROPERTIES
In this section, we define a soft hyperspace and study its various properties.

Notation 3.1. Let (X, 7, E) be a soft topological space, A € SSg(X) and e € F.
Then

() 25 = {F 7 F £ o).

(i) 24 = {F € 2% : F C A},

(iii) 2X ={F(e) e : F(e) # 2},

(iv) 2‘4(6 ={F(e) € 25( : F(e) C A(e)}.

Example 3.2. (1) (See Example 4, [19]) Let X = {z,y, 2}, E = {e, f} and 7 be be
the soft topology on X given by:

T = {gEyAlaA27 A37 A4a A57A6aA77XE}’

where Al(e) Ai(f) =A{=z,y}, Asle) ={y}, Ao(f) = {x, 2},
As(e) ={y, 2}, As(f) ={z}, Asa(e) ={y}, As(f) = {z},
(e) {z.y}, As(f) =X, Ae(e) = X, Ao(f) = {z,y},
Az(e) ={ >Z} A7 (f) = {x, 2}

Then 7¢ = {@E, Ag,Ag,Ai,Ag,Ag,A%,XE},

where Ac(e) ( ) ={z}, As(e) = {z, 2}, A5(f) = {y},
(6> {‘T}a ( ) = {y,z}, Ai(e) = {I7Z}ﬂ Ai(f) = {y,z},
Ag(e) ={z}, Ac(f) @, Aile) =@, AG(f) ={z},
A5(e) = {a}, A5() = {y}.

Thus 2X =7\ {Dg}.

Now consider the soft set A over X defined by A(e) = {z,y}, A(f) = {y, 2}
Then clearly, 2‘2 = {A§, A5, AS}.

(2) (See Example 2.13, [24]) Let X = {a,b} and E = {e, f}. Consider all possible
soft sets over X given as follows:

g, Aile) =@, Ai(f) ={a}, Az(e) =@, Aa(f) = {b},
As(e) =@, As(f) = X, Asle) ={a}, Aua(f) =2, As(e) = As(f) = {a},
Ag(e) = {a}, Ae(f) = {b}, Ar(e) = {a}, A7(f) = X, As(e) = {b}, As(f) =2,
Ag(e) = {b}, Ag(f) ={a}, Awo(e) = Aio(f) = {b}, A1n1(e) = {b}, An(f) =X,
Aia(e) = X, A1a(f) = @, Ais(e) = X, Ais(f) = {a}, Aua(e) = X, Au(f) = {b}, Xp.

Let 7 = {@g, Az, Ag, A11, X} Then we can easily check that 7 is a soft topology
on X. Thus 7¢ = {@p, AS, AS, A, XE} = {@E, A13, A9, Ay, Xg}. So we have

2X = (A4, Ag, A13, X} = 7\ {@r}, 22 =2, 247 = {A,}.
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On the other hand, 7, = {3, {a}, {b}, X} and 7, = {@, {b}, X}. Hence we get
2X = {{a}, {0}, X}, 25 = {{a}, X}, 2[ = {a}, 2!} = o.
Proposition 3.3. Let (X, 7,E) be a soft topological space, A, B € SSg(X) and
(Aj)je.l C SSE(X) Then
(1) 2478 = 22 128 and generally, 27 =, 2,
(2) A C B if and only if 2‘2 C 25 and thus A = B if and only if 22 =28,

E

Proof. The proofs follows from Notation 3.1 and the definitions of the inclusion and
the intersection of soft sets. O

Corollary 3.4 (See Exponential topology, [49]). Let (X, 7, E) be a soft topological
space, e € E, A, B € SSg(X) and (4;)je; C SSe(X). Then
(1) 2A(NB(e) — 24(e) 4 2B(e) gnd generally, 2ies A1) = Njes 24i(€),
(2) A(e) C Ble) if and only if 24(¢) C 2B(©) and thus A(e) = B(e) if and only if
9A(e) — 9B(e)
Proposition 3.5. Let (X, 1, E) be a soft topological space and A € SSg(X). Then
2X\ 24 =(Fe2X . FNnA#0og}

Corollary 3.6 (See Exponential topology, [49]). Let (X, 7, E) be a soft topological
space, e € E and A € SSg(X). Then

2%\ 240 = {F(e) € 2% : F(e) N A(e) # o}.
Notation 3.7. Let (X, 7, E) be a soft topological space and Ay, Ay, , A, any
finite system of arbitrary soft sets over X. Then B(Ag, A1, -+, A,) is defined as
follows:
A X\ 5AS X\ 9AS X\ 9A¢
B(Ag, A1, Ap) =202 0(2, \2,7) N (25 \2.2) NN (2 \ 207).
It is obvious that
B(Ag, A1, -, Ap) :{FEQ?:FCAO, FNA, #0%g foreachi=1, ---, n}.
In this case, B(Ap, A1, -+, A,) will be denoted by (Ag, Ay, -+, Ap).

Proposition 3.8. Let (X, 7, E) be a soft topological space and Sg. the collection of
all onE and 2‘;{\256, where U € T. Let Bg, be the collection of all finite intersections
of members of Sse. In fact, for each B € Bge, there are Uy,Uy,--- ,U, € T such
that
B = Uy, Uy, -+ ,U,).
Then there is a unique topology Tse on 2;( such that Sge is a soft subbase for Tge
and Bge a soft base for Tge.
In this case, Tg. is called the soft exponential topology on 2§.

Proof. The proof is almost similar to Theorem 1.12 in [50]. O

Corollary 3.9 (See Exponetial topology, [19]). Let (X, 7, E) be a soft topological
space and S, the collection of all of 2Y(®) and 2%\ 2V where U(e) € 7, for each
135
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e € E. Let B, be the collection of all finite intersections of members of Se. In fact,
for each B € B, there are Uy(e),Ur(e),- -+ ,Un(e) € T, such that

B = (Uo(e),Ui(e), - ,Un(e)) .

Then there is a unique topology Tep,.c on 25( such that S. is a subbase for Tep. and
Be a base for Tep.e.
In this case, Tep e is called the exponential topology on 25( for e € E.

For a soft topological space (X, 7, E) and any soft sets Uy, Us, ---, U, be over
X, let (Uy,Us,---,U,) be the collection of soft closed sets in X defined by:
(U1, U, Up) ={F €2 : FC|JUi, ENU; # @g for eachi=1, 2, --- ,n}.
i=1

Proposition 3.10. Let (X, 7, E) be a soft topological space and Bg, a family of the
form (Uy,Us,--- ,Uy) such that U; € T for each i =1, 2, --- 'n. Then Bg, is a
soft base for some topology Ts, on 22(. In fact,

Tso ={P}U{U € SSp(X):U = UB for some B C Bgy}.

In this case, Tg, is called the soft Vietories (finite) topology on 2;(. The pair
(2%, Tsy) is called a soft hyperspace with soft Vietories topology (briefly, soft hyper-
space) (See Definition 3.2, [11]).

Proof. Since 2% = (Xg) and (Xg) € Bsy, 2% = JBsy. SupposeU = (Uy,Us, - -+ ,Uy) ,

V= (WV,Vo,-o- Vi) € Bgy and let U = J_, U;, V = Ujm:lvj Then clearly,

U, V € 1. Moreover, we can easily prove that the following holds:
unv=Unv, - U, NV,UNV, -  UNV,).

Thus Bg, is a base for Tg,. O

Remark 3.11. If E is a singleton set, then soft hyperspace of a soft topological
space (X, 1, E) coincide with the classical hyperspace.

Corollary 3.12 (See Proposition 2.1, [51]). Let (X, 7, E) be a soft topological space
and By, a family of the form (Uy(e), Us(e),- - ,Up(e)) such that U;(e) € T, for each
i=1, 2, --- ,n and each e € E. Then B, is a base for some topology Ty . on 2?.
In fact,

Toe ={2}U{U(e) €2% :U(e) = UB for some B C B, .}

In this case, Ty, is called the Vietories (finite) topology on 25( for e € E. The
pair (2%, T, ) is called a hyperspace with Vietories topology (briefly, hyperspace) for

eeFE.

Example 3.13. Let (X, 7, F) be the soft topological space given in Example 3.2
(2). Then we have
(Az) = (Ag) = (A2, 4g) = &,
(A11) = (A2, A1) = {A4, Agy, (A6, A1) = (XEg) = 255-
Thus Tg, = {2, {A4, Ag}, 22 }. Furthermore, we get

7:),6 = {@7{a}7{b}72§}7 7:1,f = {@va}'
136
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Proposition 3.14. Bg. and Bs, are equivalent and then Tse = Tsy-

Proof. Let (Uy, U, ,Uy) € Bse and F € (Up, Uy, -+ ,U,) . Then clearly, F' C Uy
and FNU; # @g for each i € {1,2,--- ,n}. Let G; = Uy UU; for each i €
{1,2,--- ,n}. Then G; € 7, FNG; # @ foreachi € {1,2,--- ,n} and F C |J_, G;.
Thus F € (G1,Ga,- -+ ,G,) € Bgy and (G1,Ga, -+ ,Gp) C (U, Uy, -+ ,Up) .
Conversely, let F' € (G1,Gs,--+ ,G,) € Bsy. Then F C |J-; G; and FNG,; #
@ for each i € {1,2,---,n}. Let Uy = U, G; and U; = Uy N G; for each
i€{1,2,---,n}. Then clearly, F C Uy and FNU; # @ for each i € {1,2,--- ,n}.
Thus F € <U0,U1,"' 7Un> € Bge and <G1,G2,"' ,Gn> C <U0,U1,"' ,Un> So Bge.
and Bg, are equivalent. a

Lemma 3.15. Let (X, 1, F) be a soft topological space and A € SSg(X). If A € 7°,
then 24, 2X\ 24" € T¢  ie.,

{(Fe2X:FcA}, {Fe2X : FNA+0g}eTS,

Proof. Let F € d(22), where d(2%) denotes the derived set of 24 in (2%, Tg,) and
assume that F ¢ 2’;‘. Then F ¢ A, i.e., there are e € F and x € X such that
e, € F\ A. Since A € 7¢ and e, ¢ A, by Result 2.18(6), e, ¢ Sd(A). Thus there is
U € SN(e,) such that UN A = @g. Since U, Xper, FCUUXg, FNU # o
and F N Xg # @p, F € (U, Xg). Thus 24 0 (U, Xg) = @. So F ¢ d(24). This is a
contradiction. Hence 2‘2 €Tg,-

Now we prove the second part. Let F' € d(2X\24") and assume that F ¢ 2X\24°,
Then clearly, FN A = @g. Since A € 7¢, e, ¢ Sd(A) for each e, € A. By Result
2.18(6), there is U € 7 such that A C U and ANU = @g. Thus F € (U) and
2X\24)N(U) = 2. So F ¢ d(2X\ 24"). This is a contradiction. Hence 2% \ 24" €

So- O
Corollary 3.16 (See Lemma 2.2, [51]). Let (X,7,E) be a soft topological space,
A€ SSg(X) and e € E. If A(e) € ¢, then 24(¢), 2%\ 24()° ¢ Tses i€,

{F(e)e2X : Fe2X F(e) C Ale)}, {F(e) €2X : F€2X, F(e)nNA(e) # @} € T,
Lemma 3.17. If (X, 7, E) is a soft T1-space and A € SSg(X), then

c(22) = 259 [ ing(24) = 25mHA)
where cl(22) and int(22) denote the closure and the interior of 22 in (2%, Tg,).
Proof. 1t is clear that 2? C 2§Cl(A) and 2§CZ(A) C 2‘;‘. It remains to prove that

(3.1) 25¢l(A) ¢l (24),

(3.2) int(24) c 25mHA),

Let F € 2544 je, F C Scl(A). Let U = (Uy,---,U,) be any basic open
set in 2% such that F € (Uy,---,U,) and U = J;_, U;. Then clearly, F C U
and FNU; # @ for each i € {1,--- ,n}. Since F' C Scl(A), by Result 2.18(1),
F C AUSd(A). Then thereise; € ANU; foreachi € {1,--- ,n}. Put G =J;_, e;, .
Since X is soft Ty, G € 7¢. Moreover, G C ANnU and GNU; # @ for each
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i € {1,---,n}. Thus G € 22 NU. So F € cl(22). Hence (3.1) holds. Therefore
cl(22) = 25,

Now let F' ¢ 254 By Result 2.14(1), Scl(A°) = Sint(A)°. Then F ¢
[Scl(A°)]e, ie., FNSc(A)°® # Dp. Let U = (Uy,--- ,Uy) be any basic open set
in 2*;( such that F' € (Uy,--- ,U,) and U = J;_, U;. Then F C U and FNU; # @
foreach i € {1,--- ,n}. Since FNScl(A)® # g, thereise, € U\ A. Put G = FUe,.
Since X is Ty, e, € 7¢. Thus G € 7, ie., G € 2?. Moreover, G ¢ A, G C U and
GNU; # @ for each i € {1,--- ,n}, i.e., G € U. So each neighborhood of F in
2% contains G such that G ¢ A4, i.e., G € 2% \ 24, 1t follows that F ¢ cl(2X \ 24).
Hence F ¢ int(24), i.e., (3.2) holds. Therefore 25°(4) = jn¢(24). O

Corollary 3.18 (See page 161, [19]). If (X, 7, E) is a soft Ty-space and e € E, then
cl(2409)) = 2¢U(A©)) | jnt(24()) = 2nt(A()) for each A € SSE(X).

Theorem 3.19. Let (X,7,E) be a soft Ti-space and A € SSg(X). Then 24 and
2%\ 24 are closed [resp. open] in 2 if and only if A is soft closed [resp. open] in

Proof. The proof follows from Lemma 3.17. g

Corollary 3.20 (See Theorem 17.11L.1, [19]). Let (X, T, E) be a soft Ti-space, e € E
and A € SSg(X). Then 24 and 2X \ 24(¢) are closed [resp. open] in 2% if and
only if A(e) is closed [resp open] in (X T, )

Proposition 3.21. If (X, 7,E) is a soft Ty-space and A € SSg(X), then the set
{Fe2X:ACF} is closed in 22 .

Proof. 1t is sufficient to show that the set {F € 2X : A ¢ F} is open 1n 2X Note
that {F € 2% : A ¢ F} = Ue, ealt € 2X L F C e} = Ue, ca 25 - Since X

is soft Ty, e, € 7°. Then e € 7. Thus by Theorem 3.19, 28E’ is open in 2?. So
{FeFe2X:A¢g F}isopenin2X. a

Corollary 3.22 (See Theorem 17.111.2, [19]). Let (X, T, E) be a soft Ti-space, e € E

and A € SSg(X). Then the set {F(e) € 2X : F € 22X, A(e) C F(e)} is closed in
2%,

Proposition 3.23. For a soft Ty-space (X, 7, E), the followings hold:

(1) Uy, Up) € (Va,--+, Vin) if and only if U;_, Ui € UjL, U; and for each
je{l,---,m}, thereisi e {1,--- ,n} such that U; C V},

(2) cd((Uy,---,Up)) = (Scl(Uy),---,Scl(Uy)), where cl({Uy,---,Uy,)) denotes
the closure of (Uy,--- ,Uy) in (2, Tsy),

(3) if {Ua}aen is a soft neighborhood base at e, then {{(Uy) }aca is a neighborhood
base at {e,} in (2%, Ts,),

(4) if O € Tgy, then | JO € 1.

Proof. (1) Let U = (Uy,---,Uy) and V = (V4,--- ,U,). Suppose U C V and
assume that (J;_, U; ¢ Uj—, Vj,say e;, € U foreachi € {1,--- ,n}ande,y1 €

n41

UL, Us but en 1 ¢ Uj=, V), wheree; € E'and a; € X foreachi € {1,--- ,n,n+
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1}. Since X is a soft T1-space, by Result 2.20(1), ¢;, € 7¢. Thus I’ = ur! €, €T¢
and F' € U\ V. This is a contradiction. So J;_, U; C Uj~, V;. Now assume that the
second part is not true, say there is j € {1,--- ,m} such that U; \ V; # @ for each
each i € {1,---,n}. Then there are ¢; € E and x; € X such that €, € Ui\ 'V;.
Since X is a soft Ty-space, by Result 2.20(1), e;, € 7° Thus A = Ui, e, €T°
and A € U\ V. This is a contradiction. So the second part holds.

Conversely, suppose the necessary conditions hold and let F' € U{. Then clearly,
FcU,U;and FNU; # @ for each i € {1,--- ,n}. Thus by the hypothesis,
FcUL, Vjand FNV; # @ for each j € {1,--- ,m}. So F € V. Hence U C V.

(2) Let F € (Scl(Uy),---,Scl(Uy)), V = (V4,-+-, Vi) be an open neighborhood
of Fin2X, U=, Uiand V =, Vj. Since VeV, FCV and FNV; # &g
for each j € {1,---,m}. Since F € (Scl(Ur),---,Scl(Uy)), FNScl(U;) # @ for
each i € {1,--- ,n}. Moreover, F C Scl(V) and Scl(V) = U/, Scl(U;) by Result
2.14(5). Then V N Scl(U;) # @ # V; N Scl(U) for each ¢ € {1,---,n} and each
je{l,--- ,m}. Thus VNU; # @g #V; NU for each i € {1,--- ,n} and each j €
{1,---,m}. Let us take e; € VNU; and ijj e V;NU for each i € {1,--- ,n} and

each j € {1,---,m}. Since X is a soft T-space, by Result 2.20(1), e;_, ij € 7°.
7

Then F = (U?:l eixi) U (U;n:l ij,-) €7¢. Thus F € (Uy, -, Up) N (Vi, -+, V).

So F € d((Uy,---,Uy)). Hence (Scl(Uy),- -, Scl(Uy)) C cl((Ur,---,Uy)).
Now we show that the converse inclusion holds. It is clear that

(3.3) (Ui, ,Up) C(Scl(Uh),---,Scl(Uy))

and
(3.4) (Scl(Uy),---,Scl(Uy)) = (m{F €2X : FNSc(U;) # @E}> N{(Sc(U)),
i=1

where U = |J!'_, U;. Since Scl(U;) € 7¢ for each i € {1,--- ,n} and SclU) € 7, by
Lemma 3.15, (/. {F € 2% : FN Scl(U;) # @g}) N (Scl(U)) is closed in 2% . Thus
(Scl(Uy),- -+, 8cl(Uy)) is closed in 2% . So cl((Uy, - -+, Uy)) C (Scl(Ur), -+, Sel(Uy)) .
Hence cl({(Uy,--- ,U,)) = (Scl(Uy), -+ ,Scl(Uy)).

(3) The proof is straightforward.

(4) It is sufficient to show that | JU € 7 for each base element U = (Uy,--- ,U,) in
2% Let V.= (Ui, -+ ,Uy,) and e, € V. Let W € SN (e,) such that W c !, U;

and f, € W. Take e; € U; for each i € {1,--- ,n} and let F' = (U?zl eimi) ui{f,}

Since X is soft Ty, F' € 7°. Moreover, F C U?:l U; and F NU; # @ for each
ic€{l,---,n}. Then FF eU. Thus f, € V.So W C V. Hence V € 7. O

The following is an immediate consequence of Proposition 3.23.

Corollary 3.24 (See Lemma 2.3, [51]). Let (X, 7, E) be a soft topological space,
(Ur, -+, Up) and (Vi,- -+, Vi) any base members in (25, T, ) for eache € E. If X
is a soft Ty-space, then the followings hold: ‘
(1) (Uile), -+, Unle)) C (Vi(e), -+, Vinle)) if and only if Ui, Ui(e) C UjZ, Ujl(e)
and for each j € {1,--- ,m}, there isi € {1,--- ,n} such that U;(e) C V;(e),
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(2) Cl({UL(e),-- -, Un(e))) = (cl(Ur(e)),-- -, cl(Un(e))) , where CL((Ui(e), - -, Un(e)))
denotes the closure of (Ui(e),--- ,Up(e)) in (2 JToe),

(3) if {Ua(€)}aen is a nezghborhood base at x in (X, 7,), then {{Uy(e)) taca s a
neighborhood base at {x} in (25,7, .),

(4) if O € Tye, then | JO € 7.

Notation 3.25. Let (X, 7, E) be a soft topological space and e € E. Then
(i) SFn(X) = {F € 2 : F has at most n soft points},

(i) SF(X) = {F € 2X : F is finite},

(ili) SK(X) = {F € 2% : F is soft compact},

(iv) SC(X) = {F € 2% : F is soft connected},

(v) SCk (X) = SK(X) N SC(X),
(
(
(
(

—
=
=

=

i) Fre(X) ={F(e) € 2% : F(e) has at most n elements},
Vii) Fe(X) = {F(e) € 2X : F(e) is finite},

Viii) Ke(X) = {F(e) € 2X : F(e) is compact},

x) Ce(X) ={F(e) € 2% : F(e) is connected},

(x) Cre, (X) = Ke(X) 1 C,(X).

The topology on SK(X) [resp. SF(X), SF,(X), SC(X) and SCk(X)] is the
subspace topology induced by Ts,. Also, the topology on K.(X) [resp. F.(X),
Fne(X), Ce(X) and Ck,_(X)] is the subspace topology induced by 7y .. Moreover,
SF(X) [resp. SF,(X) and SCk(X)] is a subspace of SK(X) and F.(X) [resp.
Fn.e(X) and Ck,_(X)] is a subspace of K (X).

Proposition 3.26. Let (X, 7, E) be a soft T1-space.
(1) If U is an open set in the subspace SK(X), then | JU € T,
(3) If U is an open set in the subspace SF,(X), then | JU € T,
(3) If U is an open set in the subspace SF(X), then JU € 7.

—-

Proof. (1) Suppose U is an open set in SK(X). Without loss of generality, let
U= U, - ,U,)NSK(X) and U = |JU. Let e, € U. Then there is i € {1,--- ,n}
such that e, € U;. Choose ¢; € Uj for each j # i. For each f, € U;, let Fy =

j=1
SK(X). Thus f, € Fy C U.So U; C U. Hence JU € 7.

(2) Suppose U is an open set in SF,(X), let U = (JU and e;, € U. Then
there is F' € SF,(X) such that e;, € F € U. Let I = U, ei,, for m < n. By
the hypothesis, there is a basic open set (Uy,---,Ui) N SF,(X) in 2% such that

€ Uy, - ,Ux) NSF,(X) C U, where k < n. We may suppose er, €U and
let ¥ = {Uy,Us,---,Ux}. For each e, €F, let 7; ={U; € F: e, € U;} and
Vi = ﬂ?zlfi, where ¢ € {1,2,--- ,m} and j € {1,2,--- ,k}. It is clear that V; € 7
for each i € {1,2,--- ,m}. Then by Proposition 3.23(1), we have

Fe Vi, - Vi) NFp(X) C Uy, ,Up) N Fr(X).

(Ui €; )U{fy}. Since X is a soft Ty-space, Fy € 7¢. Then Fy € (Uy,---,Upn)N
@ L 7 y

Let f, € Vi and By, = {f,} U (Ui  ei., ) - Then by Result 2.20(1), By, € 7°
Moreover, Ey € (Vi,--+, V)N Fn(X). Thus Ey € U.So Ey C U.Henceey, , f, €

Vi C U. Therefore U = |JU € 7.
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(3) The proof follows from (2). O

Corollary 3.27. Let (X, 7, E) be a soft Ty-space and e € E.
(1) If U is an open set in the subspace K.(X), then YU € 7,,
(3) If U is an open set in the subspace Fp o(X), then JU € T,
(3) If U is an open set in the subspace F.(X), then JU € T, .

Proposition 3.28. (X, 7, E) is a soft topological space.
(1) If X is soft Ty, then SF(X) is dense in 2.
(2) If X is soft T, then SF,(X) is closed in 2 for each n € N.

Proof. (1) Suppose X is soft T1. Then clearly, c/(SF(X)) C 2. Let F € 2% and
U = (Uy,---,Uy) be any basic open set in 2% such that F € Y. Then F C |J;_, U;
and FNU; # @p for each i € {1,--- ,n}. Let e;, € FNU; for each i € {1,--- ,n}
and G = U, ei,,- Then G € 7¢, G C U, Ui and GNU; # @ for each i €
{1,---,n}. Thus G e U NSF(X). So F € cl(SF(X)). Hence 2% C cl(SF(X)), i.e.,
2% = cl(SF(X)). Therefore SF(X) is dense in 2.

(2) Suppose X is soft Ty and let n € N be fixed. Assume that d(SF,(X)) ¢
SFn(X), say F € d(SF, (X)) \ SFn(X).

Case 1. Suppose F' is a soft set over X having exactly n + 1 distinct elements,
say F = U?:Jrll e;. . Then by the hypothesis, for any ¢ # j € {1,--- ,n + 1}, there
are U; € S./\/(eix:) and U; € SN(e; ) such that U; NU; = @p. Note that I C

U?ill Ui and FNU; # @ for each i € {1,--- ,n+1}. Thus F € (U1, - ,Upi1).
So <U1,' .- ,Un+1> N S]:n(X> # J. But <U1,' .- ,Un+1> N S]:n(X) = @. This is a
contradiction.

Case 2. Suppose F' is a soft set over X containing more than n + 1 elements,
say V = X\ U;fll ei, - Since X is soft Ty, U?:ll ei,, € 7% Then V € 7. Now let
{U;} be the collection of soft open neighborhoods of e;,, such as Case 1. Then F' €
<U1, s ,Un+1, V> . Thus <U1, ce ,Un+1, V>ﬂ8}—n(X) 7&@ But <U1, ce ;Un+17 V>ﬁ
SF,(X) = @. This is a contradiction. So, in either case, SF,(X) is closed in 2. [

Corollary 3.29 (See Lemma 2.4, [51]). Let (X, 7, E) be a soft topological space.
(1) If X is soft Ty, then Fe(X) is dense in 2% for each e € E.
(2) If X is soft Ta, then F,, o(X) is closed in 2% for each n € N and each ¢ € E.

Definition 3.30 ([22]). Let (X, 7, E) be a soft topological space, ¥ a family of soft
sets over X and A € SSp(X). Then ¥ is called a:

(i) cover of A, if ACJY,

(ii) soft open cover of A, if it is a cover of A and ¥ C 7.

If ¥is a cover of A and 2 C V¥ is a cover of A, then  is called a subcover of W.

Definition 3.31 ([22]). Let (X, 7, E) be a soft topological space and ¥ a family of
soft sets over X. Then

(i) we say that U has the finite intersection property, if (2 # @ for each finite
QcCvy,

(i) X is said to be compact, if each soft open cover of X has a finite subcover.
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Result 3.32 (Theorem 7.4, [22]). A soft topological space is compact if and only if
¥ # g for each family U of soft closed sets over X with the finite intersection
property.

Proposition 3.33. (1) If (X,7, E) is a soft reqular space, then |JB € 2% for each
B e SK(X).
(2) If (X, 1, E) is a soft topological space, then | JB € SK(X) for each B € SK(X).

Proof. (1) Suppose X is a soft regular space and let B € SK(2X). Let A = B,
e, € Scl(A) and N € 7¢ with e, € N. Then by Lemma 3.15,

{Fe2X: FNN+#ogp}eTt

Thus BO{F € 2% : FN N # @g} is a closed subcollection of B and has the finite
intersection property. Since B is compact in 2?; , there is D C B such that D # @.
Since X is a soft regular space, e, € B for each B € D. Since D =|JD C 4, ¢, € A.
So Scl(A) C A, i.e., Scl(A) = A. Hence |JB € 2:X.

(2) Suppose X is a soft topological space and let B € SKC(SK(X)). Let A=JB
and U be a collection of soft open sets which covers A. Now let F' € B. Since
B € SK(SK(X)), F is a compact subset of Xg. Since F C A and U is a soft
open cover of A, U is a soft open cover of F. Then there is a finite subcol-
lection {Up1,Up2---,Up,} of U which covers F and Up; N F # @f for each
i€ {1,2,--- ,n}. Thus Up = <UF71,UF72"' ,Up,n> €T, and F € Up. So {Ur}ren
is an open cover of B. On the other hand, since B is compact in SK(X), there is a
finite subcollection {Fy, Fy, -+, F,} of B such that {Ug,,Ur,,--- ,Up, } is a cover
of B. Hence {UF, ;}i=12,... m;j=1,2,- .n is a finite subcollection of ¢ which covers A.
Therefore | B € SK(X). O

We obtain the following results from Result 2.23 and Theorem 2.5 in [51].

Corollary 3.34 (See Theorem 2.5, [51]). (1) If (X, 7,E) is a soft reqular space,
then |JB € 2 for each B € K.(X) for each e € E.

(2) If (X,7,E) is a soft topological space, then |JB € K.(X) for each B €
Ke(Ke(X)) for each e € E.

Definition 3.35 ([39]). Let (X,7,E) be a soft topological space and A, B €
SSE(X). Then A and B are said to be soft separated in X, if ANScl(B) =@ =
Scl(A)N B.

Definition 3.36 ([39]). Let (X,7,E) be a soft topological space and A, B €
SSE(X). Then

(i) A and B are said to be a soft division or a soft separation of X, if A and B
are soft separated in X such that AUB = Xg, A # @ and B # 9,

(ii) X is said to be soft disconnected, if it has a soft division,

(iii) X is said to be soft connected, if it has no a soft division, i.e., it cannot be
expressed as the union of two nonempy disjoint soft open sets.

Result 3.37 (Theorem 4.5, [39]). Let (X, T, E) be a soft topological space. Then the
followings are equivalent:
(1) X has a soft division.
(2) there are A, B € 7¢ such that AUB = Xg and AN B = O,
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(3) there are A, B € T such that AUB = Xg and AN B = @g,
(4) X has a proper soft open and soft closed set in X.

Result 3.38 (Theorem 4.6, [39]). Let (X, 7, E) be a soft topological space. Then the
followings are equivalent:

(1) X is soft connected,

(2) there are not A, B € 7 such that AUB = Xg and AN B = &g,

(3) there are not A, B € 7 such that AUB = Xg and AN B = O,

(4) X has at most two soft open and soft closed set in X, i.e., Ip and Xg.

Proposition 3.39. Let (X, 7, E) be a soft topological space. If B is a connected sub-
set of 2;( containing at least one soft connected element, then | B is soft connected
mn X.

Proof. Suppose B is a connected subset of 22( containing at least one soft connected
element, say D € B and let A = |JB. Assume that A is not soft connected, i.e., A
has a soft division. Then there are A1, Az € SSg(X) such that Ay # @ g, Ay # Tg,
A= A;UAy and SCl(Al) UAy =@ =AU SCZ(AQ) Suppose D C Ay and let

.A1={F€BZFCA1}, AQZ{FEB:FQAQ#QE}.

Then clearly, D € A; and A € As. Thus A; # @ and Ay # &. Moreover,
B =A;UA;. By Lemma 3.15, {FF € B: F C Scl(A1)} and {F € B: FN A2 # g}
are closed in B such that {F € B: F C Scl(41)} D Ay and{F € B: FNAy # @} D
Ag. So{F e B:F C Scl(A1)} =cl(A1) and {F € B: FNAy # @g} = cl(Asz). Now
assume that cl(A;) N Ag # @, say F € cl(A;) N Ag. Then clearly, F C Scl(A1) and
FnNAy+#@g. Since Scl(A1) U Ay = O g, this is impossible. Thus c¢l(A;) N Az = 2.
Similarly, A; N cl(A2) = @. So B is not connected. This is a contradiction. Hence
\J B is soft connected in X. O

Corollary 3.40. Let (X, 7, E) be a soft topological space. If B is a connected subset
of SFn(X) [resp. SF(X) and SK(X)] containing at least one soft connected ele-
ment, then |JB is soft connected in X. In particular, if B is a connected subset of
SCk(X) or SC(X), then B is soft connected in X.

Proof. The proof follows from Proposition 3.39. O

Corollary 3.41 (See Theorem 2.8, [51]). Let (X, 7, E) be a soft topological space and
e € E. If B is a connected subset of 25( containing at least one connected element,
then |J B is connected in (X, 7,).

Corollary 3.42. Let (X, 7, E) be a soft topological space and e € E. If B is a con-
nected subset of F, e(X) [resp. Fe(X) and K.(X)] containing at least one connected
element, then |JB is connected in X. In particular, if B is a connected subset of
Ck, (X) or Ce(X), then U B is connected in X .

Proof. The proof follows from Corollary 3.40. 0

4. SEPARATION AXIOMS IN 2X

In this section, we discuss some relationships between soft separation axioms in
. . . . X
a soft topological space X and separatlciigamoms in a soft hyperspace 2.
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Proposition 4.1. Let (X, 1, E) be a soft topological space. Then
(1) 2% is always Ty (See Proposition 3.4(1), [11]),
(2) if X is a soft Ti-space, then 22 is Ty but the converse is not true.

Proof. (1) Let A, B € 2X with A # B, ie., A\ B # @p. Let 2(¢) € (A\ B)(e) =
A(e) \ B(e) for each e € E and U = B°. Then z € A\ B and U € 7. Moreover,
AC XpUU, ANXp # @5, ANU # @5 but BNU = @5. Thus A € (Xp,U),
B ¢ <XE,U> and <XE,U> € 7:, So 2;( is Ty.

(2) Suppose X is a soft Ti-space and let A, B € 2% such that B\ A # @, say
e, € B\ A. Then B € (Xg,A%), A ¢ (Xg, A% and (Xg, A°) € T,. On the other
hand, by Result 2.19(1), e, € 7¢. Thus € € 7. Moreover, A € (¢), B ¢ (e°) and
(e°) € Ty. So 2% is Ty.

See Example 4.3 for the converse. O

Corollary 4.2 (See Theorems 4.9.1 and 4.9.2, [51]). Let (X, 1, E) be a soft topolog-
ical space and e € E. Then

(1) 2% is always T,

(2) if X is a soft Ty-space, then 25( 1s T1 but the converse is not true.

Example 4.3. Let X be a finite set containing more than two points and 7 be the
soft indiscrete topology on X. Then clearly, (X, 7, F) is not a soft T-space. On the
other hand, 2% = {Xg}. Thus 2 is T;.

Result 4.4 (Theorem 3.2, [36]). Let (X, T, E) be a soft topological space. If X is T,
A and B are soft compact subsets of X and AN B = Og, then there are U, V € T
such that ACU, BCV andUNV =2pg.

Lemma 4.5. Let (X, 7, E) be a soft topological space. If X is soft T, then X is
homeomorphic to the subspace SF1(X).

Proof. Let f : X — 2% be the natural mapping defined by f(z) = {z} for each
z € X. Let e, € SPp(X). Since X is Ty, e, € 7% Then {e,} € 2. Let V be
any neighborhood of {e,} in 2. Then V has the form (V)), where V € 7. Thus
f(V)={V} C (V). So f is continuous. Now let U € 7 and {e, } € f(U) = {U}.
Since e, € U € 7, there is U, such that e, € U., C U. Then {e,} € (U, ) = 2581

Ue . Ue . Ue . . U,
and UemGUQE = C U, ie., UemeUQE @ = {. Since 2,° is open in 25;, UemeUQE @

is open in 2? . Furthermore, f is a homeomorphism between X and the subspace
SF1(X). Thus X is homeomorphic to SF1(X). O

Corollary 4.6. Let (X, T, E) be a soft topological space and e € E. If X is soft Ty,
then (X, 7,) is homeomorphic to the subspace F (X).

Proof. The proof is similar to Lemma 4.5. g
Theorem 4.7. Let (X, 7, E) be a soft topological space. Then X is soft Ty if and
only if SK(X) is Ts.

Proof. Suppose X is soft Ty and let A, B € SK(X) such that A # B, say B\ A #
Op, e, e, € B\ A. Since A € SK(X), A is a soft compact subset of X. Also,
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e, ¢ A is a soft compact subset of X. Then by Result 4.4, there are U, V € 7 such
that e, € U, ACV and UNV = @g. Thus we have

Ae(V)NSK(X), Be (Xg,U)NSK(X)
and
(MNSKX)N({(XEe, U)NSK(X)) = 2.
Moreover, (V)NSK(X) and (Xg,U) NSK(X) are open in the subspace SK(X). So
SK(X) is Ta.
Conversely, suppose SK(X) is Ty. Then by Lemma 4.5, X is homeomorphic to

the subspace SF1(X). Since SF1(X) C SK(X), SF1(X) is Ty. Thus X is soft
Ts. 0

Corollary 4.8 (See Theorem 4.9.8, [51]). Let (X, 7, E) be a soft topological space
and e € E. Then (X,7.) is Tz if and only if Ko(X) is Ts.

Proof. Suppose (X, 7,) is To and let A(e), B(e) € K.(X) such that A(e) # B(e),
ie., B(e)\ A(e) # @, say x € Ble) \ A(e). Since A(e) is compact set in (X, 7,)
and = ¢ A(e), there are U(e), V(e) € 7, such that x € U(e), A(e) C V(e) and
U(e) NV (e) = &. Then we have

Ae) € (V(e)) = (V(e)) NKe(X), B € (X,U(e)) = (X,U(e)) NKe(X)
and
((V(e)) NKe(X)) N (X, Ule)) NKe(X)) = 2.
Thus K.(X) is Ts.

Conversely, suppose K(X) is To. Then by Corollary 4.6, X is homeomorphic
to F1,e(X). Since F1(X) C Ke(X), by the hypothesis, F1 ((X) is T2. Since the
property of Ts is a topological property, (X, 7,) is Ts. O
Theorem 4.9. Let (X, 7, E) be a soft topological space. Then the following state-

ments are equivalent:
(1) X is soft Ts,

(2) K(X) is Ty,
(3) Fn(X) is To,
(4) F(X) is T»,

(5) Cx(X) is Ty.

Proof. (1)<(2) The proof follows from Theorem 4.7.

The proofs of (2)=(3), (2)=(4) and (2)=-(5) are straightforward.

(5)<(1) Suppose Cx(X) is To. Then clearly, F1(X) C Cx(X). By Lemma 4.5,
F1(X) is homeomorphic to X. Thus by the hypothesis, X is soft Ts. O

Corollary 4.10. Let (X, 7,FE) be a soft topological space and e € E. Then the
following statements are equivalent:
(1) (X,7,) is Ts,

(2) Ko(X) is T,
(3) FuelX) is To,
(4) Fo(X) is Ts,
(5) Cx. (X) is To.

145



Baek et al./Ann. Fuzzy Math. Inform. 28 (2024), No. 2, 129-153

Proposition 4.11. Let (X, 7, E) be a soft topological space.
(1) If X is soft regular, then 2;( is Ts.
. X . .
(2) If X is soft Ty and 27 is Ty, then X is soft reqular.

Proof. (1) Suppose X is soft regular and let A, B € 2;( such that A # B, say
e, € B\ A. Then clearly, A € 7¢ such that e, ¢ A. Since X is soft regular, there are
U Versuchthat ACU, e, e Vand UNV = @pg. Thus A € (U), B € (Xg,V)
and (U) N (Xp, V) =@. So 2% is Ts.

(2) Suppose X is soft Ty and 2 is Ty, let F' € 7¢ and e, € SPg(X) such that
e, ¢ F. Since X is soft Ty, FUe, € 7¢. Then F, FUe, € 2% such that F # FUe,.
Since 22( is To, there are basic open sets U = (Uy--- ,Uyp), V=(V1--- V) in 22(
such that

(4.1) FeU, Fue, eV, UnV =o.
Let U= U, Ui, V =Uj-, V; and assume that if e, € Vj, then UNV NV # I,
say ej,_ eUNVNYVforeach je{1,---,m}. LetK:UTzlejmj and A=FUK.
Then we can easily see that

ACU, ANU, 425 and ACV, ANV, 4 2

for each i € {1,---,n} and each j € {1,--- ,m}. Thus A € U N V. This is a
contradiction. So there is j € {1,---,m} such that e, € V;, UNV NV; = @g. By
(4.1), FCUNV and UNV € 7. Hence X is soft regular. O

Remark 4.12. If (X, 7, E) is soft T; but not soft regular, then Proposition 4.11 (1)
may be not true in general (See Example 4.13).

Example 4.13. Let (X, 7, E) be a soft Tq-space which is not soft regular. Then
there are e, € SPg(X) and A € 7° with e, ¢ A such that e, and A cannot be
separated by soft open sets in X. It is obvious that A, AU {e } € 22( such that
A# Aude} Let U = (Uy,---,Up), V= (V1,---, Vi) € Ty, such that A € U
and AU{e,} € V. Let U = U, U; and W = (L {V; : e, € V;}. Then clearly,
U Wer,e, € Wand A C U. Since e, and A cannot be separated, there f, € WNU.
Let B= AU{f,}. Then clearly, B € Y NV. Thus 2;( is not T5.

Corollary 4.14 (See Theorems 17.1V.3 and 17.1V.4, [49]; Theorem 4.9.3, [51]). Let
(X, 7, E) be a soft topological space and e € E.

(1) If X is soft regular, then 2 is Ts.

(2) If X is soft Ty and 2 is Ty, then (X,7,) is regular.

Question 4.15. (1) Let (X, 7, E) be a soft topological space. If SC(X) is Tq, then
is X soft regular?

(2) Let (X, 7, E) be a soft Ty-space. Then X is soft regular if and only if I(X)
is regular?

Theorem 4.16 (See Theorem 4.9.10, [51]). Let (X,7,E) be a soft Ty-space and
e € E. Then (X,7,) is regular if and only if K.(X) is regular.

Proof. Suppose K.(X) is regular. Then the subspace Fi .(X) is regular. By Corol-
lary 4.6, (X, 7,) and F1 (X) are homeomorphic. Thus (X, 7,) is regular.
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Conversely, suppose (X, 7,) isregular. Let A(e) € K.(X), A(e) € (Ui(e),---,Un(e))
NKe(X) and U = U, Ui(e), where (Ui(e), -+ ,Upn(e)) € Tye. Since A(e) C
U(e), A(e) is compact and (X,7,) is regular, by Theorem 5.10 in [52], there is
V(e) € 7, such that A(e) C V(e) C cl(V(e)) C U(e). Let z; € Us(e) NV (e) for
each i € {1,2,---,n}. Since (X,7,) is regular, by Theorem 5.11 in [50], there is
Vi(e) € 7, such that x; € V;(e) C cl(Vi(e)) C Us(e) for each i € {1,2,--- ,n}. Then
Ae) € (Vi(e), -, Vu(e), V) N K (X), where (Vi(e), -, Vi(e),V(e)) € Tye. Since
(X, 7, E) is a soft Ty-space, by Corollary 3.24(2), we have
cd((Va(e), -, Vale), V() = (cl(Vi(e)), -~ ,cl(Va(e)), cl(V(e))) € (Ur(e),- -, Un(e)).

Thus K.(X) is regular. O

Theorem 4.17. Let (X, 7,E) be a soft Ty-space and e € E. Then The followings
are equivalent:
1) (X, 7.) is regular,

( )T,
(2) Ke(X) is regular,
(3) Fe(X) is regular,
(4) Fr,e(X) is regular,
(5) Ck,(X) is regular.

Proposition 4.18. If (X, 7, E) is a soft Ts-space, then the sets
{(K,L)ye2X x2X : K C L} and {(e,, K) € X x2X :e, € K}
are closed in 22( X 225 and X X 22(, respectively.

Proof. Suppose X is soft T3 and let U = {(K, L) € 22 x2 : K C L}. It is sufficient
to prove that U is open in 2? X 2;(. It is clear that
U ={(K,L)e2X x2X: K ¢ L}.
Since X is soft regular and K ¢ L, there is V € 7 such that K NV # @ and
L C Scl(V)°. Then we have
U= J {Ke2f : KnV#op} x{Le2):LcCSdV)}].
ver
Since V, Scl(V)¢ € 7, by Theorem 3.19, we get
{Ke2X KNV #wog}, {Le2) :LCScd(V)}E Tsw.
Thus Y€ is open in 22" X 2?. So U is closed in 2;( X 22(.

The proof of the second part is similar to the one of the first part. O

Corollary 4.19 (See Theorem 17.1V.1, [49]). Let (X, 7, E) be a soft T3-space and
e € E. Then the sets {(K(e),L(e)) € 2X x2* : K, L€ 2X, K C L} and

{(z,K(e)) e X x2% :¢, € Xp, K €2

E?

e, € K}
are closed in 2% x 2% and (X,7,) x (2%, T,.¢), respectively.

Proposition 4.20. Let (X,7,E) be a soft Ty-space. If the set {(e,, K) € X x 2% :
e, € K} is closed in X x 2});, then X is soft reqular.
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Proof. Suppose {(e,, K) € X x2% :e, € K} isclosed in X x2X let U = {(e,, K) €
Xx2%:e, € K}and(e,,K) €U Sinceld ={(e,,K) € Xx2% :e, K} € Tgy,
there are U, Uy, ---, U, € 7 such that

(e,, K) e U x (U, - ,Up,) CU.

Thene, €U and K € (Uy,---,U,). Thus K c J_,U; =V and K NU; # @ for
each i € {1,--- ,n}. It is obvious that V € 7.

Assume that UNV # @g,saye, € UNV and let F = K Ue,. Since X is Ty,
e, € 7°. Then F € 7°. Moreover, e, € U, F C U and FNU;, for each i € {1,--- ,n}.
Thus (e,, F) € U°. Soe, ¢ F. This is a contradiction. Hence UNV = @ g. Therefore
X is soft regular. O

Corollary 4.21 (See Theorem 17.I1V.2, [19]). Let (X, 7, E) be a soft Ti-space and
e € . Then the set

{(z,K(e)) e X x2X e, € Xp, K€2), ¢, € K}
To,e)-

Theorem 4.22. If (X, 7, E) is a soft Ty-space, then followings are equivalent:
(1) X is soft regular,
(2 ){(K L) €2X x2X : K C L} is closed in 2% x 2X,
(3) {(e,, K) € X x2X 1 e, GK}zsclosedeXQX
(4) 2X is Tg

is closed in (X,7.) x (2%

E

Proof. The proof follows from Propositions 4.18 and 4.20 O

Theorem 4.23 (See Corollary 17.1V.5, [19]). Let (X, 7, E) be a soft Ts-space and
e € E. Then followings are equivalent:

(1) (X, T) is regular,

(2) {(K(e),L(e)) € 2X x2X : K, L € 2X, K C L} is closed in 25 x 2%,

(3) {(z,K(e)) € X x2X 1 e, € X, K € 2, e, € K} is closed in (X,7,) X
(25(77:),6)7
(4) 2% is T.
Proposition 4.24. If (X, 7, E) is a soft normal space, then SC(X) is closed in 2?.

Proof. Suppose X is a soft normal space and assume that F' € 22( such that F'is a
limit point of SC(X) and F € 2% \ SC(X). Let F € (Uy,--- ,Uy) and U = J;_; U;.
Since F is not soft disconnected and soft closed in X, there are F, Fy € 7€ such that
F=FUF;and F; N Fy, = @g. Since X is soft normal, there are Wy, W5 € 7 such
that FrcWy, F5C Wy, WiUWy C U and Wi NWy = Og. Let {U1117 s ’Uilk} and
{U? R ,Ufp} be the collection of all U; such that U; N F} # &g and U; N Fy 7é D,
respectively for each i € {1,--- ,n}. Now let V1 Wi n U for each j € {1, - ,k}

and V2 = Wy NU? for each I € {1,--- ,p}. Then we have

k
F1CUV1 Vi cmUVP VZand VInV! = gp.
j=1 =1
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We can easily prove that F € (V-V}, V2,--- ,V2) C (U, - ,Uy) . Since F is a
limit point of SC(X), there is C € SC(X) such that C € (V.- VL V2 ... [ V2Z).
Thus C C VIUV?2 and C NV # @ for each i € {1,2}. So C is soft disconnected.
Since C' € SC(X), C is soft connected. This is a contradiction. Hence F € SC(X).
Therefore SC(X) is closed in 2. O

Corollary 4.25. Let (X,7,E) be a soft topological space and e € E. If (X,7,) is
normal, then Ce(X) is closed in 2.

Proof. The proof is similar to Proposition 4.24. O
Proposition 4.26. If (X, 1, E) is a soft normal space, then the set
{(K,Lye2X x2X : KNL=wg)}
is open in 2;( X 2;(.
Proof. Suppose X is soft normal and let K, L € 7¢ such that K N L = @p. Then
there are U, V € 7 such that K CU, L CV, UNV = @g. Thus we have
{(K,L)e2X x2X :KNL=02g}
=Uu. ver. vnves LK, L) €25 x2X : K CU, LCV}

=Uu, ver, vrvess (20 X27).
Since U, V € 7, by Theorem 3.19, Qg, 2}; € Tsv. Thus Qg X QEE/ is open in 225 X 2;(.
So the result holds.

Corollary 4.27 (See Theorem 17.V.1, [19]). Let (X, 7, E) be a soft topological space
and e € E. If (X, 1,) is normal, then the set

{(K(e),L(e)) € 2X x2X 1 K, Le 2, KNL=0og}
1S open in 25( X 25(.
Proposition 4.28. If (X, 7, E) is soft Ty and {(K,L) € 2X x2X : KNL =02}
s open in 25; X 2?, then X is soft normal.

Proof. Suppose X is soft Ty and {(K,L) € 255 X 22( : KNL = g} is open in
2;( X 2;(. Then there are basic open sets U = (Uy,--- ,Uy,), V={(V1,--+,V;n) in 22"
such that K e, LeV and (K,L) eU x V= KNL=og. Thus we get

(4.2) KCOUi:U,KﬂUﬁéQE(iSn),
1=1
(4.3) LCOW:V,LQX/}7£®E(j§m),
j=1
(4.4) (KCU)KNU;#2)(LCV)LNV,#0g)=KNL=0ag.

Assume that UNV # O, say e, € UNV. Let us take ¢;, € K NU; for i <n and

ej, €LNVjforj<m. Let F=e U e, and G = e; UUj~, ej, . Since X is
Ty, F, G € 7°. Moreover, [(F CU)(FNU,; # @g)(G CV)(GNV; # @g)]. Then by
(4.4), FNG = @g. But e, € FNG. This is a contradiction. Thus UNV # @g. So
X is soft regular. d
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Corollary 4.29 (See Theorem 17.V.2, [19]). Let (X, 7, E) be soft T1 and e € E.
If{(K(e),L(e)) € 2X x2X : K, L€ 2X, KNL=@g} is open in 2 x 2%, then
(X,7,) is normal.

Proposition 4.30. If (X, 7, E) is soft normal, then 2% is regular.

Proof. Suppose X is soft normal and let A4 be any basic open set in 22( with F' € A,
ie, F ¢ A° where F € 25; and A = (4;,---, A,). To prove that 22( is regular, let
us show that the followings hold: there are U, V € Tg, such that

(4.5) Feld, AACV,UnNny =2.
Since F' € A, we have

(4.6) Fcl]J4 =4,
i=1
(4.7) FNA;#%geachie{l, - n}.

Since A; € 7 for each i € {1,--- ,n}, A € 7. Then A° € 7¢. Moreover, by (4.6),
FNA°¢=gg. Since X is soft normal, there are U, V € 7 such that

(4.8) FCU A°CV,UNV = 2.
According to (4.7), put ei,, € FNA;and U;, V; € 7 with U; C U, V; C V such that

for each i € {1,--- ,n}, where U =J_, U; and V = J_, V.
Now let us define U, V in (4.5) as follows:

U= U, - ,Up,), Vz{GGQif:eitherGﬂV#@E or G C V; for some i < n}.

By the first parts of (4.8) and (4.9), F' € U. Also, by the third parts of (4.8) and
(4.9), U NV = @. Then the first and third parts of (4.5) hold. Let F € A°, i.e.,
F ¢ A. Then either FF ¢ A or FNA; = @ for some i < n. Thus by the second
parts of (4.8) and (4.9), either FNV # @g or F C V; for some i <n. So F € V,
ie., A¢ C V. Hence the second part of (4.5) holds. Therefore 225 is regular. O

Corollary 4.31 (See Theorem 17.V.3, [49]). Let (X, 1, E) be a soft topological space
and e € E. If (X, 7,) is normal, then 2 is regular.

Proposition 4.32. If (X, 7, E) is soft Ty and 2;( is reqular, then X is soft normal.

Proof. Suppose X is soft T; and 22( is regular and let A, B € 7¢ such that AN
B = . In order to prove that X is soft normal, we will show that the following
conditions hold:

(4.10) thereis U € 7 such that A C U C Scl(U) C B¢, ie., Scl(U)NB = Dg.

Since ANB = @g, A C B°. Then A € 256. Since X is soft Ty and B¢ € T,
by Theorem 3.19, 256 € Tsy. Since 2;( is regular, there is a basic open set U =
(U, ,Uy) in 2% such that

(4.11) AcelU CdU)c25.
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Thus A Cc U =, U; and ANU; # @ for each i € {1,--- ,n}. Since X is soft T,
by Proposition 3.23(2), cl(U) = (Scl(Uy),- -, Scl(U,)) C 25°. Since o5 # U; CU
for eachi € {1,--- ,n}, Sc(U)NScl(U;) = Scl(U;) # @ for each i € {1,--- ,n}. So
Scl(U) € (Scl(Uy),---,Scl(Uy)) = cl(U). By (4.10), Scl(U) € 256, ie., Sc(U) C
B¢. Hence (4.11) holds. Therefore X is soft normal. O

Corollary 4.33 (See Theorem 17.V.4, [19]). Let (X, 7, E) be soft T1 and e € E. If
2% is regular, then (X,7,) is normal.

We have the following consequence from Propositions 4.26, 4.28, 4.30 and 4.32.

Theorem 4.34. Let (X, 1, E) be soft T1. Then the followings are equivalent:
(1) X is soft normal,
(2) {(K,L) €2X x2X : KNL=@ag} is open in 22 x 2%,
(3) 2X is regular.

Corollary 4.35 (See Corollary 17.V.5, [49]). Let (X, 7, E) be soft Ty and e € E.
the followings are equivalent:
(1) (X,7,) is normal,
(2) {(K(e),L(e)) € 2X x2X : K, Le2X, KNL=wag} is open in 2 x 2%,
(3) 2% is regular.

5. CONCLUSIONS

We obtained various basic properties in a soft hyperspace, for examples, Propo-
sitions 3.23, 3.28, 3.33 and 3.39. Also, we studied some relationships between sep-
aration axioms in a soft topological space and its soft hyperspace. In particular, in
Theorem 4.7, it has been proven that X is soft Ty and SK(X) is Ty are equivalent.
In Proposition 4.11, sufficient conditions were obtained for 22" to be Ty and X to
be soft regular, respectively. Also, we had a sufficient condition for SC(X) to be
closed in 2% (See Proposition 4.24). We got two sufficient conditions for X to be
soft normal (See Propositions 4.28 and 4.32). Furthermore, we obtained a sufficient
condition for 2;( to be regular (See Proposition 4.30). Results related to classical
hyperspace were treated as Corollary whenever possible.

In the future, we intend to investigate compactness, local compactness, separa-
bility, first and second countability, connectedness and local connectedness in a soft
hyperspace.

Acknowledgements. We would like to thank the reviewers for their thoughtful
comments and suggestions. Furthermore, we dedicate this paper to the late Profes-
sor Choon Jai Rhee, a retired professor at Wayne State University, who has been
conducting collaborative research on hyperspace for over 10 years.

REFERENCES

[1] L. Vietories, Bereiche zweiter Ordnung, Monatshefte fiir Mathematik, 32 (1923) 258-280.

[2] L. Vietories, Kontinua zweiter Ordnung, Monatshefte fiir Mathematik, 33 (1923) 49-62.

[3] J. L. Kelley, Hyperspaces of a continuum, Trans. Amer. Math. Soc. 52 (1942) 23-36.

[4] Jack T. Goodykoontz, Jr., Connectedness im kleinen and local connectedness in 2% and C(X),
Pacific Journal Of Mathematics 53 (2) (1974) 387-397.

151



Baek et al./Ann. Fuzzy Math. Inform. 28 (2024), No. 2, 129-153

(5]
(6]

(7]
(8]
(9]
[10]
(11]
(12]

[13]
(14]

(15]
[16]
(17]
(18]
[19]
20]
21]
22]
23]
24]
[25]

[26]
27)

(28]
29]
(30]

(31]

32]

Sam B. Nadler, Jr., Hyperspaces of sets, Marcel Dekker, Inc. New York and Basel 1978.
Choon Jai Rhee and Kul Hur, Noncontractible hyperspace without Ri-continua, Topology
Proceedings 18 (1993) 245-261.

K. Hur, J. R. Moon and C. J. Rhee, Local connectedness in Fell topology, J. Korean Math.
Soc. 36 (6) (1999) 1047-1059.

B. S. Baek, K. Hur, S. W. Lee and C. J. Rhee, Hemicompactness and hemiconnectedness of
hyperspaces, Bull. Korean Math. Soc. 37 (1) (200) 171-179.

Camillo Costantini, Sandro Levi and Jan Pelant, Compactness and local compactness in hy-
perspaces, Topology and its Applications 123 (2002) 573-608.

Patricia Pellicer-Covarrubias, The hyperspaces K(X), Rocky Mountain Journal Of Mathe-
matics 35 (2) (2005) 655-674.

José G. Anaya, Enrique Castaneda-Alvarado and José A. Martinez-Cortez, On the hyperspace
Cn(X)/Cri (X), Comment. Math. Univ. Carolin. 62 (2) (2021) 201-224.

S. Macias and S. B. Nadler, Jr., Continua whose hyperspace of subcontinua is infinite dimen-
sional and a cone, Extracta Mathematicae 38 (2) (2023) 205-219.

D. Molodtsov, Soft set theory—First results, Comput. Math. Appl. 37 (4-5) (1999) 19-31.

P. K. Maji, R. Biswas and A. R. Roy, Soft set theory, Comput. Math. Appl. 45 (4-5) (2003)
555-562.

M. I. Ali, F. Feng, X. Liu, W. K. Min and M. Shabir, On some new operations in soft set
theory, Comput. Math. Appl. 57 (2009) 1547-1553.

K. V. Babitha and J. J. Sunil, Soft set relations and functions, Comput. Math. Appl. 60 (7)
(2010) 1840-1849.

Athar Kharal and B. Ahmad, Mappings on soft classes, New Math. Nat. Comput. 7 (3) (2011)
471-481.

Glizide Senel, Jeong-Gon Lee and Kul Hur, Advanced soft relation and soft mapping, In-
ternational Journal of Computational Intelligence Systems 14 (1) (2021) 461-470. DOI:
https://doi.org/10.2991 /ijcis.d.201221.001

M. Shabir and M. Naz, On soft topological spaces, Comput. Math. Appl. 61 (2011) 1786-1799.
N. Qagman, S. Karatag and S. Enginoglu, Soft topology, Comput. Math. Appl. 62 (2011)
351-358.

S. Hussain and B. Ahmad, Some properties of soft topological spaces, Comput. Math. Appl.
62 (11) (2011) 4058-4067.

I. Zorlutuna, M. Akdag, W. K. Min and S. Atmaca, Remarks on soft topological spaces, Ann.
Fuzzy Math. Inform. 3 (2) (2012) 171-185.

A. Aygiinoglu and H. Aygiin, Some notes on soft topological spaces, Neural. Comput. Appl.
21 (1) (2012) 113-119.

Sk. Nazmul and S. K. Samanta, Neighborhood properties of soft topological spaces, Ann.
Fuzzy Math. Inform. 6 (1) (2013) 1-15.

Tareq M. Al-Shami and Ljubisa D. R. Koc¢inac, The equivalence between the enriched and
extended soft topologies, Appl. Comput. Math. 18 (2) (2019) 149-162.

Sk. Nazmul and S. K. Samanta, Soft metric, Ann. Fuzzy Math. Inform. 6 (1) (2013) 77-94.
José Carlos R. Alcantud, The relationship between fuzzy soft and soft Topologies, Int. J. Fuzzy
Syst. 24 (3) (2022) 1653-1668.

Sadi Bayramov and Cigdem Gunduz Aras, A new approach separability and compactness in
soft topological spaces, TWMS J. Pure Appl. Math. 9 (1) (2018) 82-93.

M. E. El-Shafei, M. Abo-Elhamayel and T. M. Al-shami, Partial soft separation axioms and
soft compact spaces, Filomat 32 (13) (2018) 4755-4771.

T. M. Al-Shami and M. E. El-Shafe, Partial belong relation on soft separation axioms and
decision-making problem, two birds with one stone, Soft Computing 24 (2020) 5377-5387.

T. M. Al-shami, On soft separation axioms and their applications on decision-making prob-
lem, Mathematical Problems in Engineering 2021 (2021) Article ID 8876978, 12 pages
https://doi.org/10.1155/2021/8876978.

P. Debnath and B. C. Tripathy, On separation axioms in soft bitopological spaces, Songk-
lanakarin Journal of Science and Technology 42 (4) (2020) 830-835.

152



Baek et al./Ann. Fuzzy Math. Inform. 28 (2024), No. 2, 129-153

[33] J. L. Baek, G. Senel, S. Jafari, S. H. Han and K. Hur, Separation axioms in interval-valued
soft topological spaces, To be submitted.

[34] J. G. Lee, G. Senel, Y. B. Jun, Fadhil Abbas, K. Hur, Topological structures via interval-valued
soft sets, Ann. Fuzzy Math. Inform. 22 (2) (2021) 133-169.

[35] J. I. Baek, T. M. Al-shami, S. Jafari, M. Cheong and K. Hur, New interval-valued soft sepa-
ration axioms, Axioms 2024, 13, 493. https://doi.org/10.3390/axioms13070493

[36] Li Fu and Hua Fu, Soft compactness and soft topological separate axioms, International Jour-
nal of Computers & Technology 15 (05) (2016) 6702-6710.

[37] Samer Al Ghour and Zanyar A. Ameen, Maximal soft compact and maximal soft connected
topologies, Applied Computational Intelligence and Soft Computing 2022 (2022) Article ID
9860015, 7 pages https://doi.org/10.1155/2022/9860015.

[38] Subhadip Roy, Moumita Chiney and S. K. Samanta, On compactness and connectedness in
redefined soft topological spaces, International Journal of Pure and Applied Mathematics 120
(5) (2018) 1505-1528.

[39] Fucai Lin, Soft connected spaces and soft paracompact spaces, International Scholarly and
Scientific Research & Innovation 7 (2) (2013) 277-282.

[40] Sabir Hussain, A note on soft connectedness, Journal of the Egyptian Mathematical Society
23 (1) (2015) 6-11.

[41] E. Peyghan, B. Samadi and A. Tayebi, On soft connectedness, arXIV:1202.1668V1 [MATH.gn]
8fEB2012.

[42] Metin Akdag and Fethullah Erol, On hyperspaces of Soft sets, Journal of New Theory 7 (2015)
86-97.

[43] Metin Akdag and Fethullah Erol, Remarks on hyperspaces of soft sets, Journal of Advanced
Studies in Topology 7 (1) (2016) 1-11.

[44] Q. R. Shakir, On Vietoris soft topology I, J. Sci. Res. 8 (1) (2016) 13-19. .

[45] Izzettin Demir, An approach to the concept of soft Vietories topology, International Journal
of Analysis and Applications 12 (2) (2016) 198-206.

[46] Alkan Ozkan, Decomposition of hyper spaces of soft sets, Igdir Univ. J. Inst. Sci. & Tech. 7
(1) (2017) 251-257.

[47] Serdar Enginoglu, Naim Cagman, Serkan Karatag and Tugge Aydin, On Soft Topology, ECJSE
2 (3) (2015) 23-38.

[48] Bashir Ahmad, and Sabir Hussain, On some structures of soft topology, Ahmad and Hussain
Mathematical Sciences 6 (64) (2012) 1-7. http://www.iaumath.com/content/6,/1/64

[49] K. Kuratowski, Topology I, Academic Press, New York and London 1966.

[50] C. Wayne Patty, Foundations of topology, PWS Publishing Company, Boston 1993.

[51] E. Michael, Topologies on spaces of subsets, Trans. Amer. Math. Soc. 71 (1951) 152-182.

[52] John L. Kelley, General topology, D. Van Nostrand Company, Inc. New York 1955.

J. I. BAEK (jibaek@wku.ac.kr)
School of Big Data and Financial Statistics, Wonkwang University, Korea

G. SENEL (g.senel@amasya.edu.tr)
Department of Mathematics, University of Amasya, 05100 Amasya, Turkey

S. H. HAN (shhan235@wku.ac.kr)
Division of Applied Mathematics, Wonkwang University, 460, Tksan-daero, Tksan-Si,
Jeonbuk 54538, Korea

M. CHEONG (poset@kau.ac.kr)
School of Liberal Arts and Sciences, Korea Aerospace University, Korea

K. HUR (kulhur@wku.ac.kr)
153



Baek et al./Ann. Fuzzy Math. Inform. 28 (2024), No. 2, 129-153

Division of Applied Mathematics, Wonkwang University, 460, Tksan-daero, Iksan-Si,
Jeonbuk 54538, Korea

154



	 Soft hyperspaces . By 
	 Soft hyperspaces . By 

