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ABSTRACT

In this paper, selection principles are defined and studied in the realm
of irresolute topological groups. Especially, s-Menger-bounded and s-
Rothberger-bounded type covering properties are introduced and stud-
ied.
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1. INTRODUCTION

Many topological properties are defined or characterized in terms of the
following two classical selection principles.

Let P and Q be sets consisting of families of subsets of an infinite set X.
Then:

Srin(P, Q) denotes the selection hypothesis: for each sequence (P,)nen of
elements of P there is a sequence (@, )nen of finite sets such that for each n,
Qn C P?’la and UneN Qn S Q

S1(P, Q) is the selection hypothesis: for each sequence (P, )nen of elements
of P there is a sequence (p,)nen such that for each n, p, € P, and {p, : n €
N} is an element of Q (see [28]).
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Let O denote the family of all open covers of a space X. The property
Srin(0,0) (resp. S1(0,0)) is called the Menger (resp. Rothberger) covering
property. For more information about selection principles theory and its rela-
tions with other fields of mathematics we refer the reader to see [16, 27, 29, 30].

A topological group is a group with a topology, such that the group opera-
tions are continuous. If the group operations are irresolute mappings instead of
continuous mappings then we obtain the irresolute topological groups (ITG).

In the recent years many papers about selection principles and topological
groups have appeared in the literature. o-bounded topological groups were
introduced by O.Okunev. (This notion was also given by Kocinac by the same
definition but under the name of Menger-bounded in an unpublished work of
Kocinac in [15]. Let us now recall [10].

Definition 1.1. A topological group (G, x,7) is M-bounded (R-bounded) if
there is for every sequence (P, )nen of neighborhoods (nbd) of 1g, a sequence
(Qn)nen of finite subsets of G (a sequence (P,,),en of elements of G) such that

g = UnEN Q" * Pn (resp. g = Unean * Pn)

ITGs was first studied by Khan, Siab and Kocinac in [13] where their prop-
erties were investigated and their differences from topological groups were es-
tablished. Although many papers on topological groups were published there
are very few papers which deal with ITGs.

Our main aim in considering selection principles is to link this with earlier
work on irresolute topological groups. Hence, Section 2 contains several defini-
tions and results which will be needed later on. In Section 3 s-Menger-bounded,
s-Rothberger-bounded and s-Hurewicz-bounded type covering properties are
introduced.

2. PRELIMINARIES

In this section we recall some basic definitions and results that will enable
the casual reader to follow the general ideas presented here.

If (G, ) is a group, and 7 a topology on G, then we say that (G,x,7) is a
topologized group with multiplication mapping pu: G x G — G, (p,q) — p*q
and the inverse mapping i : G — G,p — p~!. The identity element of G is
denoted by e, or eg when it is necessary,

Throughout the paper X and Y denote topological spaces. For a subset P
of X, C1(P) and Int(P) will denote the closure and interior of P. We denote
f(Q) to define the preimage of a subset Q C Y for a mapping f : X — Y. The
reader is refereed to [7] for undefined topological terminology and notations.
A subset P of a topological space X is said to be semi-open [20] if there is an
open set R in X such that R C P C CI(R). If a semi-open set P contains a
point p € X we say that P is a semi-open nbd of p. If X satisfies Sy, (sO, sO)
(resp. S1(s0, s0)), then we say that X has the s-Menger (resp. s-Rothberger)
covering property [18, 26], where sO denotes the family of all semi-open covers
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of X. Throughout SO(X) represents the collection of all semi-open sets in X.
For terms not defined here we refer the reader to see [26].

Definition 2.1. A mapping f : X — Y between spaces X and Y is called
irresolute [6] (resp. pre-semi-open) if for each semi open set @ C Y (resp.
P C X), the set f<(Q) is semi open in X (resp. f(P) is semi open in Y').

Definition 2.2. A triplet (G, *,7) is called an ITG [13] if for each p,q € G and
each semi-open nbd R of p* ¢~! in G there exist semi-open nbds P of p and Q
of ¢ such that P* Q™' C R.

We note that the union of any family of semi-open sets is semi-open whereas
the intersection of two semi-open sets need not be semi-open, thus the family
of semi-open sets in a topological space need not be a topology. However in
[13] the authors pointed out that if (G,*,7) is an ITG such that the family
SO(G) is a topology on G with SO(G) # 7, then (G, x, SO(G)) is a topological
group. (see, Observation [13]).

Lemma 2.3 ([13]). If (G,*,7) is an ITG, then

(1) P € SO(G) if and only if P~ € SO(G).
(2) If P € SO(G) and Q C G, then P % @Q and @ * P are both in SO(G).

Lemma 2.4 ([12]). A space X is extremely disconnected if and only if the
intersection of any two semi-open subsets of X is semi-open.

Lemma 2.5 ([23]). Let P C Xy € SO(X), then P € SO(X) if and only if
P e SO(X())

Lemma 2.6 ([25]). Let Xy be a subspace of X and P € SO(Xy), then P=QN
Xo for some Q € SO(X).

Recall the following notations for collection of covers of a space X.

e sw-cover : A semi open cover P of X is semi-w-cover (sw-cover) [26]
if for each finite subset @) of X there exists P € P such that Q C P
and X is not the member of P. The symbol sQ2 denotes the family of
sw-covers of X.

e sy-cover : A semi open cover P of X is a sy-cover [26] if it is infinite
and for every p € X the set {P € P = p ¢ P} is finite. The collection
of sy-covers of X will be denoted by sI'.

We are particularly interested here in the case where P and Q are open covers of
topological spaces or topological groups. Specifically, let H and G be topological
spaces with G a subspace of H.

e 5Oy : The collection of semi-open covers of H.

5Oy : The collection of covers of G by sets semi-open in H.

s : The collection of sw-covers of H.

5Q¢ : The collection of sw-covers of G by sets semi-open in H.
sOy(P) : Let (H,*,7) be an ITG with neutral element e, if P is a
semi-open nbd of ey, then px P =: {p* ¢ : ¢ € P} is a semi-open nbd
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of p. Thus, {p* P : p € H} is semi-open cover of H and will be denoted
by sO(P).

o sOppa(H) : = {P € sO : (Isemi-open nbd P of eyy) (P={p*xP:p€
).

e 5Q4,(P) : For each semi open nbd P of ey, sQu(P) ={Q@* P :Q C
‘H finite} is an sw-cover of H, where Q x P := {¢q € Q and p € P} when
H is not an element of this set.

o sQupa(H) :={P € sQ: (Isemi-opennbd Pofey)(U ={Q*P:Q CH
finite})}.

e 5O} (P) : =For each semi open nbd P of ey, sO%,(P) = {Q*P : Q CH
and 1 <| @ |< n} is an n-cover of group H.

Lemma 2.7. If (H,*) is an extremely disconnected ITG with the neutral ele-
ment e, then for each semi-open nighborhood P of e, there exists a symmetric
semi-open nbd W of e such that: Q = Q™ C P.

3. S-MENGER-BOUNDED, S-ROTHBERGER-BOUNDED AND
S-HUREWICZ-BOUNDED GROUPS

Babinkostova, Kocinac and Scheepers in [4] investigated Menger-bounded (o-
bounded [9]) and Rothberger-bounded groups in the area of selection principles.
On analogues to the Menger-bounded (o-bounded) and Rothberger-bounded
groups we examine s-Menger-bounded and s-Rothberger-bounded groups. We
also investigate the internal characterizations of groups having these properties
in all finite powers (Theorem 3.8, Theorem 3.9, and Theorem 3.13). To intro-
duce this new concept we use covering properties by semi open sets instead of
open sets and the ITG properties. Semi-Menger spaces have been investigated
n [26]. We recall that a space X is said to have the semi-Menger property (or
s-Menger property) if it satisfies Sy (5O, sO). Specifically from [26, Theorem
3.8] X is s-Menger if and only if X satisfies Sy, (58, sO).

Definition 3.1. An ITG (G, *,7) is:

(1) s-Menger-bounded if for each sequence (P,),cn of semi-open nbds of
the neutral element e € G, there exists a sequence (Q,)nen of finite
subsets of G such that G = UneN Qn * P,.

(2) s-Rothberger-bounded if for each sequence (P, )nen of semi-open nbds
of the neutral element e € G, there exists a sequence (p,)nen of ele-
ments of G such that G = |J,,cn Pn * P

(3) s-Hurewicz-bounded if there is for each sequence (P,,)nen of semi open
nbdss of neutral element e € G, there exists a sequence (Qn)nen of
finite subsets of G such that each = € G belongs to all but finitely many
Qn x Py,.

Let (G,*) be a subgroup of group (H,*). Then G is s-Menger-bounded if
the selection principle Sy, (Onpa(H), Ong) holds, s-Rothberger-bounded if the
selection principle S1(Opnpa(H), Oxng) holds and s-Hurewicz-bounded if the se-
lection principle S1(Qnpq(H), O37g) holds.
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In subsections 3.1, 3.2 and 3.3 we have verified various properties of each se-
lection principle by taking three types of covering semi open, s-gamma and
s-omega and using relation with one another.

3.1. s-Menger-bounded groups. In this subsection we have verified some
results on s-Menger-bounded groups.

Theorem 3.2. Let (H,*,7) be an ITG and G < H. Then Sfin(sOxn, sOng)
implies Syin(5Qnpa(H), sOng).

Proof. Since sQ,pq(H) is a subclass of sOy. Therefore, the proof follows im-
mediately. a

Remark 3.3. Converse of the Theorem 3.2 is not true in general.

Example 3.4. Real line (R, +,7) with usual topology 7 is an ITG under the
binary operation of addition. It is known [26], that (R,+) is a Menger space
but not the s-Menger space. Therefore, there is at least one collection of semi
open covers say P1, Po, ..., Pn,... for which there exists no collection V,, of finite
subsets of P,, which satisfy |J Q,, = H. Thus Sy, (sOx, sOxg) fails to hold.
In order to show that Sy, (sQnpa(H), sOng) holds, we follow as under: Let
(Pn)nen be a sequence from $€,p4(H). Then for each n, P,={Q+ P, : Q C H
finite} and P, € SO(H,ey). Since Q is finite set therefore each P, is finite.
Then for each n € N we can choose R,, of finite subsets of P, such that
URn» = G. This proves that, S¢in(sQnpa(H), sOxg) holds.

Theorem 3.5. Let (H,*,7) be an ITG and G < H. Then the following state-
ments are equivalent:

(1) Sl(Sand(H), SO”HQ)
(2) Sfin(sonbd(H),SOHg).
(3> Sfin(Sand(H), SO'Hg).

Proof. (1) = (2) is straightforward.

(2) = (3) : Since sQupa(H) is a subclass of sOppi(H). Therefore, the proof
follows immediately.

(3) = (1) : Let (Pp)nen € $Qnpa(H). Select a semi-open nbd P, of ey, for each
n such that P, = sQy(P,). Now, Apply Stin(sQnpa(H), sOug) to (Pn)nen:
For each n let a finite set R,, C P,, such that UnE ~ Rn is semi-open cover of
G. Then each @, is a finite subset of H. Put R, = Q,, * P,,. Then for each n
we have R, € P,, and, thus {R, },cn is a semi-open cover of G.

Indeed, by writing N = J,cn Y here union is disjoint, and applying
S1(sQnpa(H), sOxg) to each sequence (sQ(Py) : k € Y,) independently, one
finds a sequence (Q, : n € N) of subsets of H also finite such that for each
p € G there are infinitely many with p € @, * P,. a

Theorem 3.6. Let (H,*,7) be an ITG and a semi open set G < H. Then the
following statements are equivalent:

(1) S1(sQnpa(H), sOxg).
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(2) S1(5Qmpa(G),s0g).

Proof. (1) = (2) : Let (sQ(P,) : n € N) € sQ44(G), where every P, is a
semi-open nbd in G containing the group neutral element. Then by Lemma
2.6, select @, € SO(e,H) for each n such that P, = @, N G. Now, select
R,, € SO(e,H) for each n such that R, '+ R, C Q.. Apply S1(5Q2,p4(G),50g)
to (sQ(Ry) :m € N) € sQ(H): We find for each n a set Q,, C H which is finite
such that G C UnGN S, * R,,. Since R,, is semi open therefore S, * R,, is semi
open. For each n, and for each m € §,,, choose a p,, € G as follows:

egnmxR, if mnonempty,

m { =e if otherwise.
Then put a finite set T}, = {pm : m € S} C G. For each n we have T, x P, €
sQ(P,) € sQnpa(G). Now only remaining to show that G = (J,cn T * Pn.
For let [ € T, be given. Choose n so that g € S, * R, and choose m € S,
so that [ € m % S,,. Then obviously G Nm x R, # ¢, and so p,, € G is
belonging to G N'm x R,,. Since p,, € m * R,,, We have m € p,, x R,;!, and so
1 €pm*Ry %Ry C oy * Q. Now prtx1 € GNQ,, = P, and so we have that

l €pmx*xP, CT,* P,.

(2) = (1) : By Lemma 2.5 the proof is evident. d

Corollary 3.7. Let (H,*,7) be an ITG and G < H. If Stin(sOpn, sOng) holds
then S1(sQnpa(G), sOg).

Proof. By Theorem 3.2, Theorem 3.5 and Theorem 3.6, we have
Sfin(SOH, SOHg) = Sfm(sand(H), SOHg) = Sl(Sand(H), SOHg)
= Sl(Sand(g),SOg). O

Theorem 3.8. Let (H,*,7) be an extremely disconnected ITG and G < H.
Then the following statements are equivalent:

(1) Sl(Sand(H), sOéjgg”)

(2) Sl(Sand(H),SQHg).

Proof. (1) = (2) : Let (P, : n € N) € sQupa(H), and select P, € SO(ey,H)
for each n with P,, = sQ(P,). Then define, Q,, = ﬂjgn P;. EBach Q, =
503 (Qn) € sQpa(H). Apply Si(sQpa(H),sO%E) to (2, : n € N), then
there is a sequence R,, € Q,, for each n, such that {Q, : n € N} is a cover
of G and cover is weakly groupable. Suppose an increasing sequence p; <
P2 < p3 < ... < pg < ... such that there is for each finite S C G, a k with
S C Upk <i<pei1 R;. Further, select a finite S,, C H with R,, = S, * Q. Since
@, is semi open so is R,. For i < py set T; = Uj<p1 S;
set T; = Upk§j<17k'+1 S;. So each finite T; C H, and for each 7 if we put
U; =T; = P;, then P; € P; for each i, and {P;}ien in sQxg.

(2) = (1) :This is evident. O

i, and for py <i < pry1,

Theorem 3.9. Let (H,*,7) be an ITG and G < H. Then the following state-
ments are equivalent:
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(1) For each n the selection principle S1(sQppa(H™), sOzngn).
(2) S1(sQmpa(M), sQng).

Proof. (1) = (2) : Suppose (s2(Pp))nen € sQnpa(H). Let P, be a semi open
nbd eg. Let natural number N = UneN n, and R, is infinite for each n, and
for m is not equal to n we have R,,NR,, is empty. For each k, (sQ(P¥) : n € Ry)
is in sQupa(H*). By (1), for each k, and for each n € Ry, choose a finite
Qn C H such that {QF + P* : n € Ry} is a cover of G by sets semi open in
H*. Now we show that {Q, * P, : n € N} is in sQg. For let a finite set
Q={q1,92,--,¢;} CG. Then q = (q1,q2,...,q;) € G. Select an n € R; with
h € Qi+ PJ. Then Q C Q, * P, € sQ3(P,).

(2) = (1) : Set m € N, and consider (sQ« (Py))nen € $Qupa(H™). For each
k choose a semi open nbd S* of ey such that S* C Py.. Then (sQg(Sk))ren €
sQupa(H). Apply S1(sQnpa(H), sg) and for each k, a finite Q C H with
{Qk * Sk }ken € sQpug. Then {Q + S]* }ren is cover of G™ by semi open sets.
For each k choose Ty, € sQpy(Py) with Q7 %« Si* C T,. Then {Ty,: k€ N} isa
cover of G™ by semi open sets. ]

Corollary 3.10. Let (H,*,7) be an ITG and G < H. Then the following
statements are equivalent:
( ) 81(Sand(H) Soztg)
(2) For each n, S1(sQnpa(G™), sOgn).
(3) S1(5Qusa(0), 5%).
( ) Sl Sand g),s@ggp).

Proof. (1) = (2) : From Theorem 3.8, we have Si(sQupa(H), sO3Z) =
S1(8Qnpa(H), s%g) and from Theorem 3.9, for each n, we have S;(sQpq(H),
$Q%g) = S1(8Qnupa(H™), sOxngn). Finally, from Theorem 3.6, S1(sQpq(H™)
SOHngn) = Sl(Sand(gn), SOgn).

(2) = (1) : If we take H = G then from Theorem 3.9, for each n,
Sl(sﬂnbd(g”)7 SOgn) = Sl(Sand(g), SOg)

(3) = (4) : This is obvious because sw-cover is always weakly groupable cover.
(4) = (1) : This is obvious. O

)

3.2. s-Rothberger-bounded groups. In this subsection we have verified
some results on s-Rothberger-bounded groups.

Theorem 3.11. Let (H,*,7) be an ITG and a semi open set G < H. Then
the following statements are equivalent:

(1) Sl(sonbd(H),SOHg).

(2) S1(S(9nbd(g)780g).
Proof. The proof is similar to the proof of Theorem 3.6. (]

Theorem 3.12. Let (H,*,7) be an extremely disconnected ITG and G < H.
Then the following statements are equivalent:

(1) S1(sOnpa(H), sO3G)-
(2) S1({8054(H) nen sQug)-
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(3) For each (T,)nen € N diverging to 0o, S1({sO%,(H) : n € N}, sQg).

Proof. (1) = (2) : Let sO,,(H) be a collection of all semi open covers of
the form sO%, (P). For each n, put P, = sO™(FP,). Here, P, is a semi open
nbd of the neutral element and P, = sO™(P,) = {@ * P, : Q C H, and
1 < |@n] < n}. For each n put Vi, = (., U; and for each n put R, =
sO(R,). Apply S1(sOnpa(M), 5047 to the sequence (R, : n € N). For each
n choose an p, such that {p, * R, : n € N} is in sO5%. Choose a sequence
Q1 < g2 <q3 < ...<qr < g1 <... such that: For each finite set Q C G there

is an n with Q C Umn<j<qn+1pj * R;. For each such i define:

Qi:{{pj:jy'} if i<aq

{pj: dn S]SZ} Zf QnSZS dn+1

Then put S,, = @, * P,,. For each n we have S,, € sO}(P,), and {S, : n € N}
is an sw-cover of G.

(2) = (3) : Choose 1 <11 <ry <..<r,<..suchthat (Vj>r,)(T; >n).
Let P, = SO;‘Q" (P,), n € N be given. For each sequence (sO'r (H) : n € N),
where each P, is a semi open nbd of ey, there exist a sequence (R,, : n € N)
such that for each n, R, € sOT"(P,) and {R,, : n € N} € sQyg. Define
R = ﬂjgrl P;, and for each n put R,y = ﬂrngjgrnﬂ P;. To apply (2)
to (sO%(R,) : n € N). For each n, choose @, C G with |Q,| < n with
Sp =Qn*Gp,n €N, the set {S,, :n € N} € sQyg.

(3) = (1) : Let (T, : n € N) be given. Choose 1 < ¢1 < ¢2 < ... <
Gk < qr+1 < ... such that T} < ¢; and for each k, Txy1 < (gx+1 — qx). Now,
let P, = sOy(P,) be given for each n. Define Ry = (,,, P; and Ry41 =
Nax<j<anss Li- Then put Ry, = sO37 (Ry), n € N. Apply (3) to the sequence
(R, :n € N) and choose for each n an S,, € R,, so that {S, : n € N} € sQyug.
For each n choose finite set @,, C H such that |Q,| < T,,, and S,, = Q,, * R,,.
For each m write Q. = {pq,.+1, .-, Pg., +1} With repetitions, if necessary. Then
(pr * Py, : k < 00) is the sequence with py x P, € Py, for each k, the sequence of
n;’s witness the weak groupability {py * P : k < oo}. O

Theorem 3.13. Let (H,*,T) be an extremely disconnected ITG and G < H.
Then the following statements are equivalent:

(1) Sl(sOnbd(H),s(Diﬁggp)

(2) For each n, S1(sOnpa(H"™), s0575.)

(3) For each n, Si(sOpnpa(H™), sOpngn)

Proof. (1) = (2) : Put n > 1 and suppose H" = H x H % ... x H (n copies).
Let P, = sOP" (P, 1 X P, X ... x P,,) for each p and define Q, = Ni<nUp.is
a semi open nbd of ey. For select a finite set @, C H such that |Q,| < p,
and such that {R, * Q) : p < oo} € sQyg. Since S1(sO0npa(H), sO5Y) —
Stin(80na(M), sO5E) — S1(sQnpa(H), sQg), as we saw in Theorem 3.8.
Then for each m put G, = R, X R, X... x R,(n copies), p < co. Then put
S, =Gp*(Py1 x Py %...xP,,). For each p we have S, € sOP" (U, 1 x Uy 5 x
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... Xx Up.n) and we have {S, : p < 00} € sQlyg. By (3) = (1) of Theorem 3.12,
S1(8O0npa(H™), sOéﬁpgn) holds.
(2) = (3) : This is obvious.

(3) = (1) : Let P, = sO"(P,) for each p. Write N = (J, .., Bx where
for each k, k¥ < min(By) and By, is infinite, and for p # n, B, N B, = @.
For each k : For p € By put Q,, = sO(PY). Then (Q, : p € By) is a
sequence from sOppa(H"). Applying (3) choose for each p € By, an ¢, € H*
such that {g, * PI’f : p € By} is a semi open cover of GF. For each p in By
write ¢, = (¢p(1), ..., gp(k)), and then set ¢(gp) = {gp(1), ..., ¢p(k)}. Note that
for each p € By we have |¢(gp)| < k < p, and so ¢(gp) * P, is in sOP(P,).
Set Q, = &(gp) * P, for each p, a member of sOP(P,) = Q,. Claim that
{Qp : p < o0} is in sQyg. For let R C G be a finite and put k = |R|. Write
R = {ry,...,m}. Suppose ¢ = (r1,...,7%) € G¥. For some p € B}, we have

q € gp* P}, and so R C ¢(gp) * P, = Qp. Now (2) = (1) of Theorem 3.12
implies that Sy (sOnpa(H), sO5Z) holds. O

Theorem 3.14. Let (H,*,7) be an extremely disconnected ITG and a semi
open set G < H. Then the following statements are equivalent:

(1) Sﬂs@nbd(?{),soz)ufgp)

(2) Sl(sonbd(g)asoggp)

Proof. The proof is similar to the proof of Theorem 3.6. a

3.3. s-Hurewicz-bounded groups. In this subsection we have verified some
results on s-Hurewicz-bounded groups.

Theorem 3.15. Let (H,*,7) be an extremely disconnected ITG and G < H.
Then the following statements are equivalent:

(1) S1(sQmpa(H), sO35).
(2) SI(Sand(H),SFHg).

Proof. (1) = (2) : For each n € N let P, € sQupa(H), and select P, €
SO(ep, H) with P, = sQ(P,). Put Q, = ()<, Pj. For each n put Q, =
sUQn) is in sQpa(H). Then apply S;(sQupa(H), sO5;) to (Qn = n € N).
Choose R,, € Q,, such that {R, : n € N} is a groupable semi open cover of
G. Choose a sequence p; < pg < p3 < ... < pr < ... such that z belongs to G,
for all but finitely many n, z € UpnéjSpn+1 R;. Select finite set S, C H with
R, =85, *Q,. So R, is also semi open because of ITG. Now define, for each
k, the finite set T} by,

po { U i ks
UaniSPn+1 Si Zf Pn < k< Pn+1

For each n put A, =T, * P, an element of sQ(P,). Claim that {4, : n € N}
is a sy-cover of G. For consider g is an element of G. Select M € N in such a

way for all n > M we have g € Upn<i§pn+1 R;. But for p, < i < p,41 we have
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R, =8;%xQ; C Ay =Ty, * Py, for p, < i < ppy1. Thus for all & > ppsr we have
g € Ag. It follows that {Ay : k € N} is sy-cover of G.
(2) = (1) : This is evident. O

Theorem 3.16. Let (H,*,7) be an ITG and a semi open set G < H. Then
the following statements are equivalent:

(1) S1(sQnba(H), s0375)-
(2) S1 (Sand(g), sOg”)

Proof. The proof is similar to the proof of Theorem 3.6. (|

Corollary 3.17. If (H,*,7) has property S1(sQnpa(H), sT'y), then for each
g S H, Sl(Sand(g), SFg) holds.

4. CONCLUSIONS

We have introduced three new types of selection principles in the realm of
irresolute topological groups. We have also proved that these new notions are
well defined, by means of studying their internal characterizations. Kocinac
introduced several types of selection principles available in the literature. For
future work one can see selection principle in the domain of soft sets.
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