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Abstract

A space X is said to have the set star Hurewicz property if for each nonempty subset A
of X and each sequence (U, : n € N) of collections of sets open in X such that for each
n € N, A C UU,, there is a sequence (V,, : n € N) such that for each n € N, V,, is a finite
subset of U,, and for each x € A, z € St(UV,,,U,,) for all but finitely many n. In this paper,
we investigate the relationships among set star Hurewicz, set strongly star Hurewicz and
other related covering properties and study the topological properties of these topological
spaces.
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1. Introduction and preliminaries

In [1], Arhangel’skii defined a cardinal function sL, and spaces X such that sL(X) =w
we call s-Lindelof: a space X is s-Lindeldf if for each subset A of X and each cover U of
A by sets open in X there is a countable set V C U such that A C UV. Motivated by
this definition, and modifying it, Ko¢inac and Konca [12] considered new types of selective
covering properties called set covering properties. Later on, Koc¢inac, Konca and Singh in
[13] studied set star covering properties using the star operator, and, in particular, defined
set star Hurewicz and set strongly star Hurewicz properties.

In this paper, we investigate the relationship among set star Hurewicz, set strongly star
Hurewicz and other related properties. Further, we study the topological properties of
these two classes of spaces.

Throughout the paper we use standard topological terminology and notation as in [6].
By “a space" we mean “a topological space", N denotes the set of natural numbers, and
an open cover U of a subset A C X means elements of U are open in X and A C UU =
U{U : U € U}. The cardinality of a set A is denoted by |A|. Let w denote the first infinite
cardinal, wy the first uncountable cardinal, ¢ the cardinality of the set of real numbers.
As usual, a cardinal is an initial ordinal and an ordinal is the set of smaller ordinals. A
cardinal is often viewed as a space with the usual order topology. If A is a subset of a
space X and U is a collection of subsets of X, then the star of A with respect to U is the
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set St(A,U) :=U{U € U: U N A # (}; also, if z € X, then we just write St(z, U) instead
of St({z}, U).

We first recall the classical notions of spaces which are used in this paper.

In 1925, Hurewicz [7,8] introduced the Hurewicz covering property for a space X in the
following way:

A space X is said to have the Hurewicz property if each sequence (U, : n € N) of open
covers of X there is a sequence (V,, : n € N) such that for each n € N, V,, is a finite subset
of U, and for each x € X, x € UV,, for all but finitely many n.

Ko¢inac [3,9,10], introduced the star versions of the Hurewicz covering property using
the star operator in the following way:

(1) A space X is said to have the star Hurewicz property (shortly, SH property) if each
sequence (U, : n € N) of open covers of X, there is a sequence (V,, : n € N) such that for
each n € N, V,, is a finite subset of U,, and for each z € X, = € St(UV,,,U,) for all but
finitely many n.

(2) A space X is said to have the strongly star Hurewicz property (shortly, SSH property)
if for each sequence (U,, : n € N) of open covers of X, there is a sequence (F,, : n € N) of
finite subsets of X such that for each z € X, x € St(F,,, U,,) for all but finitely many n.

In what follows we will use Theorem 1.1 below.

Recall that a collection A of infinite subsets of w is said to be almost disjoint if the sets
AN B are finite for all distinct elements A, B € A. For an almost disjoint family A, put
P(A) = AUw and topologize 1(A) as follows: all points in w are isolated, and for each
A € A and each finite set F' C w, {A} U (A \ F) is a basic open neighborhood of A. The
spaces of this type are called Isbell-Mréwka -spaces [2,6,15] or ¥ (A) spaces.

Theorem 1.1 ([2]). Let A be an almost disjoint family of infinite subsets of w and let
PY(A) =wUA be the Isbell-Mrowka space. Then:

(1) ¥(A) is strongly star Hurewicz if and only if |A| < b;

(2) If |A| = ¢, then (X)) is not star Hurewicz.

Recently, Koc¢inac and Konca [12] defined the set selection properties (and their weak
versions). See also the paper [11,16] related to these properties.

In [13], Koc¢inac, Konca and Singh defined (general versions of) set star selection prop-
erties and, in particular, the set star Hurewicz and set strongly star Hurewicz spaces.

Definition 1.2. A space X is said to have the

(1) set star Hurewicz property (shortly, set-SH property) if for each nonempty set A
of X and each sequence (U, : n € N) of collections of open sets in X such that
A C UU,, n €N, there is a sequence (V,, : n € N) such that for each n € N, V,, is
a finite subset of U,, and for each z € A, x € St(UV,,,U,) for all but finitely many
n.

(2) set strongly star Hurewicz property (shortly, set-SSH property) if for each nonempty
subset A of X and each sequence (U, : n € N) of collections of open sets in X
such that A C UWU,, n € N, there is a sequence (F}, : n € N) of finite subsets of A
such that for each z € A, x € St(F,,U,) for all but finitely many n.

Definition 1.3 ([5,14]). A space X is said to be:

(1) starcompact (shortly, SC) if for each open cover U of X, there is a finite subset V
of U such that X = St(UV,U).

(2) strongly starcompact (shortly, SSC) if for each open cover U of X, there is a finite
subset F' of X such that X = St(F,U).

In a similar way, Koé¢inac, Konca and Singh [13] considered the following spaces.



Star versions of Hurewicz spaces 1327

Definition 1.4. A space X is said to be:

(1) set starcompact (shortly, set-SC) if for each nonempty subset A of X and each
open cover U of A, there is a finite subset V of U such that A = St(UV,U) N A.

(2) set strongly starcompact (shortly, set-SSC) if for each nonempty subset A of X and
each open cover U of A, there is a finite subset F' of A such that A = St(F,U)N A.

It is clear, by the definition, that every set strongly starcompact space is set starcompact.
Theorem 1.5 ([13]). Ewvery countably compact space is set strongly starcompact.

Corollary 1.6 ([13]). Every countably compact space is set starcompact.

2. Examples

In this section, we give some examples showing the relationships between set star
Hurewicz, set strongly star Hurewicz and other related spaces. Some of these examples
can be found in the literature, and we establish their additional properties.

Lemma 2.1. Every Hurewicz space is set strongly star-Hurewicz.

Proof. Let X be a Hurewicz space. Let A be any nonempty subset of X and (U, : n € N)
be a sequence of collections of open sets in X such that A C UWU,. Since closed subset
of Hurewicz space is Hurewicz, thus A is Hurewicz. Therefore there exists a sequence
(V : n € N) such that for each n € N, V,, is a finite subset of U,, and for each z € A,
x € UV, for all but finitely many n. Choose xyy € ANV for each V € V,. For each
neN, let F,, = {zy : V €V, }. Hence each F,, is a finite subset of A and for each x € A,

x € St(F,,U,) for all but finitely many n. O

From the definitions and the above lemma we have the following diagram.

set—SSC — set—SC

{ {
Hurewicz — set—SSH — set—SH
{ {

SSH — SH

Diagram 1

However, the converse of the implications may not be true as we show by examples.
The following example shows that the implication Hurewicz = set-SSH in Diagram 1 is
not reversible.

Example 2.2. Every countably compact non-Lindel6f space is such an example. Such
(Tychonoff) spaces are, for example, the ordinal space [0,w;), the long line [21, Example
45], the Novak space [21, Example 112].

The following example shows that the implications set-SSC = set-SSH and set-SC =
set-SH in Diagram 1 are not reversible.

Example 2.3. There exists a Tychonoff set strongly star Hurewicz (hence, set star
Hurewicz) space which is not set starcompact (hence, not set strongly starcompact).
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Indeed, let X = D(w) be the countable discrete space. Since X is o-compact, it is
Hurewicz and thus set strongly star Hurewicz. But X is not set starcompact.

The following example shows that the implication set-SH = SH in Diagram 1 is not
reversible (such an example was considered in several papers to obtain various counterex-
amples; see, for instance, [4,19,20]).

Example 2.4. There exists a Hausdorff star Hurewicz space which is not set star Hurewicz.
Proof. Let X =Y U AU {p}, where
A=10,¢), B=[0,w),Y=AxDB,p¢Y.

Topologize X as follows:

(i) every point of Y is isolated;
(ii) a basic neighborhood of a € A is of the form

Ua(n) ={a} U{{a,m) :n <m}
(iii) a basic neighborhood of p takes the form
UF)={p}UU{{a,n) :a€ A\ F, n€w}
for a countable subset F' of A. In [19, Example 2.7], Song proved that X is star Hurewicz.

Now we show that X is not set star Hurewicz. Consider A = [0,¢), a closed discrete
subset of X. For each a € A, let

Uy = {a}U{{a,n) :n € B}.

Then U, is open in X by the construction of the topology of X and U,NU, = () for a # a’.
For each n € N, let U,, = {U, : @ € A}. Then (U, : n € N) is a sequence of open covers
of A. Tt is enough to show that there exists a point 8 € A such that 8 ¢ St(UV,,U,)
for all n € N, for any sequence (V,, : n € N) of finite subsets of U,. Let (V, : n € N)
be any sequence such that for each n € N, V,, is a finite subset of U,,. For each n € N,
V,, is finite, hence there exists o, < ¢ such that U, N (UV,) = 0 for each a > a,. Let
o' = sup{ay, : n € N}. If we pick 8 > o, then Ug N (UV,,) = 0 for each n € N. Since Ug
is the only element of U,, containing the point 3 for each n € N, then 8 ¢ St(UV,,,U,) for
all n € N. It shows that X is not set star Hurewicz. 0

The following example shows that the implication set-SSH = set-SH in Diagram 1 is
not reversible.

Example 2.5. There exists a 17 set star Hurewicz space which is not set strongly star
Hurewicz.

Proof. Let X = AU B, where A = {a, : a < ¢} is any set with |A| = ¢ and B is any set
with |B| = w such that any element of B is not in A. Topologize X as follows: for each
aq € A and each finite subset F' C B, {an} U (B \ F) is a basic open neighborhood of a,
and each element of B is isolated.

First we show that X is set star Hurewicz space. Let C' be any nonempty subset of X
and (U, : n € w) be any sequence of open covers of C.

1. If C C A, then for each n € w and for each a, € C, there exists Uy, € U,
such that an, € Uqpn. Then for each a, € C, we can find a finite set F,, such that
{aa} U (B\ Fan) C Usp. Then it is clear that for each n € w and for each a # o/,
Uan NUqy n # 0. For each n € w, let V), = {Ua,n}. Then each V, is a finite subset of U,
and hence for each a, € C, a, € St(UV,,U,,) for all but finitely many n.

2. Let C C B. Since B is countable, B is set star Hurewicz. So, there are finite sets
V,, C Up, n € N, so that each x € C belongs to all but finitely many sets St(UV,,, U,,).

3. Finally,les CNA=Cy # 0 and C N B = Cs # . For each n choose finite V,, C U,
and W,, C U, such that each € Cj belongs to all but finitely many sets St(UV,,,U,)
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and each = € Cy belongs to all but finitely many sets St(UW,,,U,). Evidently, then each
x € C belongs to all but finitely many sets St(U(V, UW,,),U,).
From the above three cases one concludes that X is set star Hurewicz.

Similarly to the proof of Example 2.6, we can prove that X is not set strongly star
Hurewicz. O

The following example shows that the implication set-SSH = SSH in Diagram 1 con-
sistently is not reversible.

Example 2.6. Assuming w; < b = ¢, there exists a Tychonoff strongly star Hurewicz
space X which is not set strongly star Hurewicz.

Proof. Let X = ¢(A) be the Isbell-Mréowka space with |A| = wy. Then X is strongly
star Hurewicz Tychonoff space (see Theorem 1.1).

Now we prove that X is not set strongly star Hurewicz. Let A = A = {aq : @ < wi}.
Then A is closed subset of X. For each a < wy, let Uy = {aq} U (aqy). For each n € N, let
Uy, = {Uys : @ < wi}. Then (U, : n € N) is a sequence of open covers of A. It is enough
to show that there exists a point ag € A such that

ag ¢ St(Fy,,Uy,) for all n € N,

for any sequence (F), : n € N) of finite subsets of A. Let (F,, : n € N) be any sequence
of finite subsets of A. Then there exists o/ < w; such that Uy N (U,,ey Fn) = 0, for each
a > d'. Pick B > o/, then UgN F,, = () for each n € N. Since Ug is the only element of U,
containing the point ag for each n € N, then ag ¢ St(F,,U,) for all n € N. It shows that
X is not set strongly star Hurewicz. O

Remark 2.7. (1) In [13, Example 5], Ko¢inac et al. gave an example of Tychonoff set
starcompact space X that is not set strongly starcompact. This shows that the implication
set-SSC = set-SC in Diagram 1 is not reversible.

(2) It is known that there are star Hurewicz spaces which are not strongly star Hurewicz
(see [18]). This shows that the implication SSH = SH in Diagram 1 is not reversible.

3. Results

In some classes of spaces certain properties from Diagram 1 coincide. In [3] the following
theorem was proved.

Theorem 3.1 ([3, Proposition 4.1]). If X is a paracompact Hausdorff space, then X is
star Hurewicz if and only if X is Hurewicz.

From Theorem 3.1 and Diagram 1, we have the following.

Theorem 3.2. If X is a paracompact Hausdorff space, then the following statements are
equivalent:

(1) X is Hurewicz;

(2) X is set strongly star Hurewicz;

(3) X is strongly star Hurewicz;

(4) X is set star Hurewicz;

(5) X is star Hurewicz.

A space X is metacompact (resp., meta-Lindeldf) if each open cover of X has a point-
finite (resp., point-countable) open refinement.

The following theorem can be obtained from the fact that every strongly star Hurewicz
metacompact space is a Hurewicz space (which may be easily proved as Theorem 2.4 in
[9]). However, we give here a direct proof of the theorem.
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Theorem 3.3. Every set strongly star Hurewicz hereditarily metacompact space X is a
(set) Hurewicz space.

Proof. Let A be a subset of X and (U, : n € N) be a sequence of covers of A by open
sets in X. For every n € N the set JU, is metacompact. Let V, be a point-finite
open refinement of U,, n € N. As X is set strongly star Hurewicz, there is a sequence
(F,, : n € N) of finite subsets of A such that for each z € A, x € St(F,,V,,) for all but
finitely many n. Elements of each F;, belongs to finitely many members Vi, 1,..., V,, x(n)
of V. Let Wy, = {Viu 1, Vi) ). Then St(F,, V) = UWy, so that we have for each
x € A, x € UW, for all but finitely many n. For each W € W,, take an element Uy of
U,, such that W C Uy. Then, for each n, H,, = {Upy : W € W, } is a finite subset of U,
and for each z € A, x € |JH, for all but finitely many n. It is easy to prove that this fact
actually gives that X is a Hurewicz space. O

Since every set strongly star Hurewicz space is strongly star Hurewicz, we have the
following corollary from [17, Theorem 2.11] and [17, Corollary 2.12].

Corollary 3.4. If X is a set strongly star Hurewicz space, then the following statements
are equivalent:

(1) X is a meta-Lindeldf space.
(2) X is a para-Lindeldf space.
(3) X is a Lindeldf space.

We now explore preservation of set star Hurewicz and set strongly star Hurewicz spaces
under basic topological constructions.

Observe that set star Hurewicz and set strongly star Hurewicz are not hereditary prop-
erties. The space X in Example 2.6, shows that a closed subset of a Tychonoff set star
Hurewicz space X need not be set star Hurewicz. Indeed, the set A is a discrete closed
subset of the space X in Example 2.6 of uncountable cardinality wi, so that it cannot be
set star Hurewicz.

We already noted that the ordinal space X = [0,w;) is set strongly star Hurewicz.
However, the subspace Y = {a + 1 : « is a limit ordinal } of X is not set strongly star
Hurewicz.

However, we have the following result about preservation of set star Hurewicz and set
strongly star Hurewicz spaces.

Theorem 3.5. A clopen subspace of a set star Hurewicz (resp., set strongly star Hurewicz)
space is also set star Hurewicz (resp., set strongly star Hurewicz).

Proof. We prove only the set strongly star Hurewicz case because the proof for set star
Hurewicz case is quite similar.

Let X be a set strongly star Hurewicz space and Y C X be a clopen subspace. Let A
be any subset of Y and (U, : n € N) be any sequence of collections of open sets in (Y, 7y)
such that for each n € N, Cly(A) C UU,,. Since Y is open, then (U, : n € N) is a sequence
of collections of open sets in X, and since Y is closed, Cly(A) = Clx(A). Applying the
fact that X is set strongly star Hurewicz, we find a sequence (F,, : n € N) of finite subsets
of Clx(A) such that for each x € A, z € St(F),,U,) for all but finitely many n. Because
of Cly(A) = Clx(A), we have F,, C Y, n € N. Then the (same) sequence (F), : n € N)
witnesses for (U, : n € N) that Y is set strongly star Hurewicz. O

We now consider (non)preservation of the set star Hurewicz and set strongly star
Hurewicz properties under some sorts of mappings.

Theorem 3.6. A continuous image of a set star Hurewicz space is set star Hurewicz.
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Proof. Let X be a set star Hurewicz space and f : X — Y be a continuous mapping from
X onto Y. Let B be any nonempty subset of Y and (V,, : n € N) be a sequence of open
covers of B. Let A = f(B). Since f is continuous, for each n € N, U,, := {f(V):V €
V., } is the collection of open sets in X with

A= fo(B) C f(B) C fC(UVy) = Ully.

As X is set star Hurewicz, there exists a sequence (U, : n € N) such that for each n € N,
U/, is a finite subset of U,, and for each x € A, x € St(UU,,,U,,) for all but finitely many
n. Let V), = {V : f<(V) € U,}. Then for each n € N, V/, is a finite subset of V,,. Let
y € B. Then there exists x € A such that f(z) = y. Thus

y= f(x) e f(St(UU,,Uy)) C SLUFHf(V): V eV,}), V) = St(UV], Vy)
for all but finitely many n. Thus Y is a set star Hurewicz space. ([l
We can prove the following theorem similarly to the proof of Theorem 3.6.

Theorem 3.7. A continuous image of a set strongly star Hurewicz space is set strongly
star Hurewicz.

Now we give a result on preimages of set strongly star Hurewicz spaces. For this we
need a new concept defined as follows. We call a space X nearly set strongly star Hurewicz
if for each A C X and each sequence (U, : n € N) of open covers of X there is a sequence
(Fy : n € N) of finite subsets of X such that for each z € A, = € St(F,,U,) for all but
finitely many n.

Theorem 3.8. Let f: X — Y be an open and closed, finite-to-one continuous mapping
from a space X onto a set strongly star Hurewicz space Y. Then X is nearly set strongly
star Hurewicz.

Proof. Let A C X be any nonempty set and (U, : n € N) be a sequence of open covers of
X. Then B = f(A) is a nonempty subset of Y. Let y € B. Then f<(y) is a finite subset
of X, and thus for each n € N, there is a finite subset U¥ of U,, such that f“(y) C UUY
and U N f<(y) # 0 for each U € UY. Since f is closed, there exists an open neighborhood
VY of y in Y such that f<(V,Y) Cc U{U : U € U¥}. Since f is open, we can assume that

VY CN{f(U):UeUu}.

For each n € N, V,, = {V¥ : y € B} is an open cover of B. Since Y is set strongly star
Hurewicz, there exist a sequence (F;, : n € N) of finite subsets of B such that for each
ye b,

y € St(F,,V,) for all but finitely many n.

Since f is finite-to-one, the sequence (f< (F,) : n € N) is a sequence of finite subsets of
X. Now we have to show that for each x € A,

x € St(f<(F,),U,) for all but finitely many n.

Let z € A. Then there exist np € N and y € B such that y = f(z) €e V¥ and VYN F,, # 0
for all n > ng. Since

ze fEWVY)YCcU{U:UeUl},

we can choose U € UY with z € U. Then V¥ C f(U). Thus UN f< (F,) # 0 for all n > ny.
Hence

x € St(f<(Fnh),U,) for all n > ny.

Thus X is nearly set strongly star Hurewicz. O
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Following the above definition of nearly set strongly star Hurewicz spaces we call a space
X nearly set star Hurewicz if for each nonempty A C X and each sequence (U, : n € N)
of open covers of X there is a sequence (V,, : n € N) such that for each n € N, V,, is a
finite subset of U,, and for each z € A, x € St(UV,,U,) for all but finitely many n.

Similarly to the proof of Theorem 3.8, with necessary small modifications, we can prove
the following.

Theorem 3.9. If f : X — Y is an open perfect mapping and Y is a set star Hurewicz
space, then X is nearly set star Hurewicz.

From Theorem 3.9 we have the following corollary.

Corollary 3.10. If X is a set star Hurewicz space and'Y is a compact space, then X XY
is nearly set star Hurewicz.

Remark 3.11. The product of two set star Hurewicz spaces need not be set star Hurewicz.
In fact, there exist two countably compact spaces X and Y such that X x Y is not set star
Hurewicz (even not set star Menger; see [13]). Moreover, there exist a countably compact
(hence, set star Hurewicz) space X and a Lindelof space Y such that X x Y is not set star
Hurewicz (see [13]).

The following theorem is a version of Corollary 3.10. We say that a product X x Y is
rectangular set star Hurewicz if for each set Ax B C X xY and each sequence (U, : n € N)
of covers of A x B by sets open in X x Y there are finite sets V,, C U,, n € N, such that
for each z € A x B, z € St(UV,,, U,,) for all but finitely many n.

Theorem 3.12. If X is a set star Hurewicz space and Y is a compact space, then X XY
s rectangular set star Hurewicz.

Proof. Let A = B x C be any nonempty rectangular subset of X xY and (Uy, : n €N) be
a sequence of collections of open sets in X X Y such that A =B x C C JU,, n € N. For
each x € B, {z} x C is a compact subset of X x Y. Therefore, for each n € N, there is a

finite subset {UZ 1 X V1, oo, UL o) X Vi ey } Of Un such that {2} xC < UL (U2, x VE).

For each n € N, define W7 = ﬂ?i(lm ) Uy ;- Each W7 is an open subset of X containing =
and

{e} x Cc Wi x Vi1 <i<m(z)} CU{UZ; x V21 <i < m(x)}.

Then for each n € N, W,, = {W* : & € B} is an open cover of B. Since X is set star
Hurewicz, for each n € N, there is finite set W], = {W,, : 1 < j <r,} of W, such that for
each b € B, b € St(UW],,W,,) for all but finitely many n. For each n € N, let

W, ={U,5 x Vol :1<i<m(x;),1 <j<rn}

Then U, is a finite subset of U,,. Hence for each a € A, a € (St(UW/,,W,,) N B) x C C
St(UU,,, U,) for all but finitely many n. Thus X x Y is rectangular set star Hurewicz. 0O

Acknowledgment. The authors are deeply grateful to the referee for his/her careful
reading of the paper and for a number of useful comments and remarks which improved
the presentation of the paper.

References

[1] A.V. Arhangel’kii, A generic theorem in the theory of cardinal invariants of topological
spaces, Comment. Math. Univ. Carol. 36, 303-325, 1995.

[2] M. Bonanzinga and M.V. Matveev, Some covering properties for 1-spaces, Mat. Ves-
nik 61, 3-11, 2009.



3]

[17]
18]

[19]
[20]

[21]

Star versions of Hurewicz spaces 1333

M. Bonanzinga, F. Cammaroto and Lj.D.R. Koc¢inac, Star-Hurewicz and related prop-
erties, Appl. Gen. Topol. 5, 79-89, 2004.

G. Di Maio and Lj.D.R. Ko¢inac, A note on quasi-Menger and similar spaces, Topol-
ogy Appl. 179, 148-155, 2015.

E.K. van Douwen, G.K. Reed, A.W. Roscoe and 1.J. Tree, Star covering properties,
Topology Appl. 39, 71-103, 1991.

R. Engelking, General Topology, PWN, Warszawa, 1977.

W. Hurewicz, Uber die Verallgemeinerung des Borelshen Theorems, Math. Z. 24,
401-425, 1925.

W. Hurewicz, Uber Folgen stetiger Functionen, Fund. Math. 9, 193-204, 1927.
Lj.D.R. Koc¢inac, Star-Menger and related spaces, Publ. Math. Debrecen 55, 421-431,
1999.

Lj.D.R. Koc¢inac, Star-Menger and related spaces II, Filomat 13, 129-140, 1999.
Lj.D.R. Koc¢inac, Addendum to: “Variations of classical selection principles: an
overview'", Quaest. Math., 2020. DOI: 10.2989/16073606.2020.1779501

Lj,D.R. Koc¢inac and S. Konca, Set-Menger and related properties, Topology Appl.
275, Article No. 106996, 2020.

Lj.D.R. Kocinac, S. Konca and S. Singh, Set star-Menger and set strongly star-Menger
spaces, Math. Slovaca, in press.

M.V. Matveev, A survey on star covering properties, Topology Atlas, Preprint No.
330, 1998.

S. Mréwka, On completely reqular spaces, Fund. Math. 41, 105-106, 1954.

S. Singh, Remarks on set-Menger and related properties, Topology Appl. 280, Art.
No. 107278, 2020.

Y.K. Song, Remarks on strongly star-Hurewicz spaces, Filomat 27, 1127-1131, 2013.
Y.K. Song, Remarks on star-Hurewicz spaces, Bull. Polish Acad. Sci. Math. 61, 247—
255, 2013.

Y.K. Song, On star-K-Hurewicz spaces, Filomat 31, 1129-1285, 2017.

Y.K. Song and Y.Y. Zhang, Some remarks on almost Lindeldf spaces and weakly
Lindeldf spaces, Mat. Vesnik 62, 77-83, 2010.

L.A. Steen and J.A. Seebach, Counterezamples in Topology, Dover Publications Inc.,
1996.



