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ON SOME WEAKER FORMS OF HUREWICZ
PROPERTY IN BITOPOLOGICAL SPACES

RITU SEN

Abstract. We introduce mildly Hurewicz property in the setting
of bitopological spaces and study this concept along with that of al-
most Hurewicz property introduced by A. E. Eysen and S. Ozcag in [4].
Some connections between these properties and Hurewicz property are
highlighted. We investigate the preservation of almost Hurewicz prop-
erty and of mildly Hurewicz property under various types of mappings
between bitopological spaces.

1. INTRODUCTION

Hurewicz introduced in 1925 [8] a covering property in topological
spaces, that now bears his name. A topological space X has the
Hurewicz property if for each sequence {U, : n € N} of open covers of
X, there exists 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. Clearly every Hurewicz space is Lindelof. As a generalization
of Hurewicz spaces, Y. K. Song and R. Li [17] defined a topological
space to be almost Hurewicz if for each sequence {U/, : n € N} of open
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covers of X, there exists a sequence {V, : n € N} such that for each
n € N, V, is a finite subset of ¢, and for each x € X, 2 € U{V : V €
V_} for all but finitely many n. In [10], Lj. D. R. Ko¢inac defined
a mildly Hurewicz space to be a topological space such that for each
sequence {U, : n € N} of clopen covers of X, there are finite sets
YV C U, ,n € N such that each x belongs to UV for all but finitely
many 7.

In the last two decades, many papers on weaker forms of the covering
properties like Menger, Hurewicz and Rothberger properties have been
published. Recently, H. V. S. Chauhan and B. Singh in [2] mentions
that the concept of almost Hurewicz property of a bitopological space
has been introduced by A. E. Eysen and S. Oscag in [4]. In the present
paper, we mainly deal with the notions of almost Hurewiczness and
mildly Hurewiczness in bitopological settings. In Section 2, we first
recall an (4, j)-almost Hurewicz bitopological space and investigate its
properties. In section 3, we define an (7, j)-mildly Hurewicz bitopo-
logical space and study its properties. Both of these properties are
weaker than (i, j)-Hurewicz property. We then seek conditions under
which these two properties are equivalent with (7, j)-Hurewicz prop-
erty, where a bitopological space (X, 7,,7,) is called (i, j)-Hurewicz if
for each sequence {U, : n € N} of open covers of X by 7,-open sets,
there exists a sequence {V, : n € N} of finite families such that for
eachn,V, CU, and for each z € X, x € U{V : V € V } for all but
finitely many n, where i # j and i, j € {1,2}.

Throughout the paper, (X,7,,7,) always denotes a bitopological
space. For a subset A C X, we denote the closure of A and the
interior of A with respect to 7, by cl_ A and int_ A respectively for

i=1,2. Always i,j € {1, 2}and27éj

2. ALMOST HUREWICZ BISPACES

In this section we first recall the notion of an (7, j)-almost Hurewicz
space and then discuss the relation between an (i, j)-Hurewicz space
and an (i, j)-almost Hurewicz space.

Definition 1. [2] A bitopological space (X, 1,,7,) is said to be (i,j)-
almost Hurewicz (i,j = 1,2,i # j) if for each sequence {U, : n € N}
of covers of X by 7,-open sets, there exists a sequence {V, : n € N}
of finite families such that for each n, V, C U, and for each z € X,
NS U{clTj V.V eV, } for all but finitely many n.
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Note 2. Note that if (X, 7,) is almost Hurewicz and 7, < 7,, then
the bitopological space (X, ,,7,) is (1,2)-almost Hurewicz.

Proposition 2. Let (X,7,,7,) be a bitopological space. If (X,T,) is
Hurewicz, then (X, 7,,7,) is (1,2)-almost Hurewicz.

Proof. Obvious. 1

Example 3. Consider the set R of real numbers endowed with the
FEuclidean topology T, and the discrete topology 1,. Since (R,T,) is
Hurewicz, the bitopological space (R, 1,,7,) is (1,2)-almost Hurewicz,
but the space (R, T,) is not Hurewicz.

Example 4. Consider the Fuclidean plane X endowed with the lower
limit topology T, and the usual topology T,. Then the bitopological
space (R,7,,7,) is (1,2)-almost Hurewicz, but the space (R, T,) is not
Hurewicz.

To get an answer to the converse problem of Proposition 3, let us
recall the notion of an (i, j)-regular bitopological space.

Definition 5. [15] A bitopological space (X, 1,,T,) is said to be (i,j)-
reqular (1,5 = 1,2,i # j) if for each point x € X and each T,-closed
set F' with x ¢ F', there exist a 7,-open set U and a 7,-open set V' such

thatz € U, FCV and UNV = ¢.

Proposition 6. [15] A bitopological space (X, T,,T,) is said to be (i, j)-
reqular if for each point x € X and each T,-open set U with v € U,
there exists a T,-open set V such that x € V Ccl (V) CU.

J

We now have the following theorem.

Theorem 7. [2] If (X,7,7,) is an (i,7)-regular, (i,7)-almost
Hurewicz bitopological space, then (X, T,) is Hurewicz.

We next give a characterization of an (7, j)-almost Hurewicz bitopo-
logical space in terms of (i,j)-regular open sets. Let us recall the
following.

Definition 8. [15] Let (X, 7,,7,) be a bitopological space. A set A C X
is called (i, j)-reqular open ((i,j)-reqular closed) (i # j,i,5 = 1,2) if
A=int_cl_(A)(resp.,A=cl_int_(A)).

Theorem 9. [2] A bitopological space(X,T,,7,) is (i,7)-almost
Hurewicz if and only if for each sequence {U, : n € N} of covers
of X by (i,7)-reqular open sets, there exists a sequence {V, : n € N}
of finite families such that for each n € N, V C U, and for each
re X, re U{clTjV VeV, } for all but finitely many n.
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Next we consider the preservation of (i, j)-almost Hurewicz prop-
erty under subspaces. Recall that a subset A of a bitopological space
(X,7,,7,) is called an (7,j)-clopen set [13] if A € 7, N cot,, where
i,j € {1,2}, i # j and A € cor, implies that A is a 7,-closed set.

Lemma 10. Let A be a 7,-open subset of a bitopological space
(X, 7,7,). Then the subspace (A, 7, .7, ) is (i,])-almost Hurewicz
if and only if for each sequence {Z/{n :n € N} of covers of A by
T,-open sets in X, there exists a sequence {V : n € N} of finite
families such that for each n € N,V C U and for each x € A,

xeU{c, V:V eV} forall but finitely many n.

Proof. We consider only the case i = 1,7 = 2. Let {U, : n € N} be a
sequence of covers of A by 7,-open sets in X. Let {{{* : n € N} be the
sequence defined by U* = {ANU : U € U,}. Then for each n € N,
U’ is a cover of A by 7, -open sets of A. Now by the given condition,
there exists a sequence {V* : n € N} such that for each n € N, V* is
a finite subset of ¢ and for each z € A, v € U{cl,_ V : V €V} for

all but finitely many n. For each n € N and each V € V7, there is a
set U, € U, such that V = ANU,. Therefore, for each n € N, V,

{U, : Ve V*} is a finite subset of U, and for each V € V* we have
c,, (V) €l (U,). Hence for each v € A, z € U{cl_(U,): V € V'}

for 311 but finitely many n.

Conversely, let {U{, : n € N} be a sequence of covers of A by 7, -
open sets in A. Then for each n € N and each U € U, there exists
aset V, € 7, such that U = ANV,. For each n € N, put V, =
{V, :U elU,}. Then {V, :n € N} is a sequence of covers of A by
T,-open sets in X. By the given condition, there exists a sequence
{V' :n € N} such that for each n € N, V' is a finite subset of V, and
for each v € A, v € U{cl_(V,):V, € V’} for all but finitely many n.
Then for each n € N, U' = {ANV, : V, € V'} is a finite subset of U, .
Also for each U € u,/u c, (U)=cdl, (V,)NA,so that for each x € A,

A

T € U{CZT2A (U) : U € U’} for all but finitely many n. B

Theorem 11. Every 7,-closed and 7,-open subset of an (i, j)-almost
Hurewicz space is (i, j)-almost Hurewicz.

Proof. We consider only the case i = 1,7 = 2. Let F' be a 7,-closed
and T,-open subset of an (1,2)-almost Hurewicz bitopological space
(X,7,,7,). Let {U, : n € N} be a sequence of covers of F' by 7,-open
sets in X. Then for each n € N, V = U, U{X \ F} is a cover of
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X by 7,-open sets. Since X is (1,2)-almost Hurewicz, there exists a
sequence {V’ : n € N} such that for each n € N, V' is a finite subset
of V, and for each z € X, z € U{cl, V' : V € V'} for all but finitely
many n. Then for each n € N, U ={V e V' : V # X\ F}isa
finite subset of U,. Thus for each 2 € F', x € U{cl_ (V) : V € U}
for all but finitely many n (using Lemma 11). Hence F' is (7, j)-almost
Hurewicz. 1

Next we study the preservation of an (i, j)-almost Hurewicz space
under different types of mappings.

Recall that a mapping f : (X, 7,,7,) — (Y,0,,0,) is said to be
(i) pairwise continuous [9] if both f : (X,7,) — (Y,0,) and f :
(X,7,) — (Y, 0,) are continuous.
(i1) (4, 7)-almost continuous [12] if f~!(B) is a 7,-open set in X for
every (i, j)-regular open set B in Y. In addition, f is called pairwise
almost continuous if it is (1,2) and (2, 1)-almost continuous.
(iii) (4, j)-0-continuous [13] if for each o,-open set V in Y, there exists
a 7,-open set U in X such that f(cl,_(U)) € cl, (V). [ is called pair-
wise f-continuous if it is (1,2) and (2, 1)-6-continuous.
(iv) (i,7)-contra continuous [16] if f~'(V) € 7,, for each V € cor,.
f is called pairwise contra continuous if it is (1,2) and (2, 1)-contra
continuous.
(v) (4, j)-precontinuous [L1] if f~H(V) C int_ c, (f~1(V)), for all ;-
open set V in Y. f is called pairwise precontinuous if it is (1,2) and
(2, 1)-precontinuous.
(vi) (7, 7)-weakly continuous [1] if for each x € X and each o,-open
set V of Y containing f(z), there exists a 7,-open set U containing x
such that f(U) C cl[,j (V). f is called pairwise weakly continuous if it
is (1,2) and (2, 1)-weakly continuous.
(vii) (,7)-strongly O-continuous [13] if for each o,-open set V in Y,
there exists a 7,-open set U in X such that f(cl, (U)) € V. fis
called pairwise strongly #-continuous if it is (1,2) and (2, 1)-strongly
f-continuous.
(viii) (4, j)-almost open if for each o,-open set V in Y, ffl(clai (V)) C
cl.. (f71(V)), for i = 1,2. f is called pairwise almost open if it is (1,2)
and (2, 1)-almost open.
(ix) (4, 7)-open if for each 7,-open set U in X, f(U) is o,-open in Y,
for i = 1,2. f is called pairwise open if it is (1,2) and (2, 1)-open.
(x) pairwise perfect [3] if f is pairwise continuous, image of every T,
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(1,)-closed set of X is o, (resp., 0,)-closed in Y, inverse image of every
point of Y is compact w.r.t. 7, and also w.r.t. 7, in X.

Theorem 12. Let (X, 1,,7,) be an (i, j)-almost Hurewicz bitopological
space and let (Y,0,,0,) be a bitopological space. If f : (X, 7,,7,) —
(Y,0,,0,) is a pairwise almost continuous or a pairwise continuous
surjection, then (Y,o,,0,) is also (i, j)-almost Hurewicz.

Proof. We consider the case ¢ = 1,5 = 2. We prove the result for
a pairwise continuous surjection, the proof for the almost pairwise
continuous map is almost the same (see [2] for details). Let {4, : n €
N} be a sequence of covers of Y by o,-open sets. Let {¢// : n € N}
be a sequence defined by U/ = {f~'(U) : U € U,}, n € N. Since f
is (1,2)-continuous, each U’ is a cover of X by 7,-open sets. Now as
X is (1,2)-almost Hurewicz, there exists a sequence {V’ : n € N} of
finite families such that for each n € N, V' C U/’ and for each € X,
z € U{cl,_ V:V eV} forall but finitely many n. For V' € V', choose
U, € U, such that V = f~1(U,). Let V, = {U, : V. € V'}. Then
for each n € N, V_ is a finite subset of U, and clearly {V, : n € N}
witnesses the (7, j)-almost Hurewiczness of (Y,0,,0,) for {U, : n €
N}. 1

Theorem 13. Let (X, 1,,7,) be an (i, j)-almost Hurewicz bitopological
space and let (Y,0,,0,) be a bitopological space. If f : (X,7,,7,) —
(Y,0,,0,) is a pairwise 0-continuous surjection, then (Y, o,,0,) is also
(1,7)-almost Hurewicz.

Proof. We consider the case i = 1,5 = 2. Let {V : n € N} be
a sequence of covers of Y by o,-open sets. Fix x € X. For each
n € N, there is a set V, . € V. containing f(x). Since f is pairwise
f-continuous, there is a 7,-open set U, , in X containing x such that
flel, (U,.)) €, (V,,). Then for each n € N, U, ={U,, : z € X}
is a cover of X by 7,-open sets of X. As X is (1,2)-almost Hurewicz,
there is a sequence {H, : n € N} of finite sets such that for each
neN H ={U,, i<k} CU, and for each z € X, = €
U{cl, H:HeH,} for all but finitely many n. For each U.. €H,,
choose a set W, .~ €V, such that f(cl,_(U,,)) € d, (W,, ) and set
W, ={W,, i <k,}. Then {W, : n € N} witnesses the (4, j)-almost
Hurewiczness of (Y,o,,0,) for {V :n €N} &

Remark 14. As each pairwise almost continuous mapping is a pair-

wise B-continuous mapping, the above theorem extends and generalizes
Theorem 13.
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Theorem 15. Let (X,7,,7,) be an (i,j)-almost Hurewicz bitopo-
logical space and let (Y,o0,,0,) be a bitopological space. If f
(X,1,71,) = (Y,0,,0,) is a pairwise strongly 0-continuous surjection,
then (Y, 0,,0,) is also (i, j)-Hurewicz.

Proof. We consider the case i = 1,7 = 2. Let {V, : n € N} be a
sequence of covers of Y by o,-open sets. Fix z € X. For each n € N,
there is a set V,, € V, containing f(x). Since f is pairwise strongly

f-continuous, there is a 7,-open set U, , in X containing z such that
flel, (U,,)) €V,,. Then foreach n € N, U, ={U,, : v € X} is
a cover of X by 7,-open sets. As X is (1,2)-almost Hurewicz, there
is a sequence {#H, : n € N} of finite sets such that for each n € N,
H, C U, and for each v € X, v € U{cl, H : H € H,} for all but
finitely many n. For each H € H,, choose a set W, € V_ such that
flel, (H)) €W, and set W, ={W, : H € H,}. Then {W, : n € N}

witnesses the (7, j)-Hurewiczness of (Y, 0,,0,) for {V, :n € N}. 1

Theorem 16. Let (X, 7,,7,) be an (i, j)-almost Hurewicz bitopological
space and let (Y,o0,,0,) be a bitopological space. If f : (X,7,,7,) —
(Y,0,,0,) is a pairwise contra continuous, pairwise precontinuous sur-
jection, then (Y,o,,0,) is also (i, j)-Hurewicz.

Proof. We consider the case i = 1,5 = 2. Let {V, : n € N} be a
sequence of covers of Y by o, ,-open sets. Since f is pairwise contra
continuous, for each n € N and each V €V, f~1(V) is 7,-closed in X.
As f is pairwise precontinuous, f~1(V) C int, cl, ( f~YV)) so that
fHV) =int,_ (f~1(V)). Then for each n € N, U, = {f}(V):V €
V. } is a cover of X by 7,-open sets. As X is (1,2)-almost Hurewicz,
there is a sequence {H, : n € N} of finite sets such that for each
n€N, H, CU, and for each x € X, v € U{cl, H : H € H,} for all
but finitely many n. Then W, = {f(H) : H € H,} is a finite subset
of V and {W, : n € N} witnesses the (i, j)-Hurewiczness of (Y, 0,,0,)
for {V :neN}. »

Theorem 17. Let [ : (X,7,,7,) — (Y,0,,0,) be a pairwise al-
most open, pairwise perfect and pairwise continuous mapping and
(Y,o,,0,) be (i,7)-almost Hurewicz. Then (X,T,,7,) is also (i,7)-
almost Hurewicz.

Proof. We consider the case i = 1,5 = 2. Let {U, : n € N} be a
sequence of covers of X by 7,-open sets. Then for each y € Y and each
n € N, there is a finite subfamily ¢, ~of U, such that Yy C u, .
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LetU, =uUU, . ThenV, = =Y\ f(X\U,, ) is a 0,-open set containing
yThenforeachnENV—{V yEY}lsacoveronbya—
open sets. As (Y,0,,0,) is (4,))- almost Hurewicz, there is a sequence
{V' :n € N} such that for each n € N, V' is a ﬁnlte subset of V and
foreachy € Y,y € U{cl, (V):V € V’} for all but finitely many n.
Without loss of generality, we may assume that V/ = {V, i <n’ }
for each n € N. For each n € N, let U/ = U,_ U, . Then Ui

a finite subset of ¢, ,. Hence the sequence {U:L in 6 N} witnesses
for {U, : n € N} which shows that (X, 7,,7,) is also (¢, j)-almost
Hurewicz. In fact, let x € X, f(z) € U{cl .V, y) 1 < n'} for all

but finitely many n. For n € N, if f(z) € U{cl V., ) i < '},
then there exists some i < n’ such that f(z) € cl (Vy) Hence

n

v € fTH(f(@) € fHl,, (V) € (f71(V,,) Cd,(U,)C
c, (UU, ). Therefore x E U{cl L(U) U € Z/l’} for all but finitely
many n, Wthh completes the proof 1

3. MIiLbLY HUREWICZ BISPACES

We define and study in this section, a version of the classical
Hurewicz covering property in a bitopological space (X, 7,, 7,) by using
covers by sets which are both 7,-open and 7,-closed (or, simply called
(1, 7)-clopen), for i # j,i,7 = 1,2. We call this property (i, j)-mildly
Hurewicz.

Definition 18. A bitopological space (X, T,,7,) is said to be (i,j)-
mildly Hurewicz (1,5 = 1,2,i # j) if for each sequence {U, : n € N}
of covers of X by (i, j)-clopen sets, there exists a sequence {V, : n € N}
of finite families such that for each n, V., C U, and for each v € X,
x € UV, for all but finitely many n.

Note 20. Note that if (X, 7,) is Hurewicz, then the bitopological
space (X, 7,,7,) is (1,2)-mildly Hurewicz.

Example 19. Consider the set R of real numbers endowed with the
cofinite topology T, and the usual topology T,. Since (R, 1,) is Hurewicz,
the bitopological space (R, T,,7,) is (1,2)-mildly Hurewicz, but the space
(R, 7,) is not Hurewicz.

It is also evident that each (i, j)-clopen subset of an (i, j)-mildly
Hurewicz space is also (i, j)-mildly Hurewicz, and that any pairwise
continuous image of an (i, j)-mildly Hurewicz space is (i,7)-mildly
Hurewicz. Also every (i, j)-Hurewicz space is (i, 7)-mildly Hurewicz.
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We next discuss the behaviour of the (7, j)-mildly Hurewicz property
under some classes of mappings.

Theorem 20. A pairwise contra-continuous, pairwise precontinuous
image Y = f(X) of an (i, j)-mildly Hurewicz space (X, 1,,7,) is (i,7)-
Hurewicz.

Proof. We consider the case i = 1,7 = 2. Let {V, : n € N} be a cover
of Y by (1,2)-clopen sets. Since f is pairwise contra continuous, for
each n € N and each V € V , f~1(V) € cor,. As [ is pairwise pre-
continuous, f~'(V) C int, cl, f~H(V) = int, f~'(V), which implies
that f=1(V) is 7,-open, so that f~1(V) is (1,2)-clopen. Hence for each
neN U ={fY(V):V eV }isacover of X by (1,2)-clopen sets.
As X is (1,2)-mildly Hurewicz, there exists a sequence {G, : n € N}
such that for each n € N, G is a finite subset of U, and each x € UG,
for all but finitely many n. Let W, = {f(G) : G € G,} for n € N.
Then for each n € N, W, is a finite subset of V. Let y = f(z) € Y.
As x € UG, for all but finitely many n, y € UW,_ for all but finitely
many n. Hence Y is (1, 2)-Hurewicz. 1

Theorem 21. Let (X,7,,7,) be an (i, j)-Hurewicz bitopological space
and let (Y,o0,,0,) be a bitopological space. If f : (X,7,7,) —
(Y,0,,0,) is a pairwise weakly continuous surjection, then (Y,o,,0,)
is (i, j)-mildly Hurewicz.

Proof. We consider the case i = 1,5 = 2. Let {V, : n € N} be a
sequence of covers of Y by (1,2)-clopen sets. Let z € X. Then for
each n € N, thereisa V, €V, such that f(z) € V, . As f is weakly
continuous, there is a 7,-open set U, in X containing x such that
fU,.)Cel, (V,,)=V,,. Thenforeachn e N,U, ={U,, 2 € X}
is a cover of X by 7,-open sets. As X is (1,2)-Hurewicz, there is
a sequence {H, : n € N} of finite sets such that for each n € N,
H, € U, and for each x € X, z € U H,_ for all but finitely many
n. Lete W, ={V,, : f(H)CV,,,HcH,} Then for each n € N,
W is a finite subset of V. Let y = f(z) € Y. As z € U H,, for all
but finitely many n, y € UW, for all but finitely many n. Hence Y is

(1, 7)-mildly Hurewicz. §

Definition 22. [14] A bitopological space (X, T,,T,) is said to be T,-
zero dimensional w. r. t. T, if T, has a base of T,-closed sets, i.e. if
for each point x € X and each T,-open set U containing x, there exists
a 7,-closed set G such that v € G C U.

(X,7,,7,) is said to be pairwise zero dimensional if X is T,-zero
dimensional w. r. t. T, as well as 7,-zero dimensional w. r. t. T,.
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We next recall two notions.

Definition 23. (i) A cover U of a bitopological space (X,T,,7,) is
called pairwise open, if U C 7, UT, and if furthermore U is contained
in a nonempty member of T, as well as in 7,. X is called pairwise
compact [7] if every pairwise open cover has a finite subcover.

(i1) A bitopological space (X, 1,,T,) is said to be pairwise T, [7], if for
each pair x,y of distinct points of X, there is either a T,-open set U
such that v € U and y ¢ U or a 7,-open set V' such that y € V and
x&V.

Theorem 24. Let (X, 7,,7,) be a pairwise zero dimensional, pairwise
T, and pairwise compact bitopological space. Then X is (i, j)-mildly
Hurewicz if and only if X is (i, 7)-Hurewicz.

Proof. We consider the case i = 1,5 = 2. Let {U, : n € N} be a
sequence of 7,-open covers of X. As X is 7,-zero dimensional w. r. t.
7,, pairwise T, and pairwise compact, there exists a cover {V :n €
N} of X consisting of (1,2)-clopen basic sets. As X is (1,2)-mildly
Hurewicz, for each n € N, there exists a finite subset YW _of V. such
that x € UW, for all but finitely many n. Then H, = {U,, € U, :
W cU,,WeW.,} neNis a finite subset of U, for n € N and
{#, : n € N} witnesses for {U/, : n € N} so that X is (1, 2)-Hurewicz.
The other part is obvious. 1

Theorem 25. Let f : (X,7,,7,) — (Y,0,,0,) be a pairwise open,
pairwise perfect, pairwise continuous mapping and (Y, 0,,0,) be (i,7)-
Hurewicz. Then (X, T,,7,) is (i,j)-mildly Hurewicz.

Proof. We consider the case i = 1,5 = 2. Let {{{, : n € N} be a
sequence of covers of X by (1, 2)-clopen sets. Foreachy € Y, f~!(y) is
compact w.r.t. 7, and also w.r.t. 7,, so that for each n € N, there exists
a finite set ¥V, C U, which covers f~'(y). Let V, = UV, . Since f
is (1,2)-closed, for each n € N and each y € Y, there exists W, , € o,
such that y € W, and f7Y(W, ) CV, . Set W, ={W, :yeY}
n € N. Then {W, : n € N} is a cover of Y by o,-open sets. As Y
is (1,2)-Hurewicz, there exists a sequence {H, : n € N} such that
‘H, is a finite subset of W _for each n € N, and for each y € Y,
y € U H, for all but finitely many n. For each n € N and each
H € H,, there exists finite U , € U, with f~'(H) c U U, ,. If
G, ={Uecl,:Uecl,,,HecH,} then G is a finite subset of U,
for each n € N. Let y = f(x) € Y. Then y € U H, for all n > n,,
which implies that x € f~'(U H,) € U G, for all n > n,. Hence
(X, 7,,7,) is (1,2)-mildly Hurewicz. 1
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