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Abstract. We introduce a subclass of the family of Darboux Baire 1 functions f : R — R
modifying the Darboux property analogously as it was done by Z. Grande in [On a subclass
of the family of Darboux functions, Colloq. Math. 17 (2009), 95-104], and replacing approxi-
mate continuity with Z-approximate continuity, i.e. continuity with respect to the Z-density
topology. We prove that the family of all Darboux quasi-continuous functions from the first
Baire class is a strongly porous set in the space DB; of Darboux Baire 1 functions, equipped
with the supremum metric.
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1. INTRODUCTION

Studies concerning the “size” of some subsets of the metric space have a long tradition,
also in the case when a space is a family of functions. One of the best known and
interesting examples of this kind is a result of S. Banach. In 1931 S. Banach using the
category method showed that the set of nowhere differentiable functions is residual
in the space of continuous functions under the supremum metric.

It is natural to consider similar problems for different spaces of functions. Our
paper is devoted to investigations of subclasses of the class D of Darboux functions
in this context.

Functions with the Darboux (intermediate value) property continue to hold inter-
est for a variety of reasons. Many papers which appeared during the last few years
contain results concerning Darboux-like functions in relation to dynamical systems
(see [3,8,20-23]).

The notion of porosity in spaces of Darboux-like functions was studied among
others by J. Kucner, R. Pawlak, B. Swiatek in [10] and by H. Rosen in [26].
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Modifications of the Darboux property are also considered. In particular, in the
case of the strong Swiatkowski property we demand from a point where a function
takes on the intermediate value that it be a continuity point of this function (see
[14,15]).

In [4] Z. Grande considered subclass D, of the family of Darboux functions re-
placing continuity at a point, where a functions takes on the intermediate value, with
approximate continuity, i.e. continuity with respect to the density topology. In the
paper mentioned above Z. Grande proved among others that the family D,,B; is a
nowhere dense set in the space DB equipped with the supremum metric, where DB,
is the family of Darboux functions of Baire class 1 (and throughout, as here, we omit
the intersection sign when context permits: DBy = D N By).

In this note, following Z. Grande, we consider functions with the Z-ap Darboux
property, replacing approximate continuity with Z-approximate continuity, i.e. conti-
nuity with respect to the Z-density topology.

We prove that the set DOB; of all Darboux quasi-continuous Baire 1 functions is
strongly porous (so also nowhere dense) in the space DB;.

2. PRELIMINARIES

A function f : R — R has the intermediate value property if on each interval (a,b) C R
function f assumes every real value between f(a) and f(b). In 1875 J. Darboux
showed that this property is not equivalent to continuity, and that every derivative
has the intermediate value property.

Let us introduce a metric p on the space D as follows:

p(f;g9) = min {1, sup {[f(t) — g(¢)| : t € R}}.
To simplify notation, we shall write
(a,b) = (min{a, b}, max{a,b}).

In 1977 T. Maiik and T. Swiatkowski in [18] define a modification of the Dar-
boux property. They considered a family of functions with the so-called Swiatkowski

property.
Definition 2.1 ([18]). A function f : R — R has the Swiatkowski property iff for

each interval (a,b) C R there exists a point zg € (a,b) such that f (zo) € (f (a), f (b))
and f is continuous at xg.

In 1995 A. Maliszewski investigated a class of functions which possess a stronger
property.

Definition 2.2 ([15]). A function f : R — R has the strong Swiatkowski property
(briefly f € D,) iff for each interval (a,b) C R and for each A\ € (f (a), f (b)) there
exists a point g € (a,b) such that f(xg) = A and f is continuous at xg.
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For more details about the strong Swiatkowski property see [14-17].
Z. Grande in 2009 considered a modification of the strong Swiatkowski property
replacing continuity with approximate continuity.

Definition 2.3 ([4]). A function f : R — R has the ap-Darboux property (briefly
f € Dyp) iff for each interval (a,b) C R and for each A € (f (a), f (b)) there exists a
point zg € (a,b) such that f (zo) = A and f is approximately continuous at xg.

In [4] Z. Grande proved that the family D,, is nowhere dense set in the space D,
and D, B, is nowhere dense in DB;.

Let Z be the o-ideal of sets of the first category.

In [5-7] we introduced the analogous modification of the strong Swiatkowski prop-
erty replacing continuity with Z-approximate continuity, i.e. by continuity with respect
to the Z-density topology in the domain (see [2,24,25,28,29]).

We say that a property holds Z-almost everywhere (briefly Z-a.e.) iff the set of all
points which do not have this property belongs to Z.

Definition 2.4 ([24]). The sequence {f,}nen of functions with the Baire property
converges with respect to Z to some real function f with the Baire property (f, BN

n—oo
f) iff every subsequence { fi, }nen of { fn}nen contains a subsubsequence {fi,, }nen

which converges to f Z-a.e.
Let A be a set with the Baire property and n- A = {n-a:a € A} for n € N.
Definition 2.5 ([24]). A point 0 is an Z-density point of A iff

z
X(n-A)n(—1,1) m X(-1,1)-
A point 0 is an Z-dispersion point of A iff 0 is an Z-density point of R\ A. We say that
x is an Z-density point of A if 0 is an Z-density point of A— 2z ={a —z :a € A}.

Put
®(A) ={xz €R: xis an Z-density point of A}.

The family
7z = {A CR: A has the Baire property and A C ® (4)}

called the Z-density topology was first studied in [24, 25, 29).
Recall that a function f : R — R is Z-approximately continuous at xy € R iff for
every € > 0 there exists U € 7z such that g € U and f (U) C (f (o) — €, f (x0) + ¢€).

Definition 2.6 (|5-7]). A function f : R — R has the Z-ap-Darboux property (briefly
f € Dz_gp) iff for each interval (a,b) C R and for each A € (f (a), f (b)) there exists
a point g € (a,b) such that f (xg) = A and f is Z-approximately continuous at z.

We have
D; CDupNDz_gqp C Dap UDz_gp CD,

and in [5] it is proved that all these inclusions are proper.
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Let us denote by A (Int (A)) the closure (interior) of the set A in the Euclidean
topology, respectively. A set A C R is said to be semi-open iff there is an open set
U such that U € A C U (see [13]). It is not difficult to see that A is semi-open
ifft A C Int(A). The family of all semi-open sets will be denoted by S. A function
f : R = R is semi-continuous iff for each set V' open in the Euclidean topology the
set f~1 (V) is semi-open (compare [13]).

Definition 2.7 ([9]). A function f : R — R is quasi-continuous at a point x iff
for every neighbourhood U of x and for every neighbourhood V of f (x) there exists
a non-empty open set G C U such that f(G) C V. A function f : R — R is
quasi-continuous (briefly f € Q) if it is quasi-continuous at each point.

A. Neubrunnova proved in [19] that f is semi-continuous if and only if it is
quasi-continuous.

3. MAIN RESULTS

In [6] it is proved that the family Dz_,, is a strongly porous set in the space of
Darboux functions having the Baire property, and that each function from Dz_,), is
quasi-continuous.

Observe that even the family D, is not contained in the class DB; of Darboux
Baire 1 functions.

Lemma 3.1. There exists a function f : R — [0,1] having the strong Swigtkowski
property which is not in the first class of Baire.

Proof. Let C be a Cantor set and let {(an, b,)}
intervals of the set [0,1]\C. Put

nen be a sequence of all the component

1 for x € [an, 3“"4+b"] U [a"z?’b" , bn}, n €N,

f(x) =40 for z € <R\nf=j1 [ambn]> U Ejl {egt},

n=
linear on the intervals [3“"jb", a”;b"] U [“";b", a""f’b"], n € N.

Clearly, f is not in the first class of Baire, as f | C' has no points of continuity. On
the other hand, f € D; since C' is a nowhere dense set. O

We have a sequence of proper inclusions
DyBi € DopBi N Dz_opB1 € DypB1 UDz_o,B1 € DBy,

as all the functions constructed in [5] are in the first class of Baire.

Definition 3.2 ([6]). A function f: R — R has the g-property iff for each interval
(a,b) C R such that f | (a,b) is not constant and for each interval (C, D) C f ((a,b))
there exists an interval (¢, d) C (a,b) such that f ((c,d)) C (C, D).
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In [6] it is proved that if f € Dz_gp, then f has the g-property.
We shall prove that DQOB; is a strongly porous set in (DB, p). For this purpose
we need some auxiliary lemmas.

Lemma 3.3. A Darbouz function f has the g-property iff f is quasi-continuous.

Proof. Let f be a Darboux function having the g-property. Let V' be an open set and
A= f~1(V). Observe that

A C Int(A). (3.1)
Let x € A. There are two cases:
Case 1. f is constant on some neighbourhood of z. Then f~! (V') contains this neigh-
bourhood, so x € Int (A).
Case 2. f is constant on no neighbourhood of z. From the Darboux property
f((z — 1,2+ 1)) is a non-degenerate interval. Since f has the g-property, there exists
an interval (c¢1,dy) C (z — 1,2 + 1) such that

fller,dy) cVniInt(f((xz—1,241))). (3.2)

Let z1 be the centre of (c1,d;). From (3.2) we obtain z; € Int (f~*(V)), so z1 €
Int (A). Analogously, for each n € N there exists a point x,, € (x — 1/n,z 4+ 1/n) such
that x,, € Int (A). Consequently = € Int (A), as &, ——» z. Hence A is semi-open
set. From [19] it follows that f is quasi-continuous.

Now let f € DQ. Let (a,b) and (C, D) be two intervals such that f | (a,b) is not
constant and (C, D) C f((a,b)). Let y € (C, D). Then there exists a point € (a, b)
such that f (z) = y and f is quasi-continuous at x. Hence there exists a semi-open
set A such that z € A and f (A) C (C, D).

Let ¢ be a positive number such that (z — d§,2 4+ 6) C (a,b). Asx € A and A C
Int (A), there exists a point x5 € (x — d,z + §) N Int (A). So there exists d; > 0 such
that

(xs — 1,25 +01) C (x — 0,z + )N Int(A).
Put (¢,d) = (x5 — 61,25 + 01). Obviously, (¢,d) C (a,b) and f ((¢,d)) C f(A) C
(C,D). O
Lemma 3.4. Let f be a Darboux function. If there exist two intervals (a,b) and

(A, B) such that f=* ((A, B)) N (a,b) is a non-empty set with an empty interior, then
f does not have the g-property.

Proof. Suppose, on the contrary, that f does have the g-property. Obviously, f is not
constant on (a, b), so from the Darboux property f ((a,b))N(A, B) is a non-degenerate
interval. Put

(C, D) = Int (f ((a,))) N (4, B).

From the g-property there exists an interval (c¢,d) C (a,b) such that f((c,d)) C
(C,D) C (A, B). Consequently,

(e,d) € f7H((A,B)) N (a,b),

a contradiction. O
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Let B(f,r) denote the open ball with centre f and with radius r in the space
(D, p).
onto

Lemma 3.5. For an arbitrary interval (a,b) there exists a function f: R —= [0,1]
vanishing T-a.e. on (a,b) and everywhere on R\ (a,b) such that

(i) f € DBy,
(iii) there ezists a function h € DQ such that p (f, h) = 3.

Proof. Let (a,b) C R and let {Cy}, .y be a sequence of pairwise disjoint closed
nowhere dense subsets of [a,b] of cardinality continuum such that for each interval
(¢,d) C (a,b) there exists a natural number n with C,, C (¢,d) (see [6]). Put C' =
Unen Cn- Obviously, C' is a set of type F, which is bilaterally ¢-dense-in-itself, so using
Theorem 2.4 of [1, Chapter II], there exists a function f € DBy such that f (z) =0 if
x¢Cand 0< f(z) <lforxzeC.

As the set {x € R : f(x) # 0} is of the first category, f is a function having
the Baire property. Since f=1 ((0,1)) N (a,b) is a non-empty set of the first category,
using Lemma 3.4, we obtain that f does not have the g-property and, consequently,
by Lemma 3.3, f is not quasi-continuous.

Now we shall prove that B ( f, %) NDQ = (). For this purpose we shall prove that
for each n > 2

B(f,;—i)ﬂi)gz(b. (3.3)

Let n > 2 and g € B(f,3 — 2). Let a’,1/ € (a,b) be such that f(a’) = 0 and

f()=1.Then g(a') < 3 — % and g (V') > 3 + L. From the Darboux property there
exists a point x € (a’,b’) such that g (x) = % Obviously, x € g~ * ((% -1 % + %))

At the same time

1 11 1
—1 —1
———,—4+—]]N(a,b 0,1 C
g ((2 n,2+n)> (a,0) C f77((0,1]) C C,
so from Lemma 3.4 g does not have the g-property and, consequently, by Lemma 3.3
g is not quasi-continuous. As

5(r3)-Us(r5-3),
n=3

using (3.3) we obtain (ii).

Now let
0 forxeR\(a—%,b—i—%),
h(z) =<1 for z € [a,b],
linear on the intervals [a - %, a] and [b, b+ %]

Clearly, h € DQ and p(f,h) = 1. O
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Lemma 3.6. Let g € DBy andr € (0,1). For each e € (0,r/4) there exists a function
h € DBy such that

B (hg - e) C B(g,7)\DQB.

Proof. Let g € DBy, r € (0,1) and € € (0,r/4). Since g € By, we can find a point
such that ¢ is continuous at xg, consequently there exists an interval (a,b) C R with

diam (g ([a, b])) < 2e. (3.4)
Put
ér[lf , {9 (z)}+ s?pb] {9(2)}
rela, z€la r T
= ’ = |B—— B4 — —
B 5 ,J [ 7 +e€e, B+ 3 €
and ,
A = B — 5 + €.

Then J = [A, A+ 7 —2¢]. As e < § — ¢, from (3.4) we obtain
g(wb) C[B-eB+dc

Let [ag,bo] C (a,b) and let f be a function constructed as in Lemma 3.5 for the
interval (ag,bg). Put

g (z) for € R\ (a,b),
hMz) =< A+ (r—2¢) f(z) forx € [ag,bo],
linear on the intervals [a, ag], [bo, b].

Observe, that p(g,h) < 5. If z € R\ (a,0), |h(z) —g(x)| = 0. Let = € (a,b). As
h([a,b]) C J and ¢ ([a,b]) C [B — €, B + €], we obtain

|h(x)*9(x)|§|h($)*B|+\B—g(x)|<gfe+€:g.

Consequently, p(g, h) < 5.
From the definition of h it follows that h € DB;.
Now we shall prove that

r
B (h, 5 —€) € B(g,7)\DQB:.
Let s € B(h,5 —¢) and € € (p(s,h),r/2—€). Put
E =51 ((supJ — e, supJ +€5)) N (ag, by) -

Observe that E # (). From the construction of f there exists a point z¢ € (ag, bo)
such that f (z9) =1, i.e. h(xg) = A+ (r — 2¢) = sup J. Then

s(xg) € [h(xo) —p(s,h),h(xo) +p(s,h)] C (supJ —es,sup J + €5),

so xg € E.
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Now we shall prove that
Ec f((0,1]).

Let x € E. Then s (x) € (supJ — €5,sup J + €5), so
h(x) € (supJ —€s —p(s,h),supJ +es+p(s,h)).
Hence
x€h ™ ((supJ —es —p(s,h),supJ + €5+ p(s,h))) N (ag,bo) - (3.5)

At the same time, as p(s,h) < e, < 5 —eand supJ = A +r — 2,

(supJ —es —p(s,h),supJ +es+p(s,h)) C (A A+2r —4e). (3.6)
From the definition of h
R ((A, A+ 2r —4€)) N (ag, bo) C £ ((0,1]). (3.7)

Using (3.5), (3.6) and (3.7) we obtain = € f~1((0,1]).
As f is a function vanishing Z-a.e., F is a non-empty set of the first category.
From Lemma 3.4 and Lemma 3.3 it follows that s is not quasi-continuous.
Consequently, B (h7 5= e) NDA = .
As p(g.h) < %, B(h,5 —€) C B(g,r). Finally,

B (hg —e) c B(g,7)\DOB,.

O

Let X be an arbitrary metric space. Assume that B (z,0) =0. Fix M Cc X,z € X
and r > 0. Let

v (z,r, M) =sup{t > 0:3,exB(z,t) C B(z,r)\M}.
Define the porosity of M at = as

M
p(M,z) = 2limsup v (@ M) )
r—0+ r
Definition 3.7 ([30]). The set M C X is porous (strongly porous) iff p (M,z) > 0
(p(M,x) =1) for each x € M.
Theorem 3.8. The set DQB; is strongly porous in (DB, p).

Proof. Let g € DBy, r € (0,1) and € € (0,7/4). From Lemma 3.6 it follows that there
exists a function h € DBy such that B (h,5 —¢€) C B(g,7) \DQB;. Then

7(9770719981) = g

and DOR
p(DQBy, g) = 2limsup 7’7(9’“ 9By)

r—0t r

=1 O
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From the last theorem and from the inclusion Dz_,;, C DQ it follows that Dz_ ;81
is strongly porous, so also nowhere dense in DB;. The last conclusion is analogous to
the result obtained by Z. Grande, that the set D,,B; is nowhere dense in DB (see
[4, Theorem 2]).

In [4] Z. Grande proved that the family D,,[3; is not closed under uniform conver-
gence. Indeed there exists a sequence {fy}nen of Baire 1 functions in D, uniformly
convergent to a function f which does not have the ap-Darboux property ([4, Theo-
rem 7]).

By a slightly modification of the proof of Grande we obtain its analogue for Z.

Theorem 3.9. There ezists a sequence {fy}nen of functions in Dz_qpB1, which is
uniformly convergent to a function f ¢ Dz_gyp.

Proof. Let A =, cy [@n,bn] be a right-hand interval-set at zero, such that 0 is not
an Z-dispersion point of A (compare [5]).

For each n € N choose an interval I, = [¢,,d,] C (bn+1,an), such that
b"“% € (cn,dyn), and a continuous function g, : [bny1,an] — [cn, 1] for which
g(an) =g (bpt1) =1and g(z) =z for x € I,,.

For each k € N put

1 for x € [b1, 00),
for z € [an,by], n €N,

x for x € (—o0,0],

fe(z) = gn (x) forz e [b n+1,an] neN, n<k,

0 forx:%,neN,nzk,

gn () for x € [bny1,cn]U[dp,an], n €N, n >k,

linear on the intervals {cn, b"“%} and [%v dn}, neN n>k,

and
1 for z € [b1, ),
1 for x € [an, b,], n € N,
fl@) = lan, bul

x for x € (—o0,0],
[b

gn (x) forx € n+1,an] n € N.

Clearly, f and fx, & € N, are continuous at each point = # 0, so they are Baire 1
functions and have the Darboux property. Observe that they are not Z-approximately
continuous at zero. Let ¢ € (0,1) and k € N. The sets f~! ((—¢,¢)) and £, ' ((—¢,€))
are contained in R\A4, as f (A) = fr (A) = {1}, and 0 is not an Z-dispersion point of
A, s0 0 is not an Z-density point of either f~1 ((—¢,€)) or fi ' ((—¢,€)).

At the same time, for each & € N and each open interval containing 0 there
exists a point & # 0 such that fi (z) = 0 and fi is continuous at x. Consequently,
i € Dz_qpBs for each k € N.

On the other hand, f~! ({0}) = {0}, so f ¢ Dz_ap.

Clearly, |fi (x) — f ()| < ay, for each z € R and k € N, and limy_, ar = 0, so
the sequence { fx}, oy converges uniformly to f. O
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Let A C P (R), where P (R) is the power set of R.

Definition 3.10 ([7]). We will say that f : R — R is A-continuous at the point x € R
iff for each open set V' C R with f (z) € V there exists a set A € A such that z € A
and f(A) C V. We will say that f : R — R is A-continuous if f is .A-continuous at
each point x € R.

It is not difficult to see that if A is the Euclidean topology 7., then the notion
of A-continuity is equivalent to continuity in the classical sense. If A is the density
topology 74, then we have approximate continuity. If A is the Z-density topology 77,
then we obtain Z-approximate continuity. If A is an arbitrary topology 7 on R, then
A-continuity is a form of continuity between (R, 7) and (R, 7). If A is the family of
semi-open sets S, then A-continuity is equivalent to quasi-continuity.

Definition 3.11. We will say that f : R — R has the A-Darboux property iff for
each interval (a,b) C R and each A € (f (a), f (b)) there exists a point x € (a, b) such
that f () = X and f is A-continuous at z.

Denote the family of all functions having the A-Darboux property by D4. It is
easy to see that: if A is the Euclidean topology 7., then D4 = D, = Ds; if A is
the density topology 74, then Dy = D,, = Dgp; if A is the Z-density topology, then
DA = DTI = DI—ap~

The set A is of the first category at the point x iff there exists an open neigh-
bourhood G of = such that AN G is of the first category (see [11]). We will denote by
D (A) the set of all points 2 such that A is not of the first category at .

Let Ba be the family of all sets having the Baire property.

Definition 3.12. We will say that the family A C P (R) has the (x)-property iff

1. 7. ¢ AC Ba,
2. AC D(A) for each A € A.

It is not difficult to see that a wide class of topologies has the (x)-property. For
example, the Euclidean topology, Z-density topology, topologies constructed in [12] by
E. Lazarow, R. A. Johnson, W. Wilczyniski or the topology constructed by Wiertelak
in [27]. Certain families of sets which are not topologies have the (x)-property: the
family of semi-open sets being an example, but the density topology does not have
this property.

In [7] we proved that if the family A has the (x)-property, then Dy C D4 C DQ.
So, if A has the (x)-property, then we have:

'Dsgl C DAgl Cc DOB;.
Hence, using Theorem 3.8, we obtain the following result.

Theorem 3.13. If A has the (x)-property, then the set DBy is strongly porous in
(DBI7 p) .

Acknowledgments
The authors express their gratitude to the referees for their valuable remarks and
helpful comments which improved the presentation of the paper.



On some subclasses of the family of Darboux Baire 1 functions 787

REFERENCES
[1] A.M. Bruckner, Differentiation of Real Functions, Lecture Notes in Math., vol. 659,
Springer, Berlin, 1978.
[2] K. Ciesielski, L. Larson, K. Ostaszewski, I-Density Continuous Functions, Mem. Amer.
Math. Soc. 515, Providence, Rhode Island, 1994.
[3] M. Ciklovéu7 Dynamical systems generated by functions with connected Gs graphs, Real
Anal. Exchange 30 (2004/2005), 617-638.
[4] Z. Grande, On a subclass of the family of Darbouz functions, Colloq. Math. 117 (2009)
1, 95-104.
[6] G.Ivanova, Remarks on some modification of the Darbouz property, Bull. Soc. Sci. Lett.
Lodz Sér. Rech. Déform. 72 (2014) 3, 91-100.
[6] G. Ivanova, E. Wagner-Bojakowska, On some modification of Darbouz property (to
appear in Math. Slovaca).
[7] G. Ivanova, E. Wagner-Bojakowska, On some modification of Swiatkowski property,
Tatra Mt. Math. Publ. 58 (2014), 101-109.
[8] K. L. Kellum, Iterates of almost continuous functions and Sharkovskii’s theorem, Real
Anal. Exchange 14 (1988,/1989), 420-422.
[9] S. Kempisty, Sur les fonctions quasicontinues, Fund. Math. 19 (1932), 184-197.
[10] J. Kucner, R. Pawlak, B. Swiatek, On small subsets of the space of Darbouz functions,
Real Anal. Exchange 25 (1999) 1, 343-358.
[11] A. Kuratowski, A. Mostowski, Set theory with an introduction to descriptive set theory,
Warszawa, PWN, 1976.
[12] E. Lazarow, R. A. Johnson, W. Wilczynski, Topologies related to sets having the Baire
property, Demonstratio Math. 21 (1989) 1, 179-191.
[13] N. Levine, Semi-open sets and semi-continuity in topological spaces, Amer. Math.
Monthly, 70 (1963), 36-41.
[14] A. Maliszewski, Darbouz property and quasi-continuity. A uniform approach, WSP
Stupsk, 1996.
[15] A. Maliszewski, On the limits of strong Swigtkowski functions, Zeszyty Nauk. Politech.
Lodz. Mat. 27 (1995) 719, 87-93.
[16] A. Maliszewski, On the averages of Darbouz functions, Trans. Amer. Math. Soc. 350
(1998), 2833-2846.
[17] A. Maliszewski, Sums and products of quasi-continuous functions, Real Anal. Exchange
21 (1995/1996) 1, 320-329.
18] T. Mank, T. Swigtkowski, On some class of functions with Darbouz’s characteristic,
Q
Zeszyty Nauk. Politech. Lodz. Mat. 11 (1977) 301, 5-10.
[19] A. Neubrunnova, On certain generalizations of the notion of continuity, Matematicky

Casopis 23 (1973) 4, 374-380.



788

Gertruda Ivanova and Elzbieta Wagner-Bojakowska

[20]

[21]

22]

23]
[24]

[25]

[26]

[27]

28]

[29]

[30]

H. Pawlak, R. Pawlak, Dynamics of Darbouz functions, Tatra Mt. Math. Publ. 42
(2009), 51-60.

H. Pawlak, R. Pawlak, Transitivity, dense orbits and some topologies finer than the
natural topology of the unit interval, Tatra Mt. Math. Publ. 35 (2007), 1-12.

R.J. Pawlak, On Sharkovsky’s property of Darbouz functions, Tatra Mt. Math. Publ.
42 (2009), 95-105.

R.J. Pawlak, On the entropy of Darbouz functions, Colloq. Math. 116 (2009) 2, 227-241.

W. Poreda, E. Wagner-Bojakowska, W. Wilczyniski, A category analogue of the density
topology, Fund. Math. 125 (1985), 167-173.

W. Poreda, E. Wagner-Bojakowska, W. Wilczyniski, Remarks on Z-density and
T-approzimately continuous functions, Comm. Math. Univ. Carolinaec 26 (1985) 3,
553-563.

H. Rosen, Porosity in spaces of Darbouz-like functions, Real Anal. Exchange 26 (2000)
1, 195-200.

R. Wiertelak, A generalization of density topology with respect to category, Real Anal.
Exchange 32 (2006/2007) 1, 273-286.

W. Wilczynski, A generalization of the density topology, Real Anal. Exchange 8
(1982/1983) 1, 16-20.

W. Wilczyniski, A category analogue of the density topology, approximate continuity and
the approzimate derivative, Real Anal. Exchange 10 (1984,/1985) 2, 241-265.

L. Zajicek, On o-porous sets in abstract spaces, Abstr. Appl. Anal. 5 (2005), 509-534.

Gertruda Ivanova
gertruda@math.uni.lodz.pl

University of Lodz

Faculty of Mathematics and Computer Science
ul. Banacha 22, 90-238 %.6dz, Poland

Elzbieta Wagner-Bojakowska
wagner@math.uni.lodz.pl

University of ¥Lodz

Faculty of Mathematics and Computer Science
ul. Banacha 22, 90-238 %.6dz, Poland

Received: January 31, 2014.
Revised: November 2, 2014.
Accepted: November 17, 2014.



