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ON FINITELY CONTINUOUS DARBOUX
FUNCTIONS AND STRONG FINITELY
CONTINUOUS FUNCTIONS

Abstract

Properties of the families of finitely continuous and strong finitely
continuous functions are investigated. We show that the Darboux prop-
erty implies continuity of strong finitely continuous functions and that
the family DB7T* is superporous in the space of all finitely continuous
functions with the Darboux property.

1 Notions.

We apply standard symbols and notions. By R we denote the set of real
numbers. By Q (N) we denote the set of rational numbers (positive integers).
For a metric space Z, z € Z and R > 0 by Bz(z, R) (or simply B(z, R)) we
denote an open ball with center z and radius R. Let AC Z,z€ Z, R> 0. If
there does not exist y € Z and r > 0 such that B(y,r) C B(z, R) \ A, then let
(2, R, A) = 0. Otherwise let

v(2z, R, A) =sup{r > 0: 3,z B(y,r) C B(z,R) \ A}.
If

A
lim sup LZ’ R 4)

>0
R—0+ R ’

then we say that A is porous at z. We say that A is superporous in z, if for
every set B C Z, porous at z, the set AU B is porous at z. If f is a function,
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then by C; (Dy) we denote the set of all continuity (discontinuity) points of
the function f. No distinction is made between a function and its graph.

Let X be a metric space. The function f € R¥ is said to be Darboux if, for
every connected set A C X, the image f(A) is a connected subset of R (i.e., an
interval). The class F C R¥ is an ordinary system (in the sense of Aumann)
if F contains all constants and for f,g € F, max(f,g) € F, min(f,g) € F,
f+geF, f-geF, and (if{x:g(m)zO}z@)%E}'.

If f € RE xR, then let LT(f,z), L=(f,z), and L(f,z) denote the
following limit sets: L1 (f,z) denotes the set of all @ € R such that there
exists a sequence (2,)%2, (z, > x, n = 1,2...) for which lim z, = x and

n=1
n—oo

lim f(z,) = a. Similarly L=(f,z) denotes the set of all @ € R such that

there exists a sequence (r,,)22, (zn <z, n=1,2...) for which lim z, =«

n=1
and nlirr;o f(zn) = . Finally, L(f,z) = LT (f,z) UL~ (f,x).

Let A be a covering of a metric space X (i.e., [JA = X). The function
f € RX is said to be A-continuous if, for all A € A, the restriction f [ A is
continuous. The function f € R¥ is said to be n-continuous (finitely continu-
ous), if there exists a covering A of X such that card(A) =n (card(A) < w),
and f is A-continuous.

R. Pawlak in [3] introduced the notions of the class of functions B;*, inter-
mediate between the family of continuous functions and the class of Baire*1
functions. We say that the function f belongs to the class Bf*, if either Dy = ()
or f Dy is a continuous function.

If f € R¥ is a Darboux function, then f is 2-continuous if and only if f
belongs to the class Bf* (see [1]).

Denote by the symbol C (DB7™ respectively) the set of all bounded contin-
uous functions from R® (all bounded Darboux functions from R® belonging
to the class B*), with the metric of the uniform convergence. H. Pawlak [4]
proved that C C; DBT™; i.e., C is a superporous subset of DB}*

Denote by the symbol DBC* (DC*, respectively) the set of all bounded
finitely continuous Darboux functions from R¥ belonging to the class B; (the
set of all bounded finitely continuous Darboux functions from R¥).

Theorem 1. C C, DB* C, DB,C* C; DC*
PRrROOF. We show first that
DB* Cs DBC*. (1)

Let f € DB1C* and £ C DB1C* be porous at f. We shall prove that DB]*UZ
is porous at f.
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Because Z is porous at f,

. 2
S—o0+ S >0 2)

Let R > 0. We shall show that v(f, R,DB* U Z) > ~(f, R, Z)/16.
According to (2), there exists g € DB1C* and 71 > v(f, R, Z)/2 > 0 such that

B(g,m) € B(f,R)\ 2. 3)

Let r = . Of course r > 7(f, R, B)/16. We shall show that there exists
h € DB{C* such that

B(h,r) C B(f,R)\ (DB{" U Z). (4)

Because g is finitely continuous and Darboux, the set of discontinuities of g
is nowhere dense [1], hence int(C}) is dense in R. Let x € int(C,) and a,b be
such that a < zg < b, [a,b] C intCy, g([a,b]) C (g(zo)—r,g(x0)+7r). Let C be
a classical Cantor set on [a, b], C° be the set of bilateral condensation points of
C, co € C°, ((an,bn))2, be a sequence of components of [a,b]\C, ¢, = 2=Ft=
forn=1,2,.... Let £,,kn, n =1,2,..., be functions linear on [a,, ¢,] and on
[cn, bn] such that £, (ay) = £,(b,) = g(xo) — 37, n(cn) = g(xo) + 31 kp(a,) =
Kn(bn) = g(xo) + 31, kn(cn) = g(xo) —3r. Let Ny = {n € N:b, < ¢},
Ny ={n € N:a, > c}. Define

9(x), z & (a,b)
Ly (), Z € [an,bpl,n € Ny
h(z) =< glzo) —3r, =€ C°N(a,c]
n(T), x € [an,bp],n € Ny

K
g(zo) +3r, x € C°N(co,b)

Then h [ ((a,b) \ C), b [ (C N (a,c]) and h | (C N (co,b)) are continuous.
Moreover h[(R\ (a,b)) = g[(R\ (a,b)) and g is finitely continuous. Therefore
h is finitely continuous.

Because g € D, it follows that h has the Darboux property on (—oco, a) and
(b,00). If I is an interval, I C (a,b), then h(I) = £,(I) or h(I) = k,(I) for
some n € {1,2,...} or h(J) = [g(xo) — 3r, g(xo) + 3r], so h(J) is an interval.
Thus h has the Darboux property on (a,b). Moreover h is left continuous at
the point a, right continuous at the point b and

h(a) € Lt (h,a) = [g(xo) — 37, g(x0) + 3r] = L~ (f,b) > h(b).

So, h is a Darboux function.
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Observe that h € By. Indeed, let K be a perfect set. If there exists
r € KNCy, then h | K is continuous at x. We can assume, that K C Dy,
Because h € DC*, we have that Dj, is a nowhere dense set, therefore K is
a boundary set. Thus there exists k € {1,2,3,4} and u < v such that F =
K Nu,v] = KN (u,v) C Jg, where J; = (—00,a), Jo = (b,00), J3 = (a, ),
Jy = (co,b). It enough to show that h [ F' has a point of continuity. If
k € {1,2}, it is a consequence of h|F =g | F and g € By. If k € {3,4}, then
h [ F is continuous.

If ¢ € B(h,r), then, for x € R, [{(x)—g(z)| < [£(x) —h(z)]|+]|h(x)—g(x)] <
6r thus B(h,r) C B(g,6r) =B (g, 3%), so, by (3),

B(h,7) C B(f,R)\ Z. (5)

Let ¢ € B(h,r). Then C C [a,b] N D¢ and ¢ [ D, is discontinuous at cg.
Therefore ( ¢ Bf* and we obtain that

B(h,r) N DB:* =0 (6)

From (6) and (5) we have (4) and the proof of (1) is finished.
Now we similarly prove that DB;C* C, DC*. Let f € DC* and Z C DC*

be porous at f. Because Z is porous at f we have limsupg_,q+ W > 0.

Let R > 0. Then there exist ¢ € DC* and 7, > w > 0 such, that
B(gi,m1) C B(f1,R)\ Z. Let r = %

Because g is finitely continuous and Darboux so int(Cj) is dense in R. Let
xo € int(Cy) and let (as above) a,b be such that a < xy < b, [a,b] C int(Cy),
g([a, b)) C (g(zo) — 7, g(zo) + 7). Let C be a classical Cantor set on [a,b],
((an, b)), be a sequence of components of [a,b] \ C, and C° be the set
of bilateral condensation points of C. Let ¢, (where n = 1,2,...) be linear
functions such that ¢, (a,) = g(xo) — 3, £n(byn) = g(z0) + 3r.

Define

9(z), z & (a,b)
h(fﬂ): En(m)7 S [a’nabn]7 n:172a"'
g(xg)+3r, zeC°

It is easy to see that h € DC* and h € B(h,r) C B (g,%*) C B(f,R)\ 2.
Observe that if ( € B(h,r), then ¢ | C has no continuity point. Therefore
¢ ¢ By and in consequence B(h,r) C B(f, R) \ (DB1C* U 2). O

2 Strong Finitely Continuous Functions.

The function f € RX is said to be strong n-continuous iff there exist continuous
functions fi,..., fn € RY such that f C (J;_, fx. Of course, if f is strong
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n-continuous, then it is n-continuous, because X = |J;_, Ay where 4 = {x :
f(z) = fr(x)}, for k = 1,2,...,n. The function is said to be strong finitely
continuous, if it is strong n-continuous for some n.

The family of finitely continuous, real-valued functions is an ordinary sys-
tem in the sense of Aumann [1]. In [2] the authors proved that the family
of functions with graph contained in the union of the graphs of a sequence
of continuous functions is also closed with respect to algebraic and lattice
operations. Similarly, as in [2], we obtain:

Proposition 1. If f, g are strong finitely continuous, then f + g, f - g,
min(f,g), and max(f, g) are strong finitely continuous.

We say that f is locally bounded iff for every x € R there exists M > 0
and an open interval I such that z € I and f(t) € (—M, M) for t € I. Of
course:

Proposition 2. If f is strong finitely continuous, then it is locally bounded.

Proposition 3. The family of strong finitely continuous functions (from R¥)
is mot an ordinary system in the sense of Aumann.

ProOOF. Let f(z) =1 for z € R, g(z) = «, for x # 0 and ¢g(0) = 1. Then f,
g are strong finitely continuous and {z : g(z) = 0} = 0. Let h = f/g. Then
h(z) = 1/x for x # 0 and h(0) = 1, so h is not strong finitely continuous by
Proposition 2. O

3 Finitely Continuous Functions with a Nowhere Dense
Set of Discontinuity Points.

The finitely continuous function (as well as the strong finitely continuous func-
tions) can be everywhere discontinuous. For example f € RR, f(x) = 1 for
x €Q f(z) =0 for € Q. On the other hand if f is finitely continuous and
Darboux, then the set of discontinuity points is nowhere dense. For strong
finitely continuous functions, the Darboux property is enough to imply conti-
nuity everywhere.

Theorem 2. If f is strong finitely continuous and Darbouz, then it is contin-
UOUS.

ProoOF. Fix a € R. Let ¢g1,...,9n» : R — R be continuous functions such
that f C Up_, gx. Suppose that f is not continuous at a. Then there exists
p € L(f,a), p # f(a). We can assume that p < f(a). (By Proposition 2
we have —oo < p < 00.) Let a € (p, f(a)) \ {g:(a),i = 1,...,n}. Denote
dy = |la—p|, di = |a—gi(a)|, i =1,...,n and let € = min(dp,d1,...,dy).
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For i € {1,...,n}, from the continuity g;, we infer that there exists d; > 0
such that g;((a — d;,a + 0;)) C (gi(a) —€,9:(a) +¢€). Let I = (a — d,a + 9)
where § = min{dy,...,0,}. There exists y € I such that [p — f(y)| < e
Then f(y) < a < f(a) and by the Darboux property there exists z € [
such that f(z) = a. Because f C |J,_; gk, there exists i € {1,...,n} such
that f(z) = gi(2). Then |g;(z) — gi(a)| = |a — gi(a)] = d; > e. This is a
contradiction. O

Corollary 1. Let f € R®. If there exists (a,b) C R such that f | (a,b) is
Darbouz and (a,b) \ Cy # 0, then f is not strong finitely continuous.

Observe that f is a finitely continuous function with a nowhere dense set
of discontinuity points iff there exists a covering {Ay,..., 4, } of X such that
Ui, int(4;) is dense in X and f]A; is continuous. Indeed, if By, ..., By, are
such that Ul,zzl B; = X and f | B; is continuous, for i = 1,...,k, then it is
enough to take n =k +1, Ay = Cy and A; = B;_1, (for i =2,...,n). If there
exists a covering Ay,..., A, of X such that |J_, int(A;) is dense in X and
f 1 4; is continuous, then (J;__, int(A4;) C int(C}), hence int(C}) is dense in X.

In [5] the authors introduced the notion of almost semi open step functions.
A partition P = {Pv: 1 € T} of a topological space X is called almost semi-
open if the union (J ., int(P,) is dense in X. An almost semi-open step
function is understood to be a real-valued function ¢ on X which is piecewise
constant on the partition elements of an almost semi-open partition P. We
have:

Proposition 4. [5] Let f € R® be a real-valued, bounded, cliquish function
on a compact metrizable space X. Then there exists a chain K = (P,)5%, of
finite almost semi-open partitions of the space X, such that f can be attained
as the uniform limit of a sequence of almost semi-open step functions defined
on K.

Denote by the symbol Ny (MzC**, NzC* respectively) the set of all bounded
functions from R® with a nowhere dense set of discontinuity points (all bounded
strong finitely continuous functions belonging to the class Ay, all bounded
finitely continuous functions belonging to the class Ay), with the metric of
uniform convergence.

Semi-open step functions defined on a finite almost semi-open partition of
the space X are strong finitely continuous and have a nowhere dense set of
discontinuity points. Moreover, every bounded real-valued cliquish function
is a uniform limit of a sequence of such functions. Thus the class NyC** is a
dense subset of Nj.

Let A Cg B mean that the class A is a boundary and a dense subset of B.
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Theorem 3. N C** Cap NaC* Cap Ny

PRrROOF. Let f € NyC* and € > 0. We show that there exists a finitely
continuous function g with a nowhere dense set of discontinuity points such
that g € B(f,e) \C*™*. Let ¢ € int(Cy) and a,b,c,d be such that ¢ < a <
zo <b<d, [c,d] C Cy, f([e,d]) C (f(w0) — 5, f(z0) + 5)- Let w(xo) = f(0),
w(z) = $sin(=—) + f(wo), for & # xg. Let s1,s2, be linear functions such

r—Io

that s1(c) = f(c), s1(a) = w(a), s2(b) = wo(b), s2(d) = f(d). Define

g(z) =

Of course g € NyC* and g € B(f,¢e). By Corollary 1 g is not strong finitely
continuous.

Now let f € Ny and € > 0. We show that there exists a function g with
a nowhere dense set of discontinuity points such that g € B(f,€) \ C*. Let
xo € int(Cy) and a, b be such that a < xg < b, [a,b] C Cf, f([a,b]) C (f(xo) —
£, f(zo) + 5). Let C be a classical Cantor set on [a,b], ((an,bn))52; be a
sequence of components of [a, b]\ C and C° be the set of bilateral condensation
points of C. Then there exists a sequence (C), )22, such that C, is dense in C°,

Co,NCr=0forn#k, (n,k=1,2,...) and C° = |J C,. Let ¢,, (where n =

n=1
1,2,...) be linear functions satisfying ¢,,(a,) = f(z0) — §,£n(bn) = f(20) + 5
and let (¢, )52, be a sequence of all rational numbers from (f(xo) — §, f(z0) +
5):
Define

f(z), = ¢&(ab),

g(x) =< lo(z), =€ lan,bpl,n=1,2,---,
Qn, reCyp,n=12---,

Of course, g € Ny and g € B(f,€). Suppose that g is finitely continuous. Then

n
it is n-continuous for some n. There exists Ay, ..., A, such that C° = |J A
=1

k
and g [ A; is continuous. Let ri,...,r,11 € K = (f(x0) — §, f(20) + §)
be rational, (r; # r; for i # j). Let L, = f~'(r;) N C°® and d > 0 be
such that J; = (r; —d,r; +d) C K, (i = 1,...,n), are pairwise disjoint.
Then L;, (i = 1,...,n) are dense in C°. Therefore there exist open intervals

I,cC...cl C(a,b)and ky,...,k, € {1,...,n} such that A, N ;N L; # 0



22 MARIOLA MARCINIAK

and f(Ag, NIL;) C J;, (fori=1,...,n). Let I = I,. Then I NC° # () because
INL, #0. Thus we have that L,,, is dense in C° N I. But

n n
feenn=flJanncl
k=1 k=1
hence L, 1 N C° NI ={. This is a contradiction. O
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