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Dynamical Properties and Some Classes of Non-porous Subsets of Lebesgue

Spaces

Stefan Ivkovié*, Serap Oztop and Seyyed Mohammad Tabatabaie

Abstract. In this paper, we introduce several classes of non-o-porous subsets of a gen-
eral Lebesgue space. Also, we study some linear dynamics of operators and show that
the set of all non-hypercyclic vectors of a sequences of weighted translation operators

on LP-spaces is not o-porous.

1. Introduction

o-porous sets, as a collection of very thin subsets of metric spaces, were introduced and
studied first time in [8] through a research on boundary behavior of functions, and then
were applied in differentiation and Banach spaces theories in [3/14]. The concepts related
to porosity have been active topics in recent decades because they can be adapted for
many known notions in several kind of metric spaces; see the monograph [21]. o-porous
subsets of R are null and of first category, while in every complete metric space without
any isolated points these two categories are different [20]. On the other hand, linear
dynamics including hypercyclicity in operator theory received attention during the last
years; see books [2,|11] and for instance [6|16},|17]. Recently, F. Bayart in [1] through
study of hypercyclic shifts (which was previously studied in [15]; see also [10]) proved that
the set of non-hypercyclic vectors of some classes of weighted shift operators on £2(Z) is
a non-o-porous set. This would be a new example of a first category set which is not
o-porous. In this work, by some idea from the proof of [1, Theorem 1] first we introduce
a class of non-o-porous subsets of general Lebesgue spaces, and then we develop the main
result of [1] to sequences of weighted translation operators on general Lebesgue spaces in
the context of discrete groups and hypergroups. In particular, we prove that if p > 1, K
is a discrete hypergroup, (a,) is a sequence with distinct terms in K, and w: K — (0,00)

is a bounded measurable function such that

: p
%w(ao)w(al) "'w(an)x{an+l} cL (K)’
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then the set of all non-hypercyclic vectors of the sequence (Ay,), is not o-porous, where the
operators A,, are given in Definition Also, we study non-o-porosity of non-hypercyclic
vectors of weighted composition operators on LP(R, ), where 7 is the Lebesgue measure
on R.

2. Non-o-porous subsets of Lebesgue spaces

In this section, we will introduce some classes of non-o-porous subsets of Lebesgue spaces

related to a fixed function. First, we recall the definition of the main notion of this paper.

Definition 2.1. Let 0 < A < 1. A subset E of a metric space X is called A-porous at
x € E if for each § > 0 there is an element y € B(x;0) \ {z} such that

B(y; Md(x,y)) N E = 0.

FE is called A-porous if it is A-porous at every element of E. Also, E is called o-A-porous

if it is a countable union of A-porous subsets of X.

The following lemma plays a key role in the proof of main results of this section. This

fact is a special case of [19, Lemma 2[; see also [1, Lemma 2].

Lemma 2.2. Let F be a nonempty family of nonempty closed subsets of a complete metric
space X such that for each F € F and each x € X and r > 0 with B(xz;r) N F # 0, there

exists an element J € F such that
0 #JNB(z;r) C FNB(xr)

and F'0 B(x;r) is not A-porous at all elements of JN B(x;r). Then, every set in F is not

O-\-porous.

Throughout this paper we shall consider an arbitrary number 0 < A < 1/2 and for
the simplicity, we shall just write o-porous instead of o-A-porous for a general A with
0 < A < 1/2. The next theorem is a development of |1, Theorem 1]. The proof of this
theorem is motivated by the proof of |1, Theorem 1]. Hence, same as [1], the proof of this

theorem is based on Lemma 2.2

Theorem 2.3. Let p > 1, Q be a locally compact Hausdorff space, p be a nonnegative
Radon measure on 2, and A C Q be a Borel set such that for every compact subset K of

Q there exists a constant Cx satisfying that

(2.1) [fIxank < Ckllfllp a-e. (f € LP(Q, p).
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Then, for each measurable function g on Q with gxa € LP(S2, ), the set

Lg:={fe€LP(Qn):|fl = lglxa ae}

is not o-porous in LP(, u).

Proof. Fix an arbitrary number 0 < A < 1/2, and pick 0 < § < A. Denote
F:={Ty:gxa € LP(Q u)}.

We will show that the collection F satisfies the conditions of Lemma[2.2] Let g € LP(, ).

Without loss of generality, we can assume that ¢ is a nonnegative function. Trivially,

Iy #0. Let (f,) be a sequence in I'y and f,, — f in LP(Q, ). Then, by (2.1)), |f] > gxa
a.e., and so f € I'y. Therefore, every element of the collection F is a closed subset of

LP(Q, ). Now, assume that f € LP(Q,p) and r > 0 with B(f;7) N T, # 0. We find a
measurable function h with 0 < hx4 € LP(Q, ) such that

0# B(f;mr)NTy C B(f;r)NTy,

and B(f;r) NIy is not A-porous at elements of B(f;r) NI},
Since (|f] + 87 tgxa)? € L' (9, p) and p is a Radon measure, the mapping v defined
by
v(B) := / (1f] + B tgxa)Pdu for every Borel set B C Q
B

is a Radon measure [9]. Hence, there are some 0 < € < 1, a function k € B(f;r) NIy and
a compact subset D of Q with p(D) > 0 such that

b= fllp < r and [ (A4 5 guaPde < (1= .
DC
Pick some a with
Ik = fllp < o < €"/Pr,
and denote
/Py — o

2u(D)Mr

Now, we define two functions h,¢: 2 — C by
hi=(gxa+6)xp+ B 'gxaxa\p and &:=(|k|+8)nxp + hxo\p,

where

o) it k(x) #0,
1 if k(z) =0
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for all x € Q. Since D is compact, we have hx 4 € LP(£, u). Also, for each x € D,

|k(z) — &(x) = |k(2) = (|k(z)| + 8)n(x)| = [k(z) - k(z) — on(z)| = 4,

and therefore
p _ /Py — o

1€ = B)xplly = 6u(D) :

This implies that

el/py _

1/p
< .
5 +a<elPr

1€ = Fxpllp < 1€ =F)xpllp + I(k = flxpllp <

Hence,
le=slp= [ le-span+ [ Je-spdp<er+ [ (57 gna— s an
D Q\D Q\D
st +/ (Bl gxa+ )P dp < er? + (1 — e)r? =%,
Q\D
and so, £ € B(f;r). Moreover,
|€(x)| = |k(x)] +0 > g(x) +d =h(x) a.e.on DNA,
and for each z € (Q\ D) N A we have |{(z)| = h(x). This shows that £ € Ty, and so
0# B(f;r)NTy € B(f;r) NI

because h > g.
Next, we recall that by the condition ({2.1]), since D is compact, there exists a constant
Ck such that

[fIxank < Ck|flly ae. (f € LP(Q,p)).
Now, let uw € B(f;r) NI} and put 7’ := min{&,)\(r —|If —ullp)}. Let v € B(u;r').
We define the function v: Q@ — C by
v(z) ifreD,

() :=
(lo(@)] + Blu(z) —v(z)))0(z) if 2 € Q\ D,

where

(@) = wl it () #0,
1 if v(z) =0.

Therefore, for each x € 2\ D we have

[y(2) = v(2)| = Blu(z) —v(z)| and [y(x)] = Blu(z)|.
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It is easy to see that
Iy = wll; = 1ty = o)xolly + [1(v = v)xe\pll; = (v = v)xe\pll
= B¥ll(u — v)xa\plly < B¥llu = vl[j < A[lu—wl]F,
and hence,
v € B(v; Mlu—wvllp) € B(f;7).
In addition,

|v(z)| > Blu(z)| > Bh(x) = g(z) for ae.z € (Q\D)NA
and
|v(x)| = [v(z)| > |u(z)] —0 > g(x) for a.e. z € DN A,

because |u(z)| — |v(x)| < |u(z) —v(z)| < Cpllu —v||, < 6 for a.e. z € DN A and also
|u| > h. Therefore,
B(v; Alu—wvllp) " B(f;m) N Ty # 0,

and this completes the proof. ]
Remark 2.4. If in the condition (2.1)) we set A := , then this implies that LP(Q, u) C
L>(Q, u), and this inclusion is equivalent to
(2.2) a :=inf{u(E) : u(E) >0} >0,
and equivalently, for each ¢ > p, LP(2, ) C L1(Q, p); see [18]. If in addition, supp p = €,
then the condition (2.2)) implies that for each z € Q,

uw({z}) = inf{u(F) : F is a compact neighborhood of z} > 0.

Specially, if 2 is a locally compact group (or hypergroup) and p is a left Haar measure of
it, then the condition ({2.1]) implies that  is a discrete topological space.

The next result is a direct conclusion of Theorem 2.3
Corollary 2.5. Let Q be a discrete topological space and ¢ = (¢;)jen C (0,00). Put

fp = ZjeQ ©;0;, where d; is the point-mass measure at j. Then, for each g € LP(Q, ),
the set

Ty = {f € LP(Q ) : |f] > 9]}

is not o-porous in LP(§2, fi,).

Proof. Just note that for each finite subset D of Q, k € D and f € LP(, uy),

15 =D 1 DPre(dh) = D1 FDPre{i}) = [F(R)Por = | f (k)P Mp,

JEQ jeD

where Mp = min{y; : j € D}. O
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In particular, if a set is endowed with the counting measure, we get the fact.

Corollary 2.6. Let p > 1 and A be a nonempty set. Then, for each g € (P(A), the set

Ly ={felP(A):|f] = lgl}
is not o-porous in (P(A).

Remark 2.7. The main Theorem is valid also for the sequence space cg, (that is the
space of sequences vanishing at infinity equipped with sup norm), because the sequences

with finitely many non-zero coefficients approximate sequences in cg.

At the end of this section, we give a class of non-o-porous subsets of the LP-space on
real line. In the proof of this result, which is also based on Lemma [2.2] we apply some
functions defined in the proof of Theorem

Theorem 2.8. Let p > 1, and 7 be the Lebesque measure on R. For each g € LP(R,T),
put

Oy :={f € LP(R,7) : |/ Xmm+1llp = 9Xpm,ms1)llp for all m € Z}.

Then, ©g is not o-porous in LP(R, 7).
Proof. Let 0 < A <1/2and 0 < 8 < A. Denote
F:={04:9€ LP(R,7)}.

We prove that the collection F satisfies the conditions of Lemma Let 0 < g e LP(R, 7).
Then, easily ©4 # 0 and it is closed in LP(R, 7). Now, assume that f € LP(R,7) and r > 0
with B(f;r) N ©4 # 0. Then, there exist a large enough number N € N, some 0 < € < 1
and a function k € B(f;r) N ©, such that

)

Ik — fllp < V/Prand / (|f| + B Lg)Pdr < (1 —e)rP
[_ c

. . 1 /Py
Pick some a with ||k — f|, < a < €'/Pr, and denote § := W Put

Ar:={me[N]:g=0ae. on[mm+1]}, Ay:=[N]\ A
and
By :={m e [N]:k=0ae. on[m,m+1|}, By:=[N]\ B,

where [N] :={—=N,...,N — 1}, and then define

P Z N —— Z ~ 9X[mm+1]

meA; meA; g m-+1y e
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and

k m,m
Z X[m,m+1] T Z I Xl

meB; meBy 1 X[mm+1] >
Now, we define h,£: R — C by
h:=gx-nn) +0p+ B_IQX[—N,N}C and & := (|k[x[—n,n] + )N + hX[-N,Ne-

Clearly, h € LP(R, 7). For each x € [-N, N| we have |k(z) — &(x)| = d|n(x)|, and so

1k = Ox-nmlll = lnx- vl =67 Y InXmamsy Il = 672N.
me[N]

Hence, ||(k — &)xj—n,nllp = §(2N)'/P. Now, similar to the proof of Theorem ﬁ we have
¢ € B(f;r). Moreover,
||§X[m,m+1]||p = ||kX[m,m+1}||p +4 > HgX[m,m-i-l]HP +4= HhX[m,m-i-l]HP

for all m € [N]. And also for each m ¢ [N],

||£X[m,m+1}||p = HhX[m,m+1]||p > ||gX[m,m+1]HP'
So,
§€B(fir)NO), CB(f;1)NO
Now, let uw € B(f;r)NOy, and put ' := min{d, A(r — || f —ul|p)}. Assume that v € B(u;r’).
We define the function v: R — C by
v(x) if x € [N, N|,
(lv(@)] + Blu(z) —v(z))0(x) if z € [-N,N]*,

(z) :=

where

(@) = ws it u(e) £0,
1 if v(z) =0.

Similar to the proof of Theorem we have v € B(v; A||lu—v||p). Now, for each m ¢ [N],

VX (mmt1) = (0] + Blu = v)) X mm+1) = BlulX (m,m1)-
Hence,
”7X[m,m+1]”p 2 BHUX[m,mH]Hp > 5”hX[m,m+1}Hp
since u € B(f;r) N ©y. However, in this case we have (m,m + 1) € [N, NJ|¢, so
hX (mmt1) = B_lgx (mm+1)- Thus, BIhXmm+1)llp = 19Xm,m+11llp- I m € [N], we have
YX[m,m+1] = VX[m,m+1] because Yx[(—n,N] = VX[-n,n] and [m,m + 1] C [-N, N]. We get

“|UX[m,m+1]||p - ||UX[m,m+1]||p‘ < |[(u— U)X[m,m+1]||p <|lu—-vllp <9
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because v € B(u;71’), hence

17X ms11llp = 10X mmialle = uximmille = 0 = 1hXmm+ille = 0 = l9Xmm+1llp-

Therefore,
v € B(v; AlJu —vllp) N B(f;7) N Oy,

and the proof is complete. ]

3. Applications

In this section, we will apply the results of the previous section, to prove that the set of
all non-hypercyclic vectors of some sequences of weighted translation operators is non-o-

porous.

Definition 3.1. Let & be a Banach space. A sequence (T},)nen, of operators in B(X) is
called hypercyclic if there is an element x € X (called hypercyclic vector) such that the
orbit {T,,(z) : n € Ny} is dense in X. The set of all hypercyclic vectors of a sequence
(T )nen, is denoted by HC((T},)nen, ). An operator T' € B(X) is called hypercyclic if the

sequence (T™)nen, is hypercyclic.

Let G be a locally compact group and a € GG. Then, for each function f: G — C we
define L,f: G — C by Lof(z) := f(a~'x) for all z € G. Note that if p > 1, then the left
translation operator

Ly: LP(G) — LP(G), [~ Lof

is not hypercyclic because ||L,|| < 1. Hypercyclicity of weighted translation operators on
LP(G) and regarding an aperiodic element a was studied in [5] (an element a € G is called

aperiodic if the closed subgroup of G generated by a is not compact).

Definition 3.2. Let G be a locally compact group with a left Haar measure p. Fix
p > 1. We denote LP(G) := LP(G,p). Assume that w: G — (0,00) is a bounded
measurable function (called a weight) and a € G. Then, the weighted translation operator
Towp: LP(G) — LP(Q) is defined by

Towp(f) =wLaf, [f€LP(G).

For each n € N we denote ¢, := wL,w - - L n—1w, where al

of G.

= e, the identity element

Theorem 3.3. Let p > 1, G be a discrete group and a € G. Let u be a left Haar measure

on G and (vp)n be an unbounded sequence of nonnegative integers. Let w: G — (0,00) be
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a bounded function such that for some finite nonempty set F' C G and some N > 0 we

have

n
a"FNF=0, n>N, and B::inf{Hw(akt) :nZN,tGF} > 0.
k=1
Then, the set

A:={fe PG p): 1T o f — xFllp > w(EYY?P for all n > N}
18 MON-0-POTOUS.

Proof. Let I :={f € LP(G,p) : |f] > %XF} Then, I' is not o-porous in LP(G, i) thanks
to Theorem Also, for each f € I' and n > N we have

172 f — xellE = /G [ wla ) fa ) — xr(@)| dul)
k=1
Tn p
- / I] w(es) f@) - xp(@™2)| du(z)
G =1
Tn 14
— [ Tl w@)7@) = xapla)| dute)
G =1
Yn p
w(a®z) f(z) — X —mp(T T
z/FkHl< (@) — Yammr(@)| du()
_ - k ! 17 _
-/ [[ v dne) > / ‘/6’5 du(e) = u(F).

This completes the proof. O

Example 3.4. Let G be the additive group Z with the counting measure. Let F' be a
finite nonempty subset of Z. Put N := max{|j| : j € F}. If w := (wp)nez C (0,00)
is a bounded sequence. Then the required conditions in the previous theorem hold with

respect to F' and a := 1.
The following fact is a direct conclusion of the previous theorem.

Corollary 3.5. Let p > 1, G be a discrete group and a € G with infinite order. Let p be
the counting measure on G and (v,)n be an unbounded sequence of nonnegative integers.
Let w: G — (0,00) be a bounded function such that for somet € G,

inf{ﬁw(akt):neN} > 0.

k=1
Then, the set

{£e?(G,p) T30 f — xnlly = 1 for all n}

1S MON-0-POTOUS.
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Theorem 3.6. Letp > 1, G be a discrete group, and a € G. Let p be a left Haar measure
on G. Let (yn)n be an unbounded sequence of nonnegative integers and let w: G — (0, 00)

be a bounded function such that

Then, the set

eN
=

n
r:= {feLp(G,u):|f(e)|inf w(ak)21}

is non-co-porous. In particular, setting T, := T p for all n, the set of all non-hypercyclic

vectors of the sequence (Ty,)y is not o-porous in LP(G, ).

Proof. Since p({e}) > 0, applying Theorem the set I' is non-o-porous, because

neN

Tn -1
[inf w(ak)] X{e} € LP(G, ).
k=1

Let f € . If n is a nonnegative integer, then for every = in G we have

T fllp > |05, (@) Lawn £ ()],

and so setting x = a”™ we have

TSl 2 [onla™ Lo F(a™)] = [f{ w(ml £ 2 1£()] inf T w(a) > 1.
k=1 k=1

This implies that the set {T},f : n € N} is not dense in LP(G, 1), and so I' is a subset of
the set of all non-hypercyclic vectors of T'. This completes the proof. O

Now, we recall the definition of hypergroups which are generalizations of locally com-
pact groups; see the monograph [4] and the basic paper [12] for more details. In locally
compact hypergroups the convolution of two Dirac measures is not necessarily a Dirac
measure. Let K be a locally compact Hausdorff space. We denote by M(K) the space of
all regular complex Borel measures on K, and by §, the Dirac measure at the point x.

The support of a measure 1 € M(K) is denoted by supp(u).

Definition 3.7. Suppose that K is a locally compact Hausdorff space, (u,v) — p*v is a
bilinear positive-continuous mapping from M(K') x M(K) into M(K) (called convolution),
and x — z~ is an involutive homeomorphism on K (called involution) with the following

properties:

(i) M(K) with * is a complex associative algebra,;
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(ii) if z,y € K, then §, * 6, is a probability measure with compact support;

(iii) the mapping (x,y) — supp(dz*d,) from K x K into C(K) is continuous, where C(K)
is the set of all nonempty compact subsets of K equipped with Michael topology;

(iv) there exists a (necessarily unique) element e € K (called identity) such that for all
T € K, 0y %0c = 0 * 0 = 0y;

(v) for all x,y € K, e € supp(d * dy) if and only if z =y~
Then, K = (K, *, ", e) is called a locally compact hypergroup.

A nonzero nonnegative regular Borel measure m on K is called the (left) Haar measure
if for each z € K, é, *x m = m. For each z,y € K and measurable function f: K — C we

denote

flzxy):= / fd(6y *xdy),
K
while this integral exists.

Definition 3.8. Suppose that a := (an)nen, is @ sequence in a hypergroup K, and w is
a weight function on K. For each n € Ny we define the bounded linear operator A,; on
LP(K) by

A1 f(z) == w(ap * x)w(ay ) - w(ap * x) f(an+1 xx), f€ LP(K)
for all x € K. Also, we assume that A is the identity operator on LP(K).

Some linear dynamical properties of this sequence of operators were studied in [13].
The sequence {A, }, is a generalization of the usual powers of a single weighted translation
operator on LP(G), where G is a locally compact group. In fact, any locally compact group

G with the mapping

T /G/Gémy du(z)dv(y), p,v e M(G)

as convolution, and z +— z~! from G onto G as involution is a locally compact hypergroup.
Let 1 := (an)nen, be a sequence in G, and w be a weight on G. Then for each f € LP(G),
n € Ng and =z € G, we have

Ani1f(z) = wlagz)w(arz) - - - wlanz) f(ant12).

In particular, let a € G and for each n € Ny, put a, := a™". Then, A, =17, , for all
n € N. In this case, the operator Tg 5 is hypercyclic if and only if the sequence (Ay,)y is
hypercyclic.
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Let K be a discrete hypergroup with the convolution * between Radon measures of K
and the involution -~ : K — K. Then, by [12, Theorem 7.1A], the measure p on K given
by

1

(3.1) p({z}) = S w0 (e}’

re K

is a left Haar measure on K.

Proposition 3.9. Let K be a discrete hypergroup, pu be the Haar measure (3.1), and
p > 1. Then for each g € LP(K, u), the set

{f € IP(K ) = [ f1 = 1gl}
is not o-porous in LP(K, ).
Proof. Just note that for each z € K we have pu({z}) > 1 because
1= 6 x 8y (K) > 6056, ({e}).
Hence, the measure space (K, u) satisfies the condition of Corollary O

Let a := (ay)nen be a sequence in a discrete hypergroup K such that a,, # a,, for each
m # n, and let w: K — (0,00) be bounded. We define h,,,: K — C by

1

ha,w = % ’Uj(ao)w(al) . w(an)X{an+1}.
ne€Ng

Theorem 3.10. Let p > 1, and K be a discrete hypergroup endowed with the left Haar
measure (3.1). Let a := (an)nen, C K with distinct terms, and w be a weight on K such
that haw € LP(K). Then, the set of all non-hypercyclic vectors of the sequence (Ay)y is

not o-porous.

Proof. First, thanks to Proposition the set
1

w(ao)wlar) - w(ar)

E = {fELp(K):|f(an+1)|2 for alln}

is not o-porous because it equals to the set {f € LP(K) : |f| > hqw}. Now, for each
feE,

81 Fll = supw(ag = x)u(an x.2) - w(an * )| f(ans =)
> w(agyw(a) -~ w(an) [ f(ans1)| > 1

for all n € Nyp. This implies that 0 does not belong to the closure of {A,f : n € N} in
LP(K), and so E C [HC((Ay)n)]¢. This completes the proof. O
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Since any group is a hypergroup, we can give the fact below.
Corollary 3.11. Let p > 1, and G be a discrete group. Let a € G be of infinite order,
(Yn)neny € N be with distinct terms and w: G — (0,00) be a weight such that
1
w(a’YO)w(aﬂl) . w((I’Y”)

Then, the set of all non-hypercyclic vectors of the sequence (T p)n s not o-porous in
?(@G).

>n € P(Q).

Now, we can write the next corollary which is a generalization of [1, Theorem 1].

Corollary 3.12. Let p > 1, (Yn)n € N be strictly increasing and (wp)nez be a bounded

sequence in (0,00) such that

1
( ) ().
Wryg Wy Wy = * " Wry, /oy

Then, the set of all non-hypercyclic vectors of the sequence (Ty,)y is not o-porous, where

(Th410)k := WygWay Weyy = - Wy, gy, iy, k€ Np
for all a == (aj); € P(Z).

In sequel, we find some application for Theorem [2.8|regarding hypercyclicity of weighted

composition operators on LP(R, 7).

Theorem 3.13. Consider the weighted translation operator T, ,, on LP(R,T) given by
Towf =w:- (foa), where 0 < w, w™' € Cy(R) and a(t) =t + 1. For each n € N put
Ay = [n,n+1] = a™(]0,1]). Set

1
Vo = D o T (w o a @)
and assume that Yo, € LP(R, 7). Then, the set

{f e PR, 7) : 1T (Fllp = 1 for all n € N}

18 mot o-porous.

Proof. By Theorem the set

E:={f e L’R,7) : [[fxanllp = [|yawxa,llp for all n € N}

is not o-porous, because it equals to

{f € PR, 7) : | F xXpmmayllp 2 1Ya,wXmmeyllp for all m € Z},
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as Yo,wX[m,m+1] = 0 for all m € Z with m < 0. Now, note that for each f € E and n € N,
1T (I

:/ [H(woa"_k)(t)] \(foa")(t)lpdTZ/R[H(woofk)(t)] [F (@) dr

k=1

k=1
[H(woa’“)(t)] F(OF dr > inf [H@voa’“)(f)] 1Yowx a3
k=1 k=1

R
>

A, teEAn
= inf - woa F ' ! 7(An
tEA, b;[l( )(t)] infiea, [Tz (woa=®)(t)]” )

Assume now that there exists some | € Z such that

B ::inf{f[(woa_k)(t):te [l,l+1],n€N} >0

k=1

Put

for allmEZ}.
P

1
F .= {f € LP(R, 7) « [|f Xpmm+1)llp = Hﬁxwz“wqm,mﬂ}

So by Theorem [2.8 F' is not o-porous. For every f € F, we have

n n

n = woa"k o™ - oot ]
15 W (DI _/R [H( )(t)] [(foa™)(t)Pd /R Lﬂl( )(t)] ()P d
/[lz+1] [E[ woar ] |f@)[Pdr > 1.

Hence, the set
{f € DP(R,7) ¢ T2 (F)llp = 1 for all n € N}

is not o-porous.
Acknowledgments

The authors would like to thank the reviewer for useful comments and suggestions that

led to the improved version of the paper.

References

[1] F. Bayart, Porosity and hypercyclic operators, Proc. Amer. Math. Soc. 133 (2005),
no. 11, 3309-3316.



2]

[3]

[4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Dynamical Properties and Some Classes of Non-porous Subsets 327

F. Bayart and E. Matheron, Dynamics of Linear Operators, Cambridge Tracts in
Math. 179, Cambridge University Press, Cambridge, 2009.

C. L. Belna, M. J. Evans and P. D. Humke, Symmetric and ordinary differentiation,
Proc. Amer. Math. Soc. 72 (1978), no. 2, 261-267.

W. R. Bloom and H. Heyer, Harmonic Analysis of Probability Measures on Hyper-
groups, De Gruyter Stud. Math. 20, Walter de Gruyter, Berlin, 1995.

C. Chen and C.-H. Chu, Hypercyclic weighted translations on groups, Proc. Amer.
Math. Soc. 139 (2011), no. 8, 2839-2846.

C.-C. Chen, S. Oztop and S. M. Tabatabaie, Disjoint dynamics on weighted Orlicz
spaces, Complex Anal. Oper. Theory 14 (2020), no. 7, Paper No. 72, 18 pp.

C.-C. Chen and S. M. Tabatabaie, Chaotic operators on hypergroups, Oper. Matrices
12 (2018), no. 1, 143-156.

E. P. Dolzenko, Boundary properties of arbitrary functions, Izv. Akad. Nauk SSSR
Ser. Mat. 31 (1967), 3-14.

G. B. Folland, Real Analysis: Modern techniques and their applications, Second edi-
tion, John Wiley & Sons, New York, 1999.

K.-G. Grosse-Erdmann, Hypercyclic and chaotic weighted shifts, Studia Math. 139
(2000), no. 1, 47-68.

K.-G. Grosse-Erdmann and A. Peris Manguillot, Linear Chaos, Universitext,

Springer, London, 2011.

R. I. Jewett, Spaces with an abstract convolution of measures, Advances in Math. 18
(1975), no. 1, 1-101.

V. Kumar and S. M. Tabatabaie, Hypercyclic sequences of weighted translations on

hypergroups, Semigroup Forum 103 (2021), no. 3, 916-934.

D. Preiss and L. Zajicek, Fréchet differentiation of convex functions in a Banach
space with a separable dual, Proc. Amer. Math. Soc. 91 (1984), no. 2, 202-204.

H. N. Salas, Hypercyclic weighted shifts, Trans. Amer. Math. Soc. 347 (1995), no. 3,
993-1004.

Y. Sawano, S. M. Tabatabaie and F. Shahhoseini, Disjoint dynamics of weighted
translations on solid spaces, Topology Appl. 298 (2021), Paper No. 107709, 14 pp.



328 Stefan Ivkovié, Serap Oztop and Seyyed Mohammad Tabatabaie

[17] S. M. Tabatabaie and S. Ivkovi¢, Linear dynamics of discrete cosine functions on
solid Banach function spaces, Positivity 25 (2021), no. 4, 1437-1448.

[18] A. Villani, Another note on the inclusion LP(p) C L9(p), Amer. Math. Monthly 92
(1985), no. 7, 485-487.

[19] L. Zajicek, Porosity and o-porosity, Real Anal. Exchange 13 (1987), no. 2, 314-350.

[20] , Small non-o-porous sets in topologically complete metric spaces, Colloq.

Math. 77 (1998), no. 2, 293-304.

[21] , On o-porous sets in abstract spaces, Abstr. Appl. Anal. (2005), no. 5, 509

534.

Stefan Ivkovié¢
Mathematical Institute of the Serbian Academy of Sciences and Arts, p.p. 367, Kneza
Mihaila 36, 11000 Beograd, Serbia

E-mail address: stefan.iv10Qoutlook.com

Serap Oztop
Department of Mathematics, Faculty of Science, Istanbul University, Istanbul, Turkey

E-mail address: oztops@istanbul.edu.tr

Seyyed Mohammad Tabatabaie
Department of Mathematics, University of Qom, Qom, Iran

E-mail address: sm.tabatabaie@qom.ac.ir



	Introduction
	Non-sigma-porous subsets of Lebesgue spaces
	Applications

