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Abstract

In this article we develop a general technique which takes a known
characterization of a property for weighted backward shifts and lifts
it up to a characterization of that property for a large class of opera-
tors on LP(X). We call these operators “shift-like”. The properties of
interest include chaotic properties such as Li-Yorke chaos, hypercyclic-
ity, frequent hypercyclicity as well as properties related to hyperbolic
dynamics such as shadowing, expansivity and generalized hyperbol-
icity. Shift-like operators appear naturally as composition operators
on LP(X) when the underlying space is a dissipative measure system.
In the process of proving the main theorem, we provide some results
concerning when a property is shared by a linear dynamical system
and its factors.

1 Introduction

Weighted shifts is an important class of operators in linear dynamics. It is
a tool for constructing examples and counterexamples as well as inspiring
new conjectures. Many dynamical properties are studied and characterized
for weighted shifts before the general theory of the dynamical property in
question reveals itself.
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A systematic study of composition operators on LP(X) in the setting
of linear dynamics was initiated in [I, [7]. The motivation for the study of
composition operators is to have a concrete and large class of operators which
can be utilized as examples and counterexamples in linear dynamics. The
class of composition operators includes weighted shifts as a special case. It
also includes other large classes of operators, such as composition operators
induced by measures on odometers [10].

Let us briefly recall the composition operators on LP(X), for 1 < p < oo.
We start with a o-finite measure space (X, B, pt) and a bimeasurable invertible
map f : X — X such that the Radon-Nikodym derivative of po f with respect
to p is bounded below. Then, Ty : LP(X) — LP(X) defined by

Ti(p) =po f

is a well-defined bounded linear operator on LP(X') known as the composition
operator.

For a general (X, B, u, f,Tf) as above, Bayart, Pires and the second au-
thor [I] gave necessary and sufficient conditions on f that guarantee hyper-
cyclicity and mixing of Ty. Bernardes, Pires and the second author [7] gave
necessary and sufficient conditions on f that guarantee that 7' is Li-Yorke
chaotic. These are very general characterizations and, as a specific case,
when X = 7Z and f is the +1-map, they yield well-known characterizations
of hypercyclicity, mixing and Li-Yorke chaos for weighted backward shifts.

Unfortunately, the behaviors of frequent hypercyclicity and the shadowing
property in the setting of composition operators are complicated. This is
not unexpected as it took some time to complete the characterization of
frequent hypercyclicity even for weighted backward shifts. Using ideas of
Bayart and Ruzsa [3], the second author and Pires [13] gave a characterization
of frequently hypercyclic operators among composition operators on LP(X)
when the measure system is dissipative and of bounded distortion.

In a parallel development concerning the shadowing property, Bernardes
and Messaoudi [9] gave a characterization of the shadowing property for the
class of weighted backward shifts. The current authors of this article [12]
lifted their result to the setting of composition operators where the measure
system is dissipative and of bounded distortion.

Motivated by these results, we develop a general method which takes a
characterization of a linear dynamical property for weighted backward shifts
and translates it into the setting of composition operators on LP(X ) where the
underlying system (X, B, u, f) is a dissipative, measurable system of bounded
distortion.

Before stating the main result of the article, let us fix some notation and
terminology. Let (X, B, u) be a o-finite measure space and f : X — X be
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a bimeasurable invertible map such that the Radon-Nikodym derivatives of
po fand po f~1 with respect to p are bounded below. In particular, this
implies that the composition operators Ty and Ty-1 are well-defined, invert-
ible, bounded linear operators with TJZI = Tp-1. We say that (X, B, pu, f)
is a dissipative system generated by W it W € B, 0 < u(W) < oo and
X = U2 f¥(W), where the symbol U denotes pairwise disjoint union (we
are slightly deviating from the usual definition of dissipative system, i.e.,
u(W) < oo is usually not required). Moreover, if there exists K > 0 such

that
k k k

L V) _ pHB) ol O0) o)

K p(W) pu(B) p(W)
for all £ € Z and all measurable B C W with u(B) > 0, then we say
that (X, B, u, f) is a dissipative system of bounded distortion generated by
W. We will call (X, B, p, f,Tf) a dissipative composition dynamical system
of bounded distortion, generated by set W [12], Definition 2.6.3]. It is easy
to see a connection between such a system and weighted backward shifts.
Namely, if we let B,, be the bilateral weighted backward shift on ¢?(Z), with
the weight sequence

1
k-1 W P
wy, = (M) 7 (1)
u(fEW))
then B, is a linear factor of T in a natural way. More specifically, I" :

LP(X) — (P(Z), defined by
U
(o)) = ST [ oo i, )

shows that B, is a linear factor of Ty [12, Lemma 4.2.3], i.e., the following
diagram commutes:

We now state the main result of the paper.

Theorem M. The operator Ty has Property P, if and only if B,, has Prop-
erty P where Property P denotes one of: (1) Li-Yorke chaos; (2) hypercyclic-
ity; (3) mizing; (4) chaos; (5) frequent hypercyclicity; (6) expansivity; (7)
uniform expansivity; (8) the shadowing property.
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As the operator Ty of a dissipative composition dynamical system of
bounded distortion (X, B, y, f, Tf) behaves similarly to shifts, we call these
types of operators shift-like.

We refer the reader to [12] [I3] for basic definitions and a fuller discussion
of the relationship between weighted shifts, composition operators and the
role played by dissipativity and bounded distortion.

2 Preliminary Definitions

In this section we briefly recall basic definitions and terminology. Next to
the definitions, we provide references where one may find fuller and detailed
discussions concerning the treated concepts.

Let {w;}icz be a bounded sequence of positive numbers. A weighted
backward shift with weights {w;}cz is a bounded linear operator B,, : *(Z) —
(P(Z) defined by B,,(x)(i) = w;i+12i41. Moreover, if {w;};cz is bounded away
from zero, then B, is invertible.

Throughout the paper, we frequently use the composition operator rep-
resentation of the weighted backward shift B,. More specifically, we have
the following proposition.

Proposition 2.1. FEvery weighted backward shift B, is conjugate, by an
isometry, to the composition operator (Z,P(Z),v,g,T,), where

g(i) =1i+1,
1 :
. , 1>0
v(0) =1, v(i)=< (wi---w;)?P
(Wit1 - -wo)”, i <O.

Moreover, for every i € 7,

and when By, is given by (1), we have

p(f (W)
(W)

Proof. That T} is conjugate to B,, is witnessed by the isometry

v(i) =

x € I'(Z) = {zi(v(i)) 7 Yicz € P(Z)



Let T : X — X be a bounded linear operator acting on a separable
Banach space X.

Definition 2.2. The operator T : X — X 1is said to be

e [4] Theorem 5] Li-Yorke chaotic if T' admits an irregular vector, that is,
a vector x € X such that lim, , _ ||T™(z)|| = 0 and lim, ., ||7"(2)|| =
003

e hypercyclic if T admits a hypercyclic vector, i.e., if there exists x in
X such that {T™(z) : n € N} is dense in X. Moreover if the set of
periodic points of T is dense in X, then T is said to be chaotic;

e topologically mixing if for any pair of non-empty open subsets U, V of
X, there is ko € N such that T*(U) NV # 0, for all k > ko;

e frequently hypercyclic if T admits a frequently hypercyclic vector, i.e.,
a vector x € X such that for each non-empty open subset U of X,

lim i#{1§n§N:T"(x)€U}>O.
NE»m;pJ

The definition of Li-Yorke chaos stated above is equivalent to the standard
definition of Li-Yorke chaos ([4, [5]). We refer the reader to [2} [14] for further
information concerning the other definitions stated above.

Expansivity and the shadowing property play a fundamental role in hy-
perbolic dynamics. In the context of linear dynamics, they have alternate
formulations equivalent to the ones we use [6].

Definition 2.3. An invertible operator T : X — X
e is expansive if for each x with ||z|| = 1, there exists n € Z such that
[Tz = 2;
e s uniformly expansive if there exists n € N such that
2|zl =1=||T"z|| > 2 or | T "z|| > 2;
e has the shadowing property if there is a constant K > 0 such that, for

every bounded sequence {z,}nez in X, there is a sequence {y,}tnez in
X such that

sup ||ynl| < Ksup ||z.|| and  yni1 = Tyn + 2n, for alln € Z.
nez ne”Z
In the definitions of expansivity and uniform expansivity, the number 2

can be replaced by any number ¢ > 1. For further information on this topic,
we refer the reader to [6l, 8, @, [11].



3 Properties Preserved By Factors

In this section, we discuss and state some results when a linear dynamical
property is shared by factor maps. Throughout this section, let X and Y be
separable Banach spaces, S and T" be bounded, invertible, linear operators
on X and Y, respectively, and Il : X — Y be a factor map, i.e., a linear,
bounded, surjection for which the following diagram commutes:

X . x

o m

y L,y

Next, we state a result which shows when a property carries over to the
factor map. It is well-known and easy to show that if S is hypercyclic, mixing,
chaotic or frequently hypercyclic, then so is T' [14]. We show that if some
extra conditions hold on II, then many of the dynamical properties pass from
StoT.

In the sequel, given two sequences of positive reals, {ax }rez and {by }rez,
and a constant L > 1, by a, ~, by, we mean that, for every k € Z,

ap < Lb, & by < Lay.
Definition 3.1. We say that I1 admits a strong bounded selector f
L > 1 s.t., Yy € Y, 3z € TT 1 (y) with ||S™(2)|| ~1 |T™(y)]|.
We have the following result.
Lemma 3.2. For an arbitrary factor map 11,

(1) if S has the shadowing property, also T has the shadowing property.

If the factor map I1 admits a strong bounded selector, the following statements

hold:
(2) if S is expansive, then T is expansive;
(3) if S is uniformly expansive, then T is uniformly expansive;

Proof. (1). This was proved in [I2, Lemma 4.2.2] with the additional hy-
pothesis that I admits a bounded selector, i.e., there exists L > 0 such that
for all y € Y, there exists z € 17! (y) with ||z|| < L||ly||. We thank Nilson
Bernardes for pointing out that the Open Mapping Theorem implies that this
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is always the case. Indeed, let 6 > 0 be such that By (0,d) C II(Bx(0,1)).
Then, for any y € Y, we have that there is z € IT7*(y) with ||z|| < 3[|y]|.
(2). By hypothesis, there exists a constant L > 1 such that

vy €Y, 3z € I (y) with |S"(2)[| ~ IT" ()]l

Recall that, in general, an operator S is expansive if and only if sup,,.5 [|S™(2)|| =
oo, for every x € X \ {0} [0, Proposition 19]. As S is expansive and
1™ (@) ~2 IT™ ()], then sup,ez [T (y)]] Z?;(e T is expansive.

(3). Let K be a constant such that min{f, ﬁ} > 2. As S is uniformly

expansive, let m € N be such that, for each x € X with ||z|| = 1, we have
|S™(z)]| > K or ||[S™™(z)|| > K. Now, let y € Y with |ly|| = 1. Then, there
exists z € 17! (y) such that

15" (@) ~2 1T ()]I-

We distinguish two cases.
Case 1. ||z|| = 1. Then, for some j € {m, —m},

, 1 , K
i) > =157z > = > 2.
EROE EIOEE

Case 2. ||z]| # 1. As ”—:UHH = 1, then, for some j € {m, —m}, we have
x
. 1 . 1 . T
el @l = 1[5 ()|
L L [z
1
S

As II(x) = y, by the strong bounded selector condition, we have |z| >
7llyll = 1, implying

. 1.1 K
|7 ()| > EKEZ_>2'

O

Now, we prove that, in some cases, if a factor enjoys a property, then so
does its extension.

Lemma 3.3. Suppose that 11 admits a strong bounded selector. If T is Li-
Yorke chaotic, then S is Li-Yorke chaotic.
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Proof. By hypothesis, T' is Li-Yorke chaotic, that is, 7" admits an irregular
vector y € Y, meaning that there exists y € Y such that

lim |77 =0 & T ||T7] = +oc.
n—00 n—00
By hypothesis, there exists a constant L > 1 and there exists x € TI7!(y)

with [|S™(x)|| ~p [|T"(y)||. Clearly, x is an irregular vector for S, that is, S
is Li-Yorke chaotic. O

Next, we show that I', as defined in the introduction, satisfies the strong
bounded selector condition.

Lemma 3.4. The factor map I' : LP(X) — (P(Z) admits a strong bounded
selector.

Proof. By asmall modification of Lemma 4.2.3 of [12], we show that I' admits
a strong bounded selector.
Let x = {xy }rez € P(Z). We let ¢ be as in the proof of Lemma 4.2.3 of
[12], i.e.,
Y= Z Llek(W)-
wez 1(fF(W))?

It was shown there that I'(¢) = x. Hence, we only need to show that there
exists L > 1 such that ||T7(p)[[) ~z [[B,(x)[. In fact, we will show that

177 ()l = 1B G-

1
Recalling that wy, = (%) " we have

n P » fk %74
el kz s kel = 0 %

|xk+n|p'



Moreover,

172 ()2 = /X oo frdy

p

Unezf" (W) |1z, (fH(W))?

p

T n
=Y [ | o
fh(w) P

heZ rez L(fF(W))

p
Lh4n n
S [ | o
het /fh<W> p(frtn(W))»
|xh+n|p / n
=D o Xgrtn(w) © f"dp
,LEZZM(JCH"(W)) FR(W) S

_ |xh+n|p h
= 2 e )

= [1BL ()5

4 Proof for Li-Yorke Chaos

By Lemma [3.3] and Lemma [3.4] we have that if B,, is Li-Yorke chaotic, then
so is Ty. We will now show that the converse is also true. However, we prove
a lemma first.

Lemma 4.1. There exists L € R such that for alln € Z and ¢ € LP(X), we

have that
Po fdy ~ M( P )
/fk(w)m Pl LS /,WW)'“" y

Proof. As the system is of bounded distortion and it is generated by W, there
exists L € R, [12], Proposition 2.6.5], such that

Lp(/"W)) - p(f™(B)) - p(f"(W))
Lop(ffW)) = p(f1(B) = u(f1(W))’

for all I,m € Z, and all measurable B C W with u(B) > 0.

< (00)



Let ¢ € LP(X) and n,k € Z. Let us first prove the result for the
case | prin(y) = Zle aixa, with fF(W) = U§:1Az‘, and letting B; =
fFm(Ay). Observe that

[ derorrau= [ jepdus)
W) frEmw)
= Z |a;[Pp(f " (A:))

= Z |a;l” pu( k+n( By))
= Z |ailPu(f(B)))- (%)

Moreover,
t
lplPdp =) agPu(A

- > lauta)

t
= laslPp(f*(By)). (%)
i=1
Now, applying (09) to B; with m = k and [ = k + n, we have
(W
; Z\ P LS8 < Z i £4(B

< LZ\ rr ”)) (£ (B).

Putting the last inequality together with (x) and (xx), we obtain

< L% (/fm(w) lepdu) :

/f o [P o fhdu ~r, —u/:;ﬁ’(“%p)) ( /f . |90|de) :

We obtain the proof for an arbitrary ¢ by passing through the limit and
applying the Lebesgue dominated convergence theorem. O

ie.,
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Proof: Ty Li-Yorke chaotic = B,, Li-Yorke chaotic. By hypothesis T}
admits an irregular vector ¢ € LP(X), meaning that there exists ¢ € LP(X)
such that

lim ([Tfel, =0 & T |77, = +oc.

n—oo

We want to apply Corollary 1.5 in [7] to show that 7}, as defined in Propo-
sition 2.1} is Li-Yorke chaotic, or equivalently that B, is Li-Yorke chaotic.
Note that, using Lemma [Tl we have, for each n, k € Z,

172l = / oPo frdu > / oPo frdu
X fEw

1 M(f (W) ( /
z 7 lolPdp |
L p(fern (W) \J pesn oy
and, in particular, for k = —n,

ity 2 AL G ([ o).

)
Foll, = 0, then lim,, . pu(f~"(W)) = 0, and, hence,

lim (g~"(0)) = lim v(—n) = lim 2

As lim

lim, o [|T
= O’

that is, Condition (a) of Corollary 1.5 in [7] is satisfied, i.e. lim, , . v(n) =
0.
Now, we show that Condition (b) of Corollary 1.5 in [7] is satisfied, i.e.,

sup ﬂ,hez,neN = 00,
v(h+n)

p(f" (W)

or, equivalently, sup { heZ,ne N} = 0o. To obtain a contra-

(fPrm (W)’
diction, assume that % is bounded above by a constant H. Hence,
from Lemma [4.1] it follows
/ lplP o ffdu < LH |plPdp for every h € Z,n € N,
frw) fhtn(w)
implying

lplP o ffdu < LH/ |pPdp, for every n € N,
X X

contradicting the fact that ¢ is an irregular vector.
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5 Proof for Hypercyclicity and Mixing

If T is hypercyclic or mixing, then, using Propositions 1.13 and 1.40 of [14],
it follows that B,, is hypercyclic or mixing, respectively. To see the converse,
we need the following two conditions.

Proposition 5.1. The following statements hold.

(1) If, for each € > 0 and N € N, there exists k > 1 such that, for h €
{k,—k}, .
p(f(Qpien (W) <6,

then Tt s hypercyclic.

(2) 1If, for each € > 0 and N € N, there exists kg € N, such that, for each
k> ko and h € {k, —k},

u(f"(Uen /(W) <e,
then Tt 1s mizing.

Proof. We will use characterizations of hypercyclicity and mixing given in [,
Theorems 1.1 and 1.2].

(1). Let € > 0 and B € B, with 0 < u(B) < co. Let N € N be so large
that

u (B\( U (Bﬂfj(W)))> <e

j=—N

Define B = ULy (BN f/(W)). Then, u(B\ B') < e. By hypothesis, there
exists k > 1 such that, for h € {k, —k},

p(f (Upen FF(W))) < e.
Hence,
p(f"(B")) < p(f"(UL_NF(W)) <e.

We have just shown that, for all € > 0 and for all B € B with 0 < u(B) <
00, there exist B’ C B and k > 1 such that

W(B\B) < e, p(f H(B)) <eand u(f(B)) <e.

Now, it follows from Theorem 1.1 in [I] that T is hypercyclic.
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(2). Let e, B, N, and B’ be as in part (1). Let kg be the integer guaranteed
by the hypothesis. Letting, for every k > ko, B, = B’, we have, for all
h e {k,—k},

W(B\ By) < e and p(f"(By)) <e.

Now, by Theorem 1.2 of [I], we have that T is mixing.
U

Proof: B, hypercyclic = T} is hypercyclic. The operator T, is hy-
percyclic by Proposition 2.JI We will show that hypothesis (1) of Propo-
sition .1l is satisfied by Ty, so that it is hypercyclic. To this end, let

e >0 and N € N. Applying Theorem 1.1 of [I] to B = Uj-vszgj(O) and
€ = min_y<j<n %{ﬁ,u(gj(O))}, we have that there exist B’ C B and
o K

k > 1 such that, for h € {k, —k},
v(B\ B') <€ v(¢"(B)) <&

By our choice of €, we have that B’ = B = Uj-V:,Ngj(O). In particular, we
have, for h € {k, -k},

v(g"(UL_ng’(0))) = jZ_N v(g"(0) < €< M(;V)- ()
Substituting
(g (0) = vln) = ML)
in (©), we obtain
i SS aY))  p(MU NP OV) e
jz_:Nl/(g (0) = ZN W) () < )

i.e.,

p(f" ULy (W) <e.
By Proposition B.1F(1), T is hypercyclic.
Proof: B,, mizing = Ty is mizing. We will show that hypothesis of (2)

of Proposition 5.1l is satisfied, so that 7 is mixing. We proceed as in the
proof of hypercyclicity. Let € > 0 and N € N. Let B and € as in the proof of
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hypercyclicity. As B,, is mixing, applying Theorem 1.2 of [1] to B and €, there
exist kg > 1 and a sequence { By} such that, for each k > ko, h € {—k, k},

v(B\ By) <€, V(gh(Bk)) < €.

Then, by the choice of €, it must be B, = B for each k > kj. Hence, for each
k > ko and h € {k, —k}, we have

v(g"(UL g’ (0))) = Z v(g"t7(0)) < €<

Hence, (V) is satisfied for each k > ky. Now, proceeding as in the proof
of hypercyclicity, we have that the hypothesis of (2) of Proposition B.1] is
satisfied.

6 Proof for Chaos and Frequent Hypercyclic-
ity

It follows from Theorem 3.7 [13] that T} is chaotic if and only if T} is fre-
quently hypercyclic. Hence, it suffices to show the result for frequently hy-
percyclic operators.

If Ty is frequently hypercyclic, then that B, is frequently hypercyclic
follows from the fact that frequent hypercyclicity is preserved by factor maps
[14, Proposition 9.4]. To see the converse, assume that B,, equivalently
Ty, is frequently hypercyclic. Note that v is atomic and ¢ is ergodic on Z.

X
Applying Corollary 3.9 of [13], we have v(Z) < oco. However, v(Z) = %,
1
implying p(X) < oo. Now, applying Theorem 3.3 of [13], we have that T is

frequently hypercyclic, completing the proof.

7 Proof for Expansivity and Uniform Expan-
sivity

By Lemma and Lemma [3.4] it follows that if T} is expansive or uniform

expansive, then so is B,,. Now we will prove the converse.

Proof: B,, expansive = T} expansive. Assume that B, equivalently T},
is expansive, i.e. sup,ez [|T,¢l, = oo, [6, Proposition 19] for each ¢ €
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L?(Z) \ {0}. Hence, taking ¢ = x40y, it follows that

00 = sup || Tp|[? = sup / Xy og'dy = supr(g(0))
nez nez Jz

= supv(—n) =su 7/1(]”_"(1/{/))
B nelz (=n) neIZ? p(Ww) 7

ie., sup,ez (f™(W)) = oo. This will imply that T is expansive. In fact,
using Lemma [ with £ = —n, for each ¢ € LP(X) \ {0}, we have

177l = / oo frdu > / oo frdu
X n(w
Lu(f"(W))
> Pd
Z T W (/ o] M)

A v ) = o,

Now,
sup || 77|l =
nez
i.e., Ty is expansive.
Proof: B, uniform expansive = Ty uniform expansive. We use the def-
inition of uniform expansivity. Let L be as in the statement of Lemma 411

Note that L > 1. By the definition of uniform expansivity, there exits n € N
such that for all ¢ € P(Z) with ||¢||, = 1, one of the following holds:

[Tgelly = 4L or [Tl = 4L.

, we obtain

Taking ¢ =

'U\'—‘

(2)

o Vg0 e g
1Tl == & Il =—g

v(g*(i) _ p(fM (W)
(4) p(f1(W))

u(frH ) W)
wr) =t W)

Let N, be the set of i € Z such that the first holds and N_ be the set of
t € Z where the second holds. Clearly, Z = N, UN_.
Let ¢ € LP(X) with |¢]|, = 1. It will suffice to show that either

Recalling that

, we have that, for each i € Z, either

<

IT7elly >2 or [T el > 2.
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As [|¢||, = 1, then either

3 / Pdp>1/2 or 3 / [ ez 12

1€ENL 1eN_

Without loss of generality, assume that the first holds. Now, using Lemma
4.1l we have

el [levoranz 30 [ el

Z€N+
7 f Y
> Y M ([ teran)
ZEN fZ(W)
> 4Ly ( / Tt )
Z€N+ fZ(W
> 2.

8 Proof for the Shadowing Property

By Corollary SC of [12], we have that T has the shadowing property if and
only if one of Conditions HC, HD or GH in it is satisfied.

By Theorem 18 of [9], we have that B, has the shadowing property if
and only if one of Conditions (A), (B) or (C) in it is satisfied.

As )
_ <M(f“(W))) ’
Wy, = k )
p(fEW))
we have that Condition HC is equivalent to Condition (A), HD is equivalent

to Condition (B) and GH is equivalent to Condition (C), implying that T}
has the shadowing property if and only if B,, does.

Acknowledgment

We would like to thank Nilson Bernardes for his valuable comments which
improved the article.

This research has been partially supported by the INAAM group GNAMPA
“Gruppo Nazionale per I’Analisi Matematica, la Probabilita e le loro Ap-
plicazioni”, and the project Vain-Hopes within the program VALERE; and
partially accomplished within the UMI group TAA “Approximation Theory
and Applications”.

16



References

1]

[7]

8]

[9]

[10]

[11]

F. Bavarr, U. B. DARJI, AND B. PIRES, Topological transitivity
and mizing of composition operators, J. Math. Anal. Appl., 465 (2018),
pp- 125-139.

F. BAYART AND E. MATHERON, Dynamics of linear operators, vol. 179
of Cambridge Tracts in Mathematics, Cambridge University Press, Cam-
bridge, 2009.

F. BAYART AND 1. Z. RUSZA, Difference sets and frequently hypercyclic
weighted shifts, Ergodic Theory Dynam. Systems, 35 (2015), pp. 691
709.

T. BERMUDEZ, A. BONILLA, F. MARTINEZ-GIMENEZ, AND A. PERIS,
Li-Yorke and distributionally chaotic operators, J. Math. Anal. Appl.,
373 (2011), pp. 83-93.

N. C. BERNARDES, JR., A. BoNILLA, V. MULLER, AND A. PERIS,

Li-Yorke chaos in linear dynamics, Ergodic Theory Dynam. Systems,
35 (2015), pp. 1723-1745.

N. C. BERNARDES, JR., P. R. CiriLO, U. B. DARJI, A. MESSAOUDI,

AND E. R. PuJALS, Ezpansiwity and shadowing in linear dynamics, J.
Math. Anal. Appl., 461 (2018), pp. 796-816.

N. C. BERNARDES, Jr., U. B. DARJI, AND B. PIRES, Li- Yorke chaos
for composition operators on LP-spaces, Monatsh. Math., 191 (2020),
pp- 13-35.

N. C. BERNARDES, JR. AND A. MESSAOUDI, A generalized Grobman-
Hartman theorem, Proc. Amer. Math. Soc., 148 (2020), pp. 4351-4360.

——, Shadowing and structural stability for operators, Frgodic Theory
Dynam. Systems, 41 (2021), pp. 961-980.

D. BoNGIORNO, E. D’ANIELLO, U. B. DARJI, AND L. D1 P1AzzA,
Linear dynamics induced by odometers, Proc. Amer. Math. Soc., 150
(2022), pp. 2823-2837.

P. CiriLo, B. GoLLOBIT, AND E. PUJALS, Dynamics of generalized
hyperbolic linear operators, Adv. Math., 387, Article ID: 107830 (2021),
pp- 1-37.

17



[12] E. D’ANIELLO, U. B. DARJI, AND M. MAIURIELLO, Generalized hy-
perbolicity and shadowing in LP spaces, J. Differential Equations, 298
(2021), pp. 68-94.

[13] U. B. DARJI AND B. PIRES, Chaos and frequent hypercyclicity for
composition operators, Proc. Edinburgh Math. Soc., (2021), p. 1-19.

[14] K.-G. GROSSE-ERDMANN AND A. PERIS MANGUILLOT, Linear chaos,
Universitext, Springer, London, 2011.

E. D’Aniello,
DIPARTIMENTO DI MATEMATICA E FISICA,
UNIVERSITA DEGLI STUDI DELLA CAMPANIA “LUIGI VANVITELLI”,
VIALE LINCOLN N. 5, 81100 CASERTA, ITALTA
FE-mail address: emma.daniello@unicampania.it

U.B. Darji,
DEPARTMENT OF MATHEMATICS,
UNIVERSITY OF LOUISVILLE,
LouisviLLE, KY 40292, USA
E-mail address: ubdarj01@louisville.edu

M. Maiuriello,
DIPARTIMENTO DI MATEMATICA E FISICA,
UNIVERSITA DEGLI STUDI DELLA CAMPANIA “LUIGI VANVITELLI”,
VIALE LINCOLN N. 5, 81100 CASERTA, ITALTA
FE-mail address: martina.maiurielloQunicampania.it

18



	1 Introduction
	2 Preliminary Definitions
	3 Properties Preserved By Factors
	4 Proof for Li-Yorke Chaos
	5 Proof for Hypercyclicity and Mixing
	6 Proof for Chaos and Frequent Hypercyclicity
	7 Proof for Expansivity and Uniform Expansivity
	8 Proof for the Shadowing Property

