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Abstract: We define and study topological pressure for the non-autonomous
discrete dynamical systems given by a sequence { f;}32, of continuous self-maps
of a compact metric space. In this paper, we obtain the basic properties and
the invariant with respect to equiconjugacy of topological pressure for the non-
autonomous discrete dynamical systems.
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1 Introduction

Entropies are fundamental to our current understanding of dynamical systems. The
notion of topological entropy was introduced by Adler, Konheim and Mcandrew as an
invariant of topological conjugacy. Topological entropy provides a numerical measure for
the complexity of an endomorphism of a compact topological space [1]. Later Bowen and
Dinaburg gave a new, but equivalent, definition in the case when the space under con-
sideration is metrizable [2]. S. Kolyada and L. Snoha studied topological entropy for the
non-autonomous discrete dynamical systems given by a sequence {f;}$2; of continuous
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self-maps of a compact topological space [3]. Topological pressure is a generalization to
topological entropy for a dynamical system [4].

Our purpose is to introduce and study the notion of topological pressure for the
non-autonomous discrete dynamical systems given by a sequence {f;}$2; of continuous
self-maps of a compact topological space.

First, some notation and definitions are established.

Throughout the paper, (X, d) will be a compact metric space and C(X, X) be the set
of continuous maps from (X, d) into itself, C'(X, R) be the functional space containing
all continuous, real-valued functions on X.

Let f1,00 = {fi}$2; be a sequence of continuous maps from X to X. The identity
map on X will be denoted by idx or shortly by id. Let N, R, Z be the set of all positive
integers, real and integers, respectively. For any i € N let f0 = fi_o = idx and for any
i,n € N set fI' = fip(n1)0 - figr0f; (first apply fi) and f;" = f; 'o fi o+ fij,»l(nfl)
(the last notations will be applied to sets, we do not assume that the maps f; are
invertible). Finally, denote by f', the sequence of maps {f}} ,}2, and by f; ! the
sequence {f;1 X0

Now we are going to describe the main results of the paper and how it is organized.
For the precise statements of the results and for the definitions used see corresponding
sections.

Let f1,00 € C(X,X) and ¢ € C(X, R). In this paper we will define and study the
topological pressure P(f1 0, ) of non-autonomous discrete dynamical systems given by
a sequence { f;}32, with respect to ¢.

In Section 1, we give the basic definition of topological pressure for the non-
autonomous discrete dynamical systems given by a sequence {f;}$2; of continuous self-
maps of a compact metric space. In Section 2, we study the basic properties of topological
pressure for the non-autonomous discrete dynamical systems.

2 Topological Pressure of a Sequence of Maps on a Compact Metric Space

We are going to define the topological pressure of a non-autonomous dynamical system
(X;{f:}52,) analogously to the topological pressure of a autonomous dynamical system
(X5 f) ([4]). Of course, for f; =2=--- = f we get the classical definition.

For each n > 1 there is a positive integer. Define the metric in X by dn(z,y) =
maxo<;<n—1d(f{(z), f{(y)). A subset E of the space X is called (n,e)-separated if for
any two distinct points z,y € E, d,(z,y) > . Let C(X, R) be the space of real-valued

n—1

continuous functions of X. For p € C(X,R) and n € N we denote Y. o(fi(x)) by
i=0

(Snp)(x). Fore >0, z € X, we put

P, (f1,00,0,€) 1= sup{ Z eS5n9)@) | Bis a (n,e) separated set for X}.
z€eE

Then we put
: 1
P(fl,oou 3078) = hmsup E logpn(fl,ooa @, E)

n—oo

and we define the topological pressure of f; o, with respect to ¢ as

P(f1.00:%) = lim P(f1.00: 6.
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It is clear that P(f1,00,0) = A(f1,00)-
A set FF C X (n,e) — spans another set K C X provided that for each x € K there
is y € F for which d,,(z,y) <e. Fore > 0,z € X, we put

Qn(f1,00,p,€) 1= inf{z eS5n9)@) | B is a ( n,e) spanning set for X }.
z€E

Remark 2.1 Q,(f1,00,9:€) < Po(f1,00, 95 €)-

Proof 1t follows from the fact that e(>»#)(*) > 0 and a (n, ¢) separated set which
cannot be enlarge to a (n,e) separated set must be a (n, ) spanning set of X. O

Remark 2.2 If 0 > 0 is such that d(x,y) < § implies that | p(x) — ¢(y) |< J then
Pn(flyooa ®, E) S enéQn(fLMM 2 6)'

Proof Let E be a (n,e) separated set and F is a (n, £) spanning set. Define
¢ : E — F by choosing, for each x € E, some point ¢(x) € F with d,(z,¢(z)) < 5.
Then ¢ is injective and

Y5O > §T )W) > (mig e(Snww(w))—(snsa)(w)) Y el
yeF yES(E) e

[S][)

zeE

> e—n5 Z e(Sncp)(w)'
EASIO)

Therefore Qp(f1,00,9,€) < e’”‘sPn(fl,OO,cp,s). O

Remark 2.3 By (1) and (2), if we put

. 1
P(f1.00,9:€) i= limsup —10g Qu (f1.001 ¢,)

n—oo

we will have

P(f1,007 (P) = gLHéQ(fl,w7 2 5)'
Let a be an open cover of X. For x € X, we put
n—1 )
Gn(f1,00: Py ) == inf{ Z inf e(9¥)(@) | 3 is a finite subcover of \/ flza}
BEBIEB o
and put
n—1 )
P (f1,00, 5 @) 1= inf{ Z sup (@) | 3 is a finite subcover of \/ flza}.
Bep*eB i=0

Clearly ¢ (f1,00, ¥ @) < Dn(f1,00, ¢, ). In addition similar to the case of the autonomous
systems we have the following Proposition.

Proposition 2.1 Let f1. € C(X,X) and ¢ € C(X, R).

(1) If a is an open cover of X with Lebesgue 6 then ¢n(f1,00, ¢, @) < Qn(f1,00,¥,€)-
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(2) If e > 0 and v is an open cover with diam(y) < e then P,(f1,00,%,6) <
P f1,00: 05 7)-

(3) If v is an open cover of X, then

1
lim — logpn(fi1,00, , )
n—oo M
ezists and equals to inf,, % log pn(f1,00, P, @)

(4) If «,v are open covers of X and o < v (i.e. for each C € v, there is an A € «
such that C' C A)7 then Qn(fl,om 2 a) < Qn(fl,oou 907'7)'

(5) If d(z,y) < diam(a) implies | f(z) — f(y) [< 0 then pu(ficorpra) <
enéQn(fl,ooacpu/Y)'
(6) P(f1,00:9) = klingo[nli};o%bgpn(fl,oo,%ak)] = klim [lim sup < 10g g (1,00, 9, k)]

—X n—oo

if ay is a sequence of open covers with diam(ay) — 0.
(7) P(fi00,9) = linn i inf L 10g Po(f1,00, ).
E— n—oo
(8) Plfi000 ) = li liminf 2108 Qu(f1,00: ).
E— n—oo

The proof of Proposition 2.1 is similar to the case of the autonomous systems (for
detailed proof see [4]), we omitted it.

3 Properties of Pressure of a Sequence of Maps on a Compact Metric Space

We now study the properties of P(f1,0°): C(X,X) — RUoco. In particular we see that
either P(f1 o0+) never takes the value oo or is identical to co.

Theorem 3.1 Let fi oo : X — X be a continuous maps of a compact met-
ric space X and ¢ € C(X,R),e > 0. Then P(ff ,S¢) < kP(fi00.) (here

(Sre)(z) = k;: o(fi(x))) for any k > 1.

Proof 1If F is (nk,e) spanning for fi o then F' is (n,e) spanning for ffm. Here
Qn(fF o Skp,€) < Qui(f1.00, 95€) 80 that P(fF o, Skp) < kP(f1,00, ). O

Remark 3.1 In general we cannot claim that P(ffoo,Skgo) = kP(f1,00, ) for any
k>1.

Example 3.1 Indeed, on X = I = [0, 1] take the standard tent map g(z) = 1— |22 —
1], ¢ =0 and
1. 1. n 1.
1,00 = {g, §zd51,92,11d51,...,g ,2—nzd51,...}.
Since fi"™' = g" for every n, we have s(fi.o0,2n,e) = s(g,n,e) and there-
fore P(fi,00,¢) = h(fieo) > 3h(g) = 3log2. On the other hand, fZ., =

{fE.f3,-++, f3._1, -}, where for any n € N and for any « € I, f3,_,(z) < 3. There-
fore limsup L log s(f# ., n,€) = 0 for every € > 0 and so P(f} ., S2¢) = h(f}..) = 0.

n—oo

Thus h(flz,oo) < Zh(flyoo)a Le. P(flz,oov‘g?(ﬁ) < 2P(f17007¢)
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So if we wish to have the equality instead of the inequality in Theorem 3.1, we need
additional assumptions. We present here one result of this kind, we restrict ourselves to
compact metric spaces and sequences of equicontinuous maps.

Theorem 3.2 Let fio: X — X be a sequence of equicontinuous self-maps of the

k-1
compact metric space X. P(ffoo,Skcp) = kP(f1,00,¢) (here (Skp)(z) = Y o(fi(z)))
i=0
for any k> 1.

Proof For k =1 this is trivial. Take any k£ > 2. In view of Theorem 3.1 it suffices
to prove that P(ff ., Sk¢) > kP(f1,00,¢). To this end, for every e > 0 take d(g) > ¢ such
that 6(e) — 0if e — 0 and d(f™(x), f™(y)) < é(¢) whenever i > 1,m € {1,2,--- , k—1}
and d(z,y) < e. Take any positive integer n, then any (nk,d(e))-separated set for fi o
is (n,e)-separated set for f, and so Py(ff ., Sk®,0(¢)) > Pur(f1,00.¢,€). Therefore
P(f]ﬁoov Sk%") > kp(fl,oov(p) ]

In the sequel, let us consider the following situation: (X,d) and (Y, p) are compact
metric spaces, fi,co iS a sequence of continuous maps from X into itself and g1  is a
sequence of continuous maps from Y into itself.

Kolyada and Snoha proved the topological entropy of sequence of continuous maps
is invariant with equiconjugacy [3]. Now we mainly show the topological pressure of
sequence of continuous maps is invariant with equiconjugacy.

Suppose that 7  is a sequence of continuous maps from X into Y such that m; 41 o
fi = giom; for every i > 1. There are two special cases when we can compare the pressure
of fi,00 and g1 . They are the following.

(i) When 7 o is a sequence of equicontinuous surjective (i.e., onto) maps from X
onto Y. In this case we say that 7 o, topologically equisemiconjuates fi o, with g1 o0,
T1,0015 a topological equisemiconjugacy between fi o, and gi . and the dynamical sys-
tems (X, f1,00) is topologically equisemiconjugate with (Y, g1,00). The system (Y, ¢1,00)
is an equifactor of (X, fi,00)-

(79) When 71 o is an equicontinuous sequence of homeomorphisms such that the
sequence io = {m; ! 22, of inverse homeomorphisms is also equicontinuous. In this
case we say that m o topologically equiconjugates fi o With g1 o0, 1,00 is & topological
equiconjugacy between fi o and g1 ., and the dynamical systems (X, f1,00) is topologi-
cally equiconjugate with (Y, g1,00)-

Theorem 3.3 Let (X,d) and (Y, p) be compact metric spaces, f1,00 be a sequence
of continuous maps from X into itself and g1 - be a sequence of continuous maps from
Y into dtself. If the system (X, f1.00) is topologically equisemiconjugate with (Y, g1,00)
(denote the equisemiconjugacy by T 00 ) then

P(gl,oou 90) S P(fl,oo7 po 7T1,oo)7
for any ¢ € C(Y, R).
Proof Since 1  is a sequence of equicontinuous maps from X to Y, givene > 0
there exists € > d(g) > 0 such that if p(m;(z), m;(y)) > e for some i > 1, then d(z,y) >

5(¢). Let F C Y be a (n,¢, g1.00, p)-separated set, then w; ' (F) is an (n,5(¢), fi.00,d)-
separated set. Thus

Zega(m)ﬂ:(gl(m>)+---+w(g?’1<w)>: Z e? (M) +e(m fr W)+ +e(m i ()

zER yery ' (F)
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Therefore P(g1,00,9:€) < P(f1,00, 9 © T1,00,0(£)). It follows that

P(gl,oousp) S P(fl,ooa(poﬂ—l,oo)-

Corollary 3.1 Let (X,d) and (Y, p) be compact metric spaces, f1,0 be a sequence of
continuous maps from X into itself and g1, s a sequence of continuous maps from'Y
into dtself. If the system (X, f1.00) is topologically equiconjugate with (Y, g1,00) then

P(gl,oousp) = P(fl,ooa(poﬂ—l,oo)-

Proof Denote the conjugacy by 71 0o. We have P(g1,00,¢) < P(f1,00,% 0 T1,00)
since 71, I8 a semiequiconjugacy between f1,00 and g1,00 and P(g1,00,¢) > P(f1,00, 0 ©
T1,00) Since 7T1_<];o is a semiequiconjugacy between g oo and fi . O
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