ERGODIC OPTIMIZATION FOR RENEWAL TYPE SHIFTS

GODOFREDO IOMMI

ABSTRACT. We consider a class of countable Markov shifts R and a locally
Holder potential ¢. We prove that the existence of ¢—optimal measures is
closely related to the behaviour of the pressure function ¢ — P(t¢). Using
a Theorem by Sarig it is possible to prove that there exists a critical value
te € (0, 00] such that for ¢ < t. the pressure is analytic and for ¢ > t. is linear.
We prove that if ¢. is finite then there are no ¢—optimal measures and if it is
infinite then ¢—optimal measures do exist.

1. INTRODUCTION

We consider a special class of countable Markov shifts R (for the definition see
Section 2) that includes the symbolic models for certain tower extensions [8] and
the symbolic model for expanding interval maps with a parabolic fixed point [6].
For (¥, 0) € R we study the following ergodic optimization problem. Let ¢ : ¥ — R
be a regular potential (see Section 2 for precise statements), denote by M the set
of shift invariant probability measures. Let

a(g) == sup{/(bd,u D E ./\/l}

A measure m € M is called ¢p—optimal if [ ¢dm = a(¢p). When considering Markov
shifts defined on finite alphabets the compactness of the space ensures the existence
of ¢p—optimal measures. This is not the case when considering countable Markov
shifts. Jenkinson, Mauldin and Urbanski [3, 4] have proved that for a certain class
of countable Markov shifts, where the thermodynamic formalism is similar to the
one observed in finite state Markov shifts, there is always an optimal measure.
The class R has no intersection with the class considered by them. We have at
our disposal the thermodynamic formalism developed by Sarig [5]. For a regular
potential ¢ defined on a Markov shift belonging to the class R, it is possible to
show using results from [6] that there exists a critical value t. € (0, 00] such that
the pressure function P(t¢) is real analytic on (0,t.) and linear on (¢.,00). In this
note we tie together results from Jenkinson-Mauldin-Urbanski [3] and Sarig [6] to
prove the following

Theorem 1.1. Let (X,0) € R and ¢ : X — R a locally Hélder potential such that
sup ¢ < oo, then

(1) Ift. = oo then there exist ¢p— optimal measures.
(2) Ift. < oo then there are no ¢p—optimal measures and a(¢) = M, where M
is the slope of the linear part of the pressure function P(t¢).
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If t. = oo some of the ¢p—optimal measures can be described as a limit of equi-
librium sates.

2. PRELIMINARIES

Denote by N the set of positive integers and let T' = (t;;)nxy be a matrix of
zeroes and ones. Let Yp = {x € NWOF . ¢ = 1for every i > 0} be the
corresponding Markov shift, equipped with the topology generated by the base of
cylinder sets Ciyiy..ip, , :={x € p : x; = 4; for 0 < j < n —1}. The function
o : Xp — X defined by (ox); = ;41 is called the shift map. An admissible word is
an element a € N such that C, # (). Throughout this note we will always assume
a Markov shift (X1, 0) to be topologically mixing. Denote by R (from renewal) the
class of topologically mixing countable Markov shifts (X7, ) such that for each n
there exists at most one admissible word ag . .. a,—1 of length n such that ¢,, ;1 =1
and a; = 1 if and only if i = 0 (we assume that 1 is the renewal vertex).

Example 2.1. Let (d;);>1 be an increasing sequence of positive integers. Consider
the transition matriz T = (t;;)nxn with entries t11,t41,4, 1.4, equal to one and the
rest of the entries equal to zero. The Markov shifts (X1, 0) belong to the class R.

We will make use of the thermodynamic formalism developed by Sarig [5]. Let
¢ : X — R be a real function. The variations of ¢ are defined by

Vi(9) := sup{[¢(x) — (y)| : z,y € By wi = 43, 0 < i < — 1}

We say that ¢ is locally Hélder continuous (with parameter 6) if there exists B > 0
and 6 € (0,1) such that for all n > 1, V,,(¢) < B™. Let ¢ : ¥ — R be a locally
Holder potential. The Gurevich Pressure of ¢ is defined by

n—1
P(¢)= lim o5 37 ep( olo'a)) e, (o)

where 1¢; () is the indicator function of the cylinder C;. It can be shown that the
limit exists and is independent of the choice of ig. The first return time map to
C; is defined by @;(x) := 1¢,(x)inf{n > 1: 0"z € C;}. Let [p1 =n] :={x € ¥
o1(x) = n}.

For Markov shifts belonging to R the behaviour of the pressure function, ¢ —
P(t¢), can be described.

Theorem 2.1 (Sarig). Let ¥ € R and ¢ : £ — R a locally Hélder potential such
that sup ¢ < co. There exists a constant t. € (0,00] such that,

(1) For 0 < t < t. there exists an equilibrium probability measure s corre-
sponding to t¢. For t > t. there is no conformal conservative measure
corresponding to to.

(2) P(to) is real analytic on (0,t.) and linear on (t.,00). Att. it is continuous
but not analytic.

Sarig proved the above theorem for the renewal shift [6, Theorem 5]. His proof
relies on the Discriminant theorem [6] and on the identity p§[t¢] = tpg[¢] for all ¢,

where
n—1

pol@] := —limsup % log Z exp(z ¢(aix))1[¢,1:n] (x).

n— 00 .
onhx=x =0
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This identity is also valid for Markov shifts belonging to class R, therefore the
result also holds for this class.

Let ¥ € R, the induced system on the symbol 1 will be denoted by (X;,7). It is
defined as the full-shift on the new alphabet, {Cz : a; = 1 iff i = 0,Cq # (0}. For
every locally Holder potential ¢ : ¥ — R set

where 7 : 3; — C4 is defined by 7(Cy,,Cy,,...) = (ag,ay,...). The pair (5;,¢)
is called the induced system and ¢ is called the induced potential. Note that if

the potential ¢ is locally Holder then ¢ is locally Holder. Since the system is
topologically mixing our results do not depend on the symbol we do induce.

3. PROOF OF THEOREM 1.1

3.1. Proof of statement (1). This result follows from a tightness argument from
Jenkinson et al [3, Lemma 2], when applied to the induced system.

Assume that t. = co. In virtue of Theorem 2.1 and of [1, Theorem 1.1], for every
t > 0 there exists a unique equilibrium (probability) measure p; corresponding to
t$ and the pressure function is analytic. Denote by t¢ the induced potential and by
7iz the unique corresponding Gibbs measure (such a measure exists by [7, Theorem
1]). Note that [z is the restriction of u; to Cy,

— 1
1 / vdiy = ——— [ dyy.
W PTG Je, "
Lemma 3.1 (Jenkinson-Mauldin-Urbaniski (see Lemma 2 in [3])). The sequence of
Gibbs measures {fiz} is tight.

Since the system X is topologically mixing and because of the relation (1) the
above Lemma implies that the sequence {u;} is tight. Therefore, the sequence has
a weak™ accumulation point. The following result appears in [2, Lemma 2] in the
context of Markov shifts defined on finite alphabets. Since the pressure function is
analytic the same proof holds in this case.

Lemma 3.2 (Jenkinson). Any weak* accumulation point v of {u} is a ¢—optimal
measure.

3.2. Proof of statement (2). This result is a slight generalisation of a result by
Sarig [6, Theorem 5].

Assume that t. < co. In virtue of Theorem 2.1 and of [6, Theorem 2] we have
that for ¢ > ¢, the pressure function is linear, P(t¢) = tM , where M = —p{[4].

Lemma 3.3.

sup{/d)d,u:ﬂGM}ZM.

Proof. Let pp € M. For t > t. we have, tM = P(t¢) > h, +t [ ¢du > t [ ¢du.
Therefore M > f ¢dp. In order to prove the other inequality, note that for renewal
type graphs there is at the most one cylinder of length n on the induced system.
So we have that either

{z €lpr=n]:0"z=2a}={z"},
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where x™ is the periodic point of prime period n such that the first coordinate is
equal to one, or

{r €p1=n]:0"c=a}=0.
Let 9, := %ZZ;(% dykgn be the measure supported on the periodic orbit (&g yn
denotes the atomic measure supported on the point ¢¥z™). Passing to a subsequence
we have that,

M=—p6[¢]=nh_{rolog10g > expl Z¢aw Lpy=n) (@) =
ohr=x

= lim flog Z exp(n /¢d5 1[@1 ( )=

n—oo n
ohx=x

= lim flogexp /d)dé = lim [ ¢df,.

n— oo

Therefore, sup { [ ¢déy, :n € N} =M. O

Recall that for ¢ > t. the potential t¢ has no equilibrium probability measures.
In particular, this implies that there are no ¢—optimal measures.

Lemma 3.4. If the critical value t. of the pressure function t — P(t@) is finite,
then there are no ¢—optimal measures.

Proof. Assume by way of contradiction that there exists a ¢—optimal measure p.
That is [ ¢dp = M. Thus, for ¢ > t.

P(tg) = tM > hy, +1 / bdp.

In particular we have that h, = 0 and that for every ¢t > t. the measure y is an
equilibrium measure for t¢. This contradiction proves the statement. ([

REFERENCES

[1] J. Buzzi and O. Sarig (2003) Uniqueness of equilibrium measures for countable Markov shifts
and multi-dimensional piecewise expanding maps. Ergodic Theory & Dynam. Systems 23,
no.5, 1383-1400.

[2] O. Jenkinson (2001) Geometric barycenters of invariant measures for circle maps. Ergodic
Theory & Dynam. Systems 21, no.2, 511-532.

[3] O. Jenkinson, R.D. Mauldin, M. Urbainiski (2005) Zero Temperature Limits of Gibbs-
Equilibrium States for Countable Alphabet Subshifts of Finite Type. Journal of Statistical
Physics, 119, 765-776.

[4] O. Jenkinson, R.D. Mauldin, M. Urbanski (2004) Ergodic optimization for non-compact

dynamical systems. Preprint.

O. Sarig (1999) Thermodynamic Formalism for countable Markov shifts. Ergodic Theory &

Dynam. Systems. 19, no.6, 1565-1593.

O. Sarig (2001) Phase Transitions for Countable Markov Shifts. Comm. Math. Phys. 217,

no.3, 555-577.

O. Sarig (2003) Characterization of existence of Gibbs measures for Countable Markov shifts.

Proc. Amer. Math. Soc. 131, no.6, 1751-1758.

[8] L.S. Young (1999) Recurrence Times and Rates Of Mixing. Israel J. Math. 110, 153-188.

5

6

[7

GODOFREDO IOMMI, DEPARTAMENTO DE MATEMATICA, INSTITUTO SUPERIOR TECNICO, Av.
Rovisco Pais, 1049-001 LisBoA, PORTUGAL
E-mail address: giommi@math.ist.utl.pt



