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Abstract—Let K be a complete ultrametric field. We give lower and upper bounds for the size of
linearization discs for power series over K near hyperbolic fixed points. These estimates are maximal
in the sense that there exist examples where these estimates give the exact size of the corresponding
linearization disc. In particular, at repelling fixed points, the linearization disc is equal to the maximal
disc on which the power series is injective.
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1. INTRODUCTION

In recent years there has been an increasing interest in ultrametric (non-Archimedean) dynamics,
i.e. the study of iteration of rational maps over a complete ultrametric field K or, more generally, over
the corresponding projective line P(K) = K U {oo}. Ultrametric dynamics can be viewed both as an
analogue of complex dynamics, and as a part of algebraic dynamics, see e.g. the recent monographs
[1, 42] and references therein. An important issue in this study are the periodic points of such maps. As
in complex dynamics, the character of a periodic point is determined by the modulus of the multiplier
(the derivative at the periodic point). A periodic point is attracting, indifferent, or repelling if the modulus
of the multiplier is less than one, equal to one, or greater than one, respectively. In this paper we consider
local linearization near hyperbolic fixed points, i.e. the case in which a periodic fixed point is either
attracting or repelling. As we study local properties it is natural to identify the map with its Taylor series
about the fixed point. Recall that a power series f € K|[[z]] of the form

f(z) = Az + higher order terms,

is said to be locally linearizable at the the fixed point at the origin, with multiplier A, if there is a convergent
power series g such that the semi-conjugacy (Schréder functional equation)

go f(z) = Ag(z),

holds on some non-empty disc about the origin. Such a conjugacy always exists in the hyperbolic case
as shown by Herman and Yoccoz [17]. In this paper we estimate the maximal disc on which a semi-
conjugacy holds in the attracting and repelling case respectively. The attracting case is summarized
in Theorem 3.1, and the corresponding repelling case is given by Theorem 4.1. In the non-hyperbolic
indifferent case there do not always exist a linearization over fields of positive characterstics. The
indifferent case was studied in the equal characteristic cases [30—32] and in the p-adic case[2, 3, 19, 35,
45, 47] later generalized in [29], and by Viegue in the multi-dimensional p-adic case [46].

Estimates of the semi-conjugacy were previously obtained in the attracting case when K is a
finite extensions of the p-adic numbers @, by Lubin [33], and in the complex p-adic case K =C,
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ULTRAMETRIC DYNAMICS 233

by Rivera-Letelier [37]. In these works the the conjugacy is constructed as an iterative logarithm
whereas our approach uses the ansatz of a power series g and estimates of its coefficients. Similarly,
in the repelling case, Bézivin [10] studied the conjugacy in the repelling case over K = C,, and gave
a proof of the existence of the conjugacy. This result was then used to prove a result on the properties
of the corresponding Julia set as mentioned below. Moreover, similar results to ours, concerning the
convergence of the conjugacy, were stated by Zieve in the thesis [47]. See Remark 1 and 7 below.

Our results, Theorem 3.1 and Theorem 4.1, hold for general complete ultrametric K, i.e. K could be
either some p-adic fileld like C,,, or some extension of a function field of Laurent series IF((7")) in positive
or zero characteristic. Furthermore, we also estimate the maximal disc on which the full conjugacy

go fog l(z) =z,
is valid. Our estimates are maximal in the sense that there exist examples where either, f diverges or
fails to be injective on the boundary, breaking the conjugacy there. See Remark 3 and 8 for details on
this matter.

The paperis organized in the following way. First we recall some facts in section 2 about the mappings
that we study. In the following sections we state and prove the results in the attracting and repelling
cases respectively. The stated results are followed by some remarks concerning implications and related
works.

Before closing this section we briefly discuss some general facts about the corresponding hyperbolic
dynamics. As in the complex field case a rational map R € K (x) induces a partition of the state space
P(K) into the Fatou set F'(R), the domain on which R is equicontinous and loosely speaking the ‘region
of order’, and its complement, the Julia set J(R) which is the ‘region of chaos’, where small errors
become huge after many iterations of R. There is a vast number of papers studying the properties of these
sets, seee.g.[4—6,9, 11—13, 16, 18, 38, 39]. In particular, attracting periodic points are all in F'(R), while
repelling periodic points all belong to the Julia set J(R). In fact, as proven by Bézivin [10], the Julia set is
the closure of the repelling periodic points. There are several characterizations of the Fatou set in terms of
components. Rivera-Letelier [37] showed that components containing an attracting fixed point z¢, and
all the elements that are attracted to zy, may have a complicated ‘Cantor-like’ structure. Another very
interesting fact is that, contrary to the complex field case, the Fatou set may contain so called ‘wandering
domains’, i.e. there may exist components that are not preperiodic, as proven by Benedetto [7, 9]. Beside
those works already mentioned, ultrametric hyperbolic dynamics has been studied in many other papers,
see e.g.[14, 19—28, 34, 43, 44] and references therein.

2. BACKGROUND

In this section we introduce the main definitions and recall some basic facts from ultrametric calculus.
For a general treatment of ultrametric power series we refer to [15, 40, 41].

Throughout this paper p is a prime and the base field K is a complete ultrametric field with residue
field k. This means that K can be of any of the following three types; the p-adic case in which the
characteristic char K =0 and char k = p (the so called mixed characteristic case), or one of the
equal characteristic cases in which char K = char k is either zero or p. The main types in the equal
characteristic case are the function fields described below.

Example 1 (char K = char k = p). Let F), be a field of characteristic p > 0, e.g. F}, could be the
finite field IF,n of p™ elements, an infinite field like the algebraic closure of Fj», or the infinite field of
rational functions over Fpn. Let K = F,,((T")) be the field of all formal Laurent series in variable 7', with
coefficients in the field F},. An element x € K is of the form

= T, @, #0, €T, (2.1)

i>io

for some integer igp € Z. Given 0 < € < 1, we define an absolute value | - | on K such that |T'| = € and
> T =" (2.2)
1>10
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Hence, # = T is a uniformizer of K. Furthermore, K is complete with respect to | - | and, analogously
to the p-adic numbers, can be viewed as the completion of the field of rational functions F,(7T") over F,
with respect to the absolute value defined by (2.2). Note that iy is the order of the zero (or if negative,
the order of the pole) of x at ' = 0. Note also that in this case the residue field k = F},. Moreover, | - | is
the trivial absolute value on F}, the subfield of K consisting of all constant series in K. As for the p-adic

numbers, we can construct a completion K of an algebraic closure of K with respect to an extension
of | -|. Then K is a complete, algebraically closed non-Archimedean field, and its residue field % is an
algebraic closure of k = F),. It follows that k has to be infinite. The value group |K*|, that is the set of

real numbers which are actually absolute values of non-zero elements of I?, will consist of all rational
powers of €, rather than just integer powers of € as in | K*|. In particular, the absolute value is discrete on

K but not on K.

Example 2 (char K = char k = 0). Let F' be a field of characteristic zero, e.g. F' could be either Q,
Qp, RorC. Then define K = F((T)) and | - | as in the previous example. One major difference is that in
this case the residue field £ = F must be infinite since F'is of characteristic zero.

Given an element z € K and real number r > 0 we denote by D, (x) the open disc of radius r about

x, by D,(z) the closed disc, and by S,.(z) the sphere of radius r about z. I » € | K*| (that is if r is actually
the absolute value of some nonzero element of K'), we say that D,.(x) and D,.(x) are rational. Note that
Sr(0) is non-empty if and only if » € |[K*|. If ¢ |K*|, then we will call D,.(z) = D,(z) an irrational
disc. In particular if @ € K and r = |a|® for some rational number s € Q, then D, (x) and D,(x) are

rational considered as discs in K. Note that all discs are both open and closed as topological sets,
because of ultrametricity. However, power series distinguish between rational open, rational closed, and
irrational discs.

Let K be a complete ultrametric field. Let h be a power series over K of the form

[e.9]

h(z) = ch(az —a)', ¢ €EK.

i=1
Then h converges on the open disc D, («) of radius
Ry, = 1/ limsup |¢;) /7, (2.3)

and diverges outside the closed disc D, (v). The power series h converges on the sphere S, («) if and
only if

lim |¢;| R}, = 0.
For our purposes it is enough to consider the case a = 0 and ¢y = 0. Recall the following fact, which is

a consequence of the Weierstrass Preparation Theorem.

Lemma 2.1. Let K be algebraically closed and let h(x) = > 72 | cpa® be a power series over K.

1. Suppose that h converges on the rational closed disc Dr(0). Let 0 < r < R and suppose that
lew|r® < |er|r forall k> 2.
Then h maps the open disc D,.(0) one-to-one onto Dy.,|,(0). Furthermore,
d =max{k >1: |cp|r* = |e1|r},

is attained and finite, and h maps the closed disc D,(0) onto D)., |,(0) exactly d-to-1 (counting
multiplicity).

2. Suppose that h converges on the rational open disc Dr(0) (but not necessarily on the sphere
Sr(0)). Let 0 < r < Rand suppose that

lew|r® < lei|r Jorallk > 2.

Then h maps D,(0) one-to-one onto Dj,.(0).
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A proof is given, in a more general setting, in [8].
Given the real number p, we will be interested in the following family of maps with multiplier A # 0
fixing the origin in K.

:ﬂAK>={feKmﬂaﬂmzkw+§jwﬂﬂmmwmm“”=p}. (2.4)
i=2 122
For future reference, we note that by definition

jail < (1/p) " (2.5)

To each such f € J) ,(K) we will associate its radius of convergence

Ry = 1/limsup |a;|"/?, (2.6)
and the maximal radius on which f is one-to-one
of :Inin{Rf,'u;g(|>\|/|ai|)1/(i—1)} (2.7)
respectively. In fact, by the lemma above
[+ Ds;(0) = Dy, (0) (2.8)

is a bijection. The radius of injectivity is discussed in more detail in the two sections below.

2.1. Injectivity — Attracting Case

Let us now consider the attracting case 0 < |A| < 1. Clearly 6y < p < Ry. On the other hand, by
(2.5) we have §y > |A|p. Consequently,

Mp<d;<p<Ry if]<L (2.9)

In particular, if |a;| = || for all ¢ > 2, then 6y = p = Ry = 1. On the other hand, according to the
example below, we may also have 67 = |A|p. This case is of special interest because, according to
theorem 3.1, |A|p is a lower bound for the radius of the full conjugacy.

Example 3. Suppose that 0 < |A| < 1 and p = 1/]as|, then
1/|as| < 1/]ag)"/@V forall i > 3.
Moreover, Ry > p. Consequently,

6 = inf (IAI/]ai))/“ < |Al/laz] = [Alp.
Recall that by (2.9) we also have 67 > |A|p. It follows that the radius of injectivity
5y =[Ap ifp=1/|as. (2.10)

2.2. Injectivity — Repelling Case

We close the section on background material by considering the repelling case. If || > 1 we have
; /(=)
inf (1Al/]ail) > p-
On the other hand, for |A| > 1, we also have
. NL/G=1) _ iy 2—i s 1\ 1/(—1)
inf (Al/Jal) ™ = Al ing (1A /lail) Y < Al

with equality if and only if p = 1/|ag|. Consequently,
p < 8p <min{Rp,[Np} iT]Al> 1, (211
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and in particular, we may have d; = Ry in this case; e.g. if |a;| = || for every i > 2, then §y = Ry =
1 = [A|p, since p = 1/|)| in this case. That we may also have the other extreme in (2.11), 0y = Ry = p,
follows from the following example.

Example 4. Suppose that |A\| > 1 and a; = 1/\* fori > 2, then

limsup|a2-|1/i = sup|ai|1/i_1 = 1/|Al,
i>1 i>2

and

: N/G=1) +1)E-1)]) —
inf (|\|/[ai]) inf (12| )=

Accordingly, 6 = Ry = p = |A| in this case.

3. ATTRACTING FIXED POINTS

In this section we will prove the following theorem.

Theorem 3.1. Let K be a complete ultrametric field, and f € Fy ,(K), defined by (2.4), with
0 < |\| < 1. Then there is a unique function g, defined on the open disc {|z| < p} with g(0) =0,
¢'(0) = 1 such that the semi-conjugacy

go f(z) = Ag(z), (3.1)
is valid in the open disc {|x| < p}. The full conjugacy go f o g=' = Az, holds for |z| < |\|p.

Before proving the theorem we make a few remarks.

Remark 1. It follows from the proof below that one can easily obtain the estimate [by,| < [A|7% (1/p)F 71,
for the coefficients of the conjugacy. Consequently, as stated by Zieve [47], the semi-conjugacy con-
verges on the open disc of radius Ap about the origin. In the proof below we improve this estimate by
showing that in fact the coefficients of the conjugacy satisfy (3.5) and converges on the open disc of
radius p.

Remark 2. A similar estimate, concerning the semi-conjugacy (3.1) in Theorem 3.1, is known in
the p-adic case using the construction of an iterative logarithm g = lim,,_,o, f°"/A". Rivera-Letelier
[36] (Proposition 3.3 p. 49) proved that, in the case K = C,, g converges on the open disc of radius

r(f) = 1/sup;>; la;|'/* about the origin. This result was proven earlier by Lubin [33] in the special case
that K is a finite extension of Q,, and the coefficients of f are all in the closed unit disc in K.

Remark 3. In view of (2.9) the semi-conjugacy is valid on a disc of radius larger than or equal to that of
the maximal disc on which f is injective. In particular, if |a;| = |A| for each ¢ > 2, then as noted in section
221,68y = p= Ry = 1. Hence, our estimate of the domain of semi-conjugacy is maximal in this case.
Moreover, the maximal disc of semi-conjugacy is the same as that of the maximal disc about the origin
on which f is injective. In the next remark we conclude that there are cases in which the maximal disc
on which f is injective is strictly contained in the maximal disc of semi-conjugacy.

Remark 4. The estimate of the maximal disc of full conjugacy {|z| < |\|p} is maximal in the sense
that it may be that the radius of injectivity 6 = [A|p, and consequently f may have roots of iterates,
i.e. z such that f™(z) = 0, on the sphere {|z| = |\|p} breaking the conjugacy there; by the conjugacy
relation g o f™ o g~!(z) = A" and consequently f could not have roots of iterates (nor periodic points)
on the linearization disc. For example, in view of (2.10), this is the case if p = 1/|ag| as for quadratic
polynomials.

Remark 5. The theorem suggests that the maximal disc of full conjugacy is strictly contained in the

maximal disc of semi-conjugacy. That this can actually be the case follows from the example considered
in the previous remark.

See the work of Arrowsmith and Vivaldi [2] for explicit examples of this fact, concerning power
functions in the p-adic case.
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3.1. Proof of the Theorem
By the condition of the theorem, the conjugacy g must be a power series of the form

[e.9]
r)=x+ Z bra®.
k=2

By solving the equation (3.1) for formal power series we obtain

k ! «

(A= \F) Zbl Z ak|a11 e al), (3.2)
where oy + ... + o, =l and a1 + 2as... + kak = k and a; = A. Note that |I!/(aq! - ... - ag!)| < 1 since
I/(aq!- ... - ag!) is an integer. Thus, by ultrametricity, equation (3.2) yields

1 o o
b < A= A max\bl)\ e lag? - - apk, (3.3)

where by = 1 and the maximum is taken over all solutions (I, v, ..., ay ) to the system

a1+ ...tap =1,
ag + 2as... + kay, = k, (34)
1<I<k-—1,

of equations for nonnegative integers ;. Note that each oy; = (1, k) is a multi-valued function of / and
k. For example for k = 4 and [ = 2 we have the solution a1 (2,4) = a3(2,4) = 1 and a2(2,4) = 0 as well
as the solution where a2(2,4) = 2 and o;(2,4) = a3(2,4) = 0.

As noted in Remark 1 above one can easily obtain the estimate |by| < |A|7% (1/p)*", for the
coefficients of the conjugacy, using the fact that aq (1, k) > 0. We will prove by more detailed analysis
of the values of a1 (I, k), and induction over &, that in fact

o] < |A[782k (1/p)F T fork > 2. (3.5)
First note that by the'condition of the lemma b; = 1. Moreover, by the condition of the lemma we
also have |a;| < (1/p)"~", for every i > 2. Furthermore, a; = A, and as |\| <1 and k > 2 we have
A= XF| = |\ |1 - A’“‘l‘ = |\|. Hence, |b2| < |A|71(1/p).
We will proceed to prove (3.5), using induction over k. Assume that, given & > 3

by < [A]71o%2l (1/p) 7 forl > 2. (3.6)
Note that by (3.4) we have
k
> (i-Day=k—1
i=2

Consequently, since |a;| < (1/p)""", we obtain

k k
H \ai|o‘i < H (1//))(1—1)012 — (1/p)k’—l
=2 i=2

In view of the inequality (3.3) and the fact that [\ — A\¥| = |\| we then have
bl < A7 AR (1/p)P
bk] < A7 max [b [ (1/p)

Using the assumption (3.6) we obtain

bl < (1 k—1 )\al(hk)—l—long'
bk < (1/p)"" | max [A

Note the following lemma
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Lemma 3.1. Given k > 2, let | be the largest integer such that ay(l,k) =0. Then 1 < k/2. In
particular, for n > 1, we have a solution to the equation ay(2",2"*1) = 0.

Proof. Suppose that oy (I, k) = 0. Then, the first statement follows from the observation that by (3.4)
we have k — [ = ag + 2a3 + ... + (k — 1)ag > [. The second statement follows from the preceding and
the observation that aiy = 2" and @y = a3 = ... = oy, = 0 is a solution of (3.4) for | = 2" and k = 2"+

Consequently, ai(l,k) —1 —logyl > ay(l, k) — 1 —logy(k/2) = —logy k, and the assertion (3.5)
follows.
Accordingly, the radius of convergence R, > p as required. Moreover, b; = 1 and

. 1/(k=1) 5 (logy k)/(k—1) , _
it (1/]be) /70 > g p=Rle-

It follows that the radius of injectivity 6, > |A|p. This completes the proof.

4. REPELLING FIXED POINTS

In the repelling case we will prove the following theorem.

Theorem 4.1. Let K be a complete ultrametric field, and f € F) ,(K) with |\| > 1. Then, there
is a unique function g, with g(0) =0 and ¢'(0) = 1, convergent and injective on the open disc
{]z| < |Alv}, where v = inf;>9 (IAl/|as) YY), such that both the semi-conjugacy

go f(z) = Ag(x), (4.1)
and the full conjugacy go f o g~ (x) = Az, holds Jor |z| < &;.

Remark 6. As noted in the introduction, the existence of a convergent conjugacy in the hyperbolic case
(in any dimension) was proven by Herman and Yoccoz [17], generalizing results from complex dynamics.
In the p-adic case K = C,,, Bézivin [10] proved the existence of a convergent conjugacy (Lemma 1 page
68) for rational maps R € Cp(x). The proof is a bit similar to our proof in the sense that Bézivin uses the
construction of majorant series to prove convergence.

Remark 7. That g converges on the disc {|z| < v|A|} was also stated by Zieve [47].

Remark 8. The estimate of the full conjugacy is maximal since ¢ is the radius of injectivity for f. In
particular if D5, (0) is rational. Then, Ds,(0) is the maximal disc on which the full conjugacy holds. E.g.

this is the case if f is a polynomial. Concerning power series, consider for example the case a; = 1/’
forall i > 2 given in Example 4 in section 2.2. Also in this case, D5, (0) is rational since 67 = |A[.

Proof. Again, as in the proof for attracting fixed points, we denote by by the coefficients of the conjugacy
g. Recall that by the condition of the [emma

—; /=1
v = inf (|Al/]ai]) - (4.2)
Note that if Ry >+, then v =65. Also note that by (4.2) |a;| < |A]| (1/~)"'. We will prove that
lbe] < [N~® =D 1/ fork > 1.
Again, since ¢’(0) = 1 we have by = 1. As in the attracting fixed point case, the coefficients of g can

then be obtained recursively according to (3.2). As a consequence, |ba| < |A|72|az|! < |A|71(1/7). We
will proceed using induction over k. Given k£ > 3, suppose that

by < A"V /) for1 <1<k —1. (4.3)
As |A| > 1 we have |A — A\¥| = |\|*. Hence, by the inequality (3.3)

k
[A[F[bg] <  Jnax b| - A - ag? - agt]

p-ADIC NUMBERS, ULTRAMETRIC ANALYSIS AND APPLICATIONS Vol.2 No.3 2010



ULTRAMETRIC DYNAMICS 239

Note that by (3.4) we have
k
d(i-Day=k—1
=2
Consequently, since |a;| < |)\| (1/7)"!, we obtain

|A|°“H|a & <H|A|‘“H 1) = (1)
=2

Hence,
k k—1
Xl < mae [IbdAT (/2]
The assumption (4.3) then yields
[AF]Jb] < max 7] (/)0 FED] = A (1/7)F

as required.
Hence, the radius of convergence Ry > |A|y > [A|d;. Recall that f maps D, (0) one-to-one onto
D5, (0). Consequently, the semi-disc is of radius greater than or equal to 6. Moreover, b; = 1 and

. 1/(k=1) < - _
Inf (1/1bx) 2 inf [Aly = [Aly.

It follows that the radius of injectivity 6, > |A|y > |A[éf. This completes the proof.

ACKNOWLEDGEMENT

We would like to thank Prof. Andrei Khrennikov for fruitful discussions, and Rob Benedetto for helpful
comments.

REFERENCES

V. Anashin and A. Yu. Khrennikov, Applied Algebraic Dynamics (Walter de Gruyter, Berlin, 2009).
D. K. Arrowsmith and F. Vivaldi, “Geometry of p-adic Siegel discs,” Physica D 71, 222—236 (1994 ).
S. Ben-Menahem, “p-Adic iterations,” Preprint TAUP 1627—88, (Tel Aviv University, 1988).
R. Benedetto, “Hyperbolic maps in p-adic dynamics,” Ergodic Theory Dynam. Systems 21, 1—11 (2001).
R. Benedetto, “Reduction dynamics and Julia sets of rational functions,” J. Number Theory 86, 175—195
(2001).
6. R. Benedetto, “Components and periodic points in non-archimedean dynamics,” Proc. London Math. Soc.
84 (3), 231—256 (2002).
7. R. Benedetto, “Examples of wandering domains in p-adic polynomial dynamics,” C. R. Math. Acad. Sci.
Paris 335 (7), 615—620 (2002).
8. R. Benedetto, “Non-Archimedean holomorphic maps and the Ahlfors Islands theorem,” Amer. J. Math. 125
(3), 581622 (2003).
9. R. Benedetto, “Wandering domains in non-Archimedean polynomial dynamics, Bull. London Math. Soc. 38
(6), 937—950 (2006).
10. J-P. Bézivin, “Sur les points périodiques des applications rationnelles en dynamique ultramétrique,” Acta
Arith. 100 (1), 63—74 (2001).
11. J-P. Bézivin, “Fractions rationnelles hyperboliques p-adiques,” Acta Arith. 112 (2), 151—175 (2004).
12. J-P. Bézivin, “Sur la compacité des ensembles de Julia des polyndémes p-adiques,” Math. Z. 246 (1-2), 273—
289 (2004).
13. J-P. Bézivin, “Ensembles de Julia de polynomes p-adiques et points périodiques,” J. Number Theory 113 (2),
389—407 (2005).
14. B. Dragovich, A. Yu. Khrennikov and D. Mihajlovic, “Linear fractional p-adic and adelic dynamical systems,
Rep. Math. Phys. 60 (1), 55—68 (2007).
15. A. Escassut, Analytic Elements in p-Adic Analysis (World Scientific, Singapore, 1995).

Ol =

”»

p-ADIC NUMBERS, ULTRAMETRIC ANALYSIS AND APPLICATIONS Vol.2 No.3 2010



240
16.
17.
18.
19.
20.

21.
22.

23.
24.
25.
26.
27.

28.
29.

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42
43.
44.

45.
46.

47.

LINDAHL, ZIEVE

C. Favre and J. Rivera-Letelier, “Théorie ergodique des fractions rationnelles sur un corps ultramétrique,”
Proc. London Math. Soc. 100 (3), 116—154 (2010).

M. Herman and J.-C. Yoccoz, “Generalizations of some theorems of small divisors to non-archimedean
fields,” in Geometric Dynamics 1007 LNM, 408—447 (Springer-Verlag, 1981).

L. Hsia, “Closure of periodic points over a non-archimedean field,” J. London Math. Soc. 62 (2), 685—700

(2000).

A. Yu. Khrennikov, “Small denominators in complex p-adic dynamics,” Indag. Mathem. 12 (2), 177—188
(2001).

A. Yu. Khrennikov, Non-Archimedean Analysis and its Applications (Nauka, Fizmatlit, Moscow, 2003)
[in Russian].

A. Yu. Khrennikov, “p-Adic model of hierarchical intelligence,” Dokl. Akad. Nauk. 388 (6), 1—4 (2003).

A. Yu. Khrennikov, F. M. Mukhamedov and J. F. Mendes, “On p-adic gibbs measures of the countable state
potts model on the cayley tree,” Nonlinearity 20 (12), 2923—2937 (2007 ).

A. Yu. Khrennikov and M. Nilsson, “On the number of cycles for p-adic dynamical systems,” J. Number
Theory 90, 255—264 (2001).

A. Yu. Khrennikov and M. Nilsson, p-Adic Deterministic and Random Dynamics (Kluwer, Dordrecht,
2004).

A. Yu. Khrennikov, M. Nilsson and N. Mainetti, “Non-archimedean dynamics,” Bull. Belg. Math. Soc. Simon
Stevin 9, 141-147 (2002).

A. Yu. Khrennikov and P.-A. Svensson, “Attracting fixed points of polynomial dynamical systems in fields of
p-adic numbers,” Izv. Math. 71 (4), 753—764 (2007).

J. Kingsbery, A. Levin, A. Preygel and C. E. Silva, “On measure-preserving ¢! transformations of compact-
open subsets of non-Archimedean local fields,” Trans. Amer. Math. Soc. 361 (1), 61—85 (2009).

H-C. Li, “On heights of p-adic dynamical systems,” Proc. Amer. Math. Soc. 130 (2), 379—386 (2002).
K.-O. Lindahl, “Estimates of linearization discs in p-adic dynamics with application to ergodicity,”
http://arxiv.org/abs/0910.3312 (2009).

K.-O. Lindahl, “On Siegel’s linearization theorem for fields of prime characteristic,” Nonlinearity 17 (3),
745—763 (2004).

K.-O. Lindahl, “Linearization in ultrametric dynamics in fields of characteristic zero — Equal characteristic
case,” p-Adic Numbers, Ultrametric Analysis and Applications 1 (4), 307—316 (2009).

K.-O. Lindahl, “Divergence and convergence of conjugacies in non-Archimedean dynamics,” in Advances
in p-Adic and Non-Archimedean Analysis, Contemp. Math. 508, 89—109 (Amer. Math. Soc., Providence,
RI, 2010).

J. Lubin, “Non-archimedean dynamical systems,” Compos. Math. 94, 321—346 (1994).

M. Nilsson and R. Nyqvist, “The asymptotic number of periodic points of discrete p-adic dynamical systems,”
Proc. Steklov Inst. Math. 245 (2), 197—204 (2004).

J. Pettigrew, J. A. G. Roberts and F. Vivaldi, “Complexity of regular invertible p-adic motions,” Chaos 11,
849—857 (2001).

J. Rivera-Letelier, Dynamique des functions rationelles sur des corps locaux, PhD Thesis (Universite de
Paris-Sud, Orsay, 2000).

J. Rivera-Letelier, “Dynamique des functionsrationelles sur des corps locaux,” Astérisque 287, 147—230
(2003).

J. Rivera-Letelier, “Espace hyperbolique p-adique et dynamique des fonctions rationnelles,” Compos. Math.
138 (2), 199—231 (2003).

J. Rivera-Letelier, “Points périodiques des fonctions rationnelles dans I’ espace hyperbolique p-adique,”
Comment. Math. Helv. 80 (3), 593—629 (2005).

A. M. Robert, A Course in p-Adic Analysis (Springer, Berlin, Heidelberg, New York, 2000).

W. H. Schikhof, Ultrametric Calculus (Cambridge Univ. Press, Cambridge, 1984).

J. H. Silverman, The Arithmetic of Dynamical Systems (Springer, New York, 2007).

S. De Smedt and A. Khrennikov, “Dynamical systems and theory of numbers,” Comment. Math. Univ. St.
Pauli 46 (2), 117—132 (1997).

P.-A. Svensson, “Dynamical systems in unramified or totally ramified extensions of a p-adic field,” Izv. Math.
69 (6), 1279—1287 (2005).

E. Thiran, D. Verstegen and J. Weyers, “p-Adic dynamics,” J. Statist. Phys. 54, 893—913 (1989).

D. Viegue, Problemes de linéarisation dans des familles de germes analytiques, PhD Thesis (Univer-
sité D’Orléans, 2007).

M. E. Zieve, textitCycles of Polynomial Mappings, PhD Thesis (Univ. of California at Berkeley, 1996).

p-ADIC NUMBERS, ULTRAMETRIC ANALYSIS AND APPLICATIONS Vol.2 No.3 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


