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� �m
�
is

a
descen

dan
t
of

A
� �N
��

an
d
�
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z �n
�
is
rise�an

d
�d
rop
for
all

z�
J
�

D
e
�
n
itio

n
�
�
��
�
A
step

is
a
pair

�m
�m
�
��

of
con

secu
tive

n
on
�n
egative

in
tegers�

D
e
�
n
itio

n
�
�
��
�
W
e
say

that
a
rise�an

d�drop
sequ

en
ce
�a

n �
rises

p
ast

a
step

�m
�m
�
��

at
tim

e
�n
�n
�
��

if
a
n
�
m

an
d
a
n
�
�
�
m
�
�

N
ote
th
at
if
A

� �m
�
is
a
d
escen

d
an
t
of
A

� �N
��
an
d
�
z �n
�
rises

p
ast
�m

�m
�
���
at
tim
e
�n
�n
�
���

th
en

A
z �n
��

A
z �
an
d
m
o
d
A
z �n
�
�
m
o
d
A

� �m
��

L
e
m
m
a
�
�
��
�
�In

te
rm

e
d
ia
te

v
a
lu
e
th
e
o
re
m

fo
r
rise

�a
n
d
�d
ro
p
se
q
u
e
n
ce
s	

S
u
ppose

that
�a

i �
li�

�
is

rise�an
d�drop�

T
hen

if
k


l
an
d
a
k 


m
�
m
�
�


a
l �
then

�a
i �
li�

�
rises

past
�m

�m
�
���

P
ro
o
f�

L
et

s
�
su
pfij

a
i 


mg�
T
h
en

a
s 


m
�
a
s�

� �
m
�
��
an
d
a
s�

� 

a
s
�
��
so

�a
s �a

s�
� �
�
�m

�m
�
���

	�����
W
e
n
ow
p
resen

t
tw
o
fu
rth
er
lem
m
as
on
rise�an

d
�d
rop
seq
u
en
ces�

T
h
e
�
rst
is
for
th
e
case

w
h
ere
su
p
�
z �n
�
�
�
�
an
d
th
e
secon

d
is
for
th
e
case

w
h
ere
su
p
�
z �n
�
is
�
n
ite�

L
e
m
m
a
�
�
��

If
�a

n �
�n
�
k
is
rise�an

d�drop�
an
d
su
p
�a

n �
�n
�
k
is
in
�
n
ite�

then
�a

n �
rises

pa
st
all

bu
t
�
n
itely

m
an
y
steps�

P
ro
o
f�
T
h
e
given

seq
u
en
ce

a
n
is
b
ou
n
d
ed
b
elow
�
so
let

b
�
in
f
a
n �
W
e
w
ill
sh
ow
th
at

a
n
rises

p
ast
�m

�m
�
��
for
all

m
�
b�
S
in
ce
a
n
is
d
iscrete�valu

ed
�
its
in
�
n
u
m
is
realized

�
so
let

k
b
e
su
ch

th
at

a
k
�
b�
N
ow
�
su
p
p
ose
w
e
are
given

su
ch
an

m
�
T
h
en
�
sin
ce
th
e
seq
u
en
ce
�a

i �
h
as
a
d
iscrete

d
om
ain
�
lim
su
p
a
i
�
su
p
a
i �
so�

l
	
k
su
ch
th
at

a
l �

m
�
��
T
h
en
�
b
y
ou
r
�in
term

ed
iate
valu
e

th
eorem

��	��������
s�
w
ith

k

s
�
s
�
�


l�
su
ch
th
at
�a

s �a
s�

� �
�
�m

�m
�
���

	�����

L
e
m
m
a
�
�
��
�
S
u
ppose

�a
n �
�n
�
k
is
rise�an

d�drop�
an
d
su
p
�a

n �
�n
�
k
is
�
n
ite�

T
hen

��
�a

n �
m
akes

the
sam

e
drop

in
�
n
itely

often
��

r�s
w
ith

r�
s
su
ch

that
a
n
�
r
an
d
a
n
�
�
�
s

for
in
�
n
itely

m
an
y
n
�

��
If
m

is
given

su
ch

that
s


m
�

m
�
�



r�
then

�a
n �

rises
past

�m
�m
�
��

in
�
n
itely

m
an
y
tim

es�

P
ro
o
f�

In
th
is
case�

a
n
realizes

on
ly
�
n
itely

m
an
y
valu
es�
so
th
ere
are
on
ly
�
n
itely

m
an
y

p
ossib

le
p
airs
of
valu
es
�a

n �a
n
�
� �
w
ith

a
n
�
� 


a
n �
so
at
least

on
e
su
ch
p
air
of
valu
es
m
u
st
b
e

realized
in
�
n
itely

often
�
S
o
th
ere
is
a
m
on
oton
ically

in
creasin

g
seq
u
en
ce
�n

i �
�i�

� �
w
ith

a
n
i
�
r

an
d
a
n
i �

�
�
s
for
som
e
r


s�
T
h
en
�
given

m
w
ith

r

m
�
m
�
�


s�
w
e
n
ote
th
at�
for
each

i�
N
�
a
n
i �

�
�
s
an
d
a
n
i
�
�
�
r�
so�
b
y
ou
r
�in
term

ed
iate
valu
e
th
eorem

��	�������
th
ere
ex
ist

s
i �

w
ith

n
i
�
�


s
i
�
s
i �
�


n
i�

� �
su
ch
th
at
�a

s
i �a

s
i �

� �
�
�m

�m
�
���

	����
W
ith
th
e
h
elp
of
L
em
m
a
	������

w
e
can
n
ow
settle

th
e
case

w
h
ere
su
p
�
z �n
�
�
�
�



	�
J
e
r
e
m
y
K
a
h
n

L
e
m
m
a
�
�
��
�
If
su
p
�
z �n
�
�
�
�
an
d
z�

R
�
then

the
su
m

of
the

m
odu

li
of

the
an
n
u
li
in
A

z

diverges�

P
ro
o
f�

B
y
L
em
m
a
	������

��
z �n
��
�n
�
p
is
rise�an

d
�d
rop
�
so
b
y
L
em
m
a
	������

it
rises

p
ast
all

b
u
t
�
n
itely

m
an
y
step
s�
B
y
C
orollary

	������
for
each

tim
e
it
rises

p
ast
a
step

�m
�m
�
��
w
ith

A
� �m
�
a
d
escen

d
an
t
of
A

� �N
��
w
e
get
an
elem
en
t
of
A

z
w
ith
m
o
d
u
lu
s
eq
u
al
to
th
e
m
o
d
u
lu
s
of

A
� �m
��
T
h
erefore�

b
y
L
em
m
a
	�����

th
e
su
m
of
th
e
m
o
d
u
li
of
th
e
an
n
u
li
in
A

z
d
iverges�

	�����

T
h
e
rest
of
th
is
su
b
section

is
d
evoted

to
sh
ow
in
g
th
at
th
e
su
m
of
th
e
m
o
d
u
li
of
th
e
an
n
u
li

in
A

z
for

z
�
R
d
iverges

w
h
en
su
p
�
z �n
�
is
�
n
ite�

In
th
is
case

th
e
forw
ard
orb
it
of

z
d
o
es

n
ot
accu
m
u
late

on
th
e
critical

p
oin
t�
an
d
w
e
can
n
ot
p
u
ll
b
ack
a
cop
y
of
each

of
th
e
an
n
u
li

su
rrou
n
d
in
g
th
e
critical

p
oin
t�
In
stead

�
w
e
w
ill
sh
ow
th
at
every

tim
e
�
z �n
�
fails

to
in
crease

b
y

�
�w
h
en

n
in
creases

b
y
���
it
in
fact
�d
rop
s�
p
ast
a
step

corresp
on
d
in
g
to
th
e
level

of
a
critical

d
escen

d
an
t
of

N
�
T
h
e
argu
m
en
t
h
ere
is
a
little

tech
n
ical�

w
e
in
fact

sh
ow
th
at
it
d
rop
s
p
ast

th
e
level

of
on
e
of
th
e
tw
o
fratern

al
d
escen

d
an
ts
A

� �N
i �
of
A

� �N
��

T
h
en
w
e
can
con
clu
d
e�
u
sin
g
L
em
m
a
	����

an
d
L
em
m
a
	����

�or
C
orollary

	�������
th
at
A

z

con
tain
s
in
�
n
itely

m
an
y
con
form

al
cop
ies
of
a
sin
gle
critical

d
escen

d
an
t
of

A
� �N
��
S
o
in
th
is

case
th
e
series

of
m
o
d
u
li
of
elem

en
ts
of
A

z
con
tain
s
in
�
n
itely

m
an
y
cop
ies
of
th
e
sam
e
n
u
m
b
er�

an
d
th
erefore

d
iverges�

L
e
m
m
a
�
�
��
�
S
u
ppose

A
� �n
�
is
criticalan

n
u
lu
s�

B
ecau

se
the

critical
poin

t
�
of
f
is
recu

rren
t�

there
is

som
e
m

	
�
su
ch

that
f
m
����

P
� �n
�
��


chose
the

least
su
ch

m
�
T
hen

f
m
�
A

� �n
�

m
��

A
� �n
�
is
a
dou

ble
cover�

so
A

� �n
�
m
�
is
a
child

of
A

� �n
��

P
ro
o
f�
W
e
h
ave

f
m
�P

� �m
�
n
�
���
�
P
� �n
�
���
so

f
m
�P

� �m
�
n
��
�
P
� �n
��
an
d
f
mjP

�
�m

�
n
�
�
�

is
a
d
egree

�
b
ran
ch
ed
cover�

so
all
w
e
n
eed
ch
eck
is
th
at

f
mjP

�
�m

�
n
�
is
d
egree

��
If
n
ot�
th
en

f
i�P

� �m
�
n
��
�
P
� �m
�
n	

i�
for
som
e
�
�
i
�
m
�
B
u
t
th
en

m
�
n	

i�
n
�
��
so
w
e
get

f
i����

P
� �n
�
���
a
con
trad
iction

�
	�����

C
o
ro
lla
ry

�
�
��
�
If
A

� �n
�
is
a
critical

an
n
u
lu
s�
an
d
f
k����

P
� �n
�
���

then
A

� �n
�
has

a
child

A
� �t��

w
ith

t

n
�
k
�

P
ro
o
f�

U
se
L
em
m
a
	������

th
e
m
in
L
em
m
a
	�����

satis�
es

m


k
�
so
th
e
ch
ild

A
� �m
�
n
�

satis�
es

n
�
m


n
�
k
�

	�����

L
e
m
m
a
�
�
��
�
S
u
ppose

f
k�P

� �n
�
k
��
�
P
� �n
��

T
hen

for
all

l
�
n
�
there

exists
t
su
ch

that
n
�
k
	
t�

n
a
n
d
A

� �t�
is
a
descen

dan
t
of

A
� �l��

P
ro
o
f�

L
et
m
b
e
th
e
greatest

in
teger

su
ch
th
at

m
�
n
�
an
d
A

� �m
�
is
a
d
escen

d
an
t
of
A

� �l��
�W
e
allow

th
e
p
ossib

ility
th
at

m
�
l��
T
h
en

f
k����

P
� �n
��

P
� �m
�
���
so
b
y
C
orollary

	������
A

� �m
�
h
as
a
ch
ild

A
� �t�
w
ith

t

m
�
k
�
n
�
k
�
b
u
t
t�

n
b
y
ou
r
ch
oice
of
m
�
S
o�
in
su
m
m
ary�

A
� �t�
is
a
d
escen

d
an
t
of
A

� �l�
�v
ia
A

� �m
���
an
d
n
�
k
	
t�

n
�

	�����



H
o
l
o
m
o
r
p
h
ic

R
e
m
o
v
a
b
il
it
y
o
f
J
u
l
ia

S
e
t
s

	�

L
e
m
m
a
�
�
��
�
If
�
z �n
�
��


�
z �n
��
then

f
�
z
�n
��

��
z
�n
�
�
��

�
��P

� ��
z �n
���
�
P
� ��

z �n
�
��	

���

P
ro
o
f�
L
et
a
��

�
z �n
�
��
an
d
b
��

�
z �n
��
T
h
en

f
n
�
�
�
a�P

z �n
�
���
�
P
� �a
��
so
f
n
�
�
�
a�P

z �n
��
�

P
� �a	

���
A
lso

f
n
�
b�P

z �n
��
�
P
� �b��

T
h
erefore

f
�n
�
�
�
a
��

�n
�
b��P

� �b��
�
P
� �a	

���
	�����

L
e
m
m
a
�
�
��
�
S
u
ppose

z�
R
�
a
��

�
z �n
�
��


b
��

�
z �n
��
an
d
a
	
L
�
T
hen

there
exists

m
su
ch

that
a


m
�
m
�
�


b�
a
n
d
A

� �m
�
is
a
critical

descen
dan

t
of

on
e
of

the
tw
o
A

� �N
i ��

P
ro
o
f�
W
e
h
ave

f
b�

�a
�
�
��P

� �b��
�
P
� �a
�	
�
b
y
L
em
m
a
	������

T
h
en
b
y
L
em
m
a
	������

sin
ce

b
oth
of
th
e
levels

N
i
are
less
th
an

a	
�
�b
y
th
e
d
e�
n
ition

s
of
L
an
d
R
��
th
ere
is
a
d
escen

d
an
t

A
� �t�
of
each

A
� �N

i �
w
ith

a	
�


t
�
t
�
�


b�
T
h
e
tw
o
d
escen

d
an
ts
are
d
istin
ct�
so
on
e
of

th
e
t�s
m
u
st
satisfy

a

t
�
t
�
�


b�
T
h
is
t
is
th
e
req
u
ired

m
�

	����	

L
e
m
m
a
�
�
��
�
If
lim
su
p
�
z �n
�
�
�
�
an
d
z�

R
�
then

the
su
m

of
the

m
odu

li
of

the
an
n
u
li
in

A
that

su
rrou

n
d
z
diverges�

P
ro
o
f�

B
y
th
e
�
rst
p
art
of
L
em
m
a
	�����

th
ere
ex
ists

a



b
su
ch
th
at
for
in
�
n
itely

m
an
y
n
�
�
z �n
�
��
�

a
an
d
�
z �n
�
�

b�
T
h
en
b
y
L
em
m
a
	����	

w
e
can
�
n
d
a
d
escen

d
an
t

A
� �m
�
w
ith

a



m
�

m
�
�



b�
S
o
th
en
b
y
th
e
secon

d
p
art
of
L
em
m
a
	����

th
ere
are

in
�
n
itely

m
an
y
q
w
ith

�
z �q�
�
m
an
d
�
z �q
�
��
�
m
�
��
T
h
en
b
y
C
orollary

	������
A
z �q��

A
�

an
d
m
o
d
A
z �q�

�
m
o
d
A

� �m
��
T
h
u
s
th
ere
are
in
�
n
itely

m
an
y
an
n
u
li
in

A
z
w
ith
m
o
d
u
lu
s

m
o
d
A

� �m
��
S
o
th
e
su
m
of
th
e
m
o
d
u
li
of
th
e
an
n
u
li
in
A

z
d
iverges�

	����


L
e
m
m
a
�
�
��
�
F
or

all
z�

R
�
the

su
m

of
the

m
odu

li
of

the
an
n
u
li
in
A

z
diverges�

P
ro
o
f�

T
h
is
is
ju
st
th
e
con
ju
n
ction

of
L
em
m
as
	�����

an
d
	����
�

	�����



C
h
a
p
te
r
�

F
u
r
th
e
r
R
e
su
lts

�
��

L
o
c
a
l
C
o
n
n
e
c
tiv

ity
o
f
C
o
r
r
e
sp
o
n
d
in
g
P
o
in
ts

in
th
e

M
a
n
d
e
lb
r
o
t
S
e
t

In
th
is
section

w
e
w
ill
p
rove�

T
h
e
o
re
m

�
��
��

If
c�

�
M
�
an
d
f
c �z�

�
z
�
�
c
is

n
ot

ren
orm

alizable
an
d
has

n
o
in
di	

eren
t

�
xed

po
in
t�
then

M
is
locally

con
n
ected

at
c�

T
h
e
p
ro
of
is
b
y
an
aly
zin
g
th
e
b
eh
av
iou
r
of
th
e
grap
h
s
�
n �c�
as
c
varies�

�R
ecall

th
e
d
e�
n
ition

of
�
n
�h
ere
w
ritten

as
�
n �c�

to
em
p
h
asize

its
d
ep
en
d
en
ce
on

f
c �
from

section
�����

P
ro
o
f�

W
e
h
ave

f
c
�

z
�
�
c�
F
or

c�
M
let

�
�c�
d
en
ote
th
e
lan
d
in
g
p
oin
t
of
th
e
zero

ray�
an
d
for

c��
�


let

�
�c�
d
en
ote
th
e
oth
er
�
x
ed
p
oin
t�
T
h
en
if
�
�c�
is
rep
ellin
g
let
�
n �c�

d
en
ote
th
e
level

n
Y
o
ccoz

grap
h
for

f
c �
W
e
w
ish
to
sh
ow
th
at

M
is
lo
cally

con
n
ected

at
c
if
c

is
n
on
�ren
orm
alizab

le�

T
h
e
set
of
all

c
for
w
h
ich

�
�c�
is
rep
ellin
g
an
d
h
as
rotation

n
u
m
b
er

p
q
is
called

th
e
p
q

lim
b
of
th
e
M
an
d
elb
rot
set�
d
en
oted

M
p
�
q �
T
h
ere
is
a
u
n
iq
u
e
c
p
�
q
for
w
h
ich

f
c
h
as
a
p
arab
olic

�
x
ed
p
oin
t
of
m
u
ltip
lier

e
�
�
ip
�
q�
an
d
M

p
�
q
is
on
e
of
th
e
tw
o
com
p
on
en
ts
of
M
	
fc

p
�
q g�

T
h
e
o
re
m

�
��
��

T
he

argu
m
en
ts
of

the
rays

lan
din

g
at

a
repellin

g
periodic

poin
t
of

a
polyn

om
ial

�w
ith

con
n
ected

J
u
lia

set�
are

stable
u
n
der

pertu
rbation

�
L
ikew

ise�
the

argu
m
en
ts
of

rays
lan

din
g

at
a
n
on
�ram

i�
ed

preiterate
of

a
repellin

g
periodic

poin
t
are

stable
u
n
der

pertu
rbation

�
A

n
on
�

ram
i�
ed

preiterate
of

�
is
a
poin

t
z
su
ch

that
f
n�z�

�
�
�
an
d
�f

n�
��z���

��

S
u
p
p
ose

c�
M

p
�
q �
T
h
en
w
e
can
d
e�
n
e
�
n �c�
for
all

n
�
F
or
a
given

n
	
��
if
f
nc
�����

�
�h
ere

�
is�
of
cou
rse�
th
e
critical

p
oin
t
of
f
c ��
th
en
�
n �c�

rem
ain
s
con
stan
t
on
som
e
n
eigh
b
orh
o
o
d
of

c
in
M
�
in
th
e
sen
se
th
at
th
e
in
form

ation
of
w
h
ich
ra y
s
lan
d
in
grou
p
s
of
q
at
p
oin
ts
in
f
�
n��
�

rem
ain
s
con
stan
t
in
th
at
n
eigh
b
orh
o
o
d
�
In
oth
er
w
ord
s�
for
an
y
given

n
�
th
e
com
b
in
atorial

in
form

ation
in
�
n �c�

is
lo
cally

con
stan
t
in

M
p
�
q 	

fcj
f
nc
���
�
�
�c�g�

�N
ote
th
atfcj

f
nc
���
�


�



H
o
l
o
m
o
r
p
h
ic

R
e
m
o
v
a
b
il
it
y
o
f
J
u
l
ia

S
e
t
s


�

�
�c�g

is
�
n
ite�
sin
ce
it
is
a
su
b
set
offc

j
f
nc
���
�

f
n
�
�

c
���g��

T
h
erefore

th
e
in
form

ation
is

con
stan
t
on
th
e
�
n
itely

m
an
y
com
p
on
en
ts
of

M
p
�
q 	

fcj
f
nc
���
�
�
�c�g�

w
h
ich
are
each

op
en

in
M
�
N
ow
�
su
p
p
ose

c�
M

p
�
q �
an
d
�
n
�
f
nc
�����

�
�c��

T
h
en
�
for
each

n
	
��
con
sid
er

M
np
�
q �c��

th
e
com
p
on
en
t
of

M
p
�
q 	

fc
j
f
nc
���
�

�
�c�g

th
at
con
tain
s
c�
W
e
claim

th
at�
if
f
c
is
n
on
�

ren
orm
alizab

le�
th
en
th
e
sets

M
np
�
q �c�
form

a
n
eigh
b
orh
o
o
d
b
ase
for

c
in

M
�

C
on
sid
er
th
e
con
tin
u
u
m T

�n
�
�
M

np
�
q �c��

W
e
ju
st
n
eed
to
sh
ow
th
at
it
is
d
egen
erate

�i�e�
a

sin
gle
p
oin
t��
If
it
is
n
on
�d
egen
erate�

th
en
w
e
can
�
n
d
c
���

c
su
ch
th
at�

n
�
f
nc
� �����

�
�c
��
�an
d

su
ch
th
at

c
���

c
p
�
q ��
T
h
en

c
��

M
np
�
q �c�
for
all

n
�
so
�
n �c�
�
�
n �c

��
for
all

n
�
B
u
t
th
en

c
�
c
�
b
y

th
e
follow

in
g�

T
h
e
o
re
m

�
��
��

S
u
ppose

c�c
��

M
p
�
q
for

som
e
�
�
p
q

�
�
in

low
est

term
s�

If
f
c
an
d
f
c
�
a
re

com
bin

atorially
equ

ivalen
t
�i�e��

n
�
�
n �c�

an
d
�
n �c

��
have

the
sam

e
rays

lan
din

g
in

grou
ps

of
q�

an
d
n
o
n
�ren

orm
alizable�

then
f
c
�
f
c
��

P
ro
o
f�

S
tep

�
�
If
c�
c
�
are
com
b
in
atorially

eq
u
ivalen

t
an
d
n
on
�ren
orm
alizab

le�
th
en
th
ere
ex
ists
a

h
om
eom
orp
h
ism

h
�
C
�
C
su
ch
th
at

h�
f
c
�
f
c
��
h
on
C
�
h
�J

c �
�
J
c
��
an
d
hj

C
�
J
c
is
con
form

al�
S
tep

�
�
F
rom

th
e
ab
ove
an
d
th
e
h
olom

orp
h
ic
rem
ovab
ility

of
J
c
w
e
can
im
m
ed
iately

con
clu
d
e

th
at

h
is
con
form

al�
an
d
h
en
ce

f
c
an
d
f
c
�
are
con
form

ally
an
d
th
u
s
a�
n
ely
con
ju
gate�

so
c
�
c
��

P
ro
o
f
o
f
S
tep

�
�
F
or
all

n
�
sin
ce
�
n �c�
an
d
�
n �c

��
h
ave
th
e
sam
e
com
b
in
atorics�

th
ere
is
a
can
on
�

ical
h
om
eom
orp
h
ism
from

th
e
on
e
to
th
e
oth
er
�o�
of
�
�c�
an
d
its
p
reiterates�

it
factors

th
rou
gh

th
e
tw
o
R
iem
an
n
m
ap
s��
T
h
at
h
om
eom
orp
h
ism
can
b
e
ex
ten
d
ed
con
form

ally
ou
tsid
e
of
�
n �c��

an
d
arb
itrarily

on
th
e
b
ou
n
d
ed
com
p
on
en
ts
of
th
e
com
p
lem
en
t�
to
form

a
h
om
eom
orp
h
ism

h
n

from
C
to
C
�
T
h
e
h
n
are
even
tu
ally
con
stan
t
on
th
e
com
p
lem
en
t
of
J
c
�an
d
con
verge

u
n
iform

ly
on
an
y
com
p
act
su
b
set
of
th
e
com
p
lem
en
t��
an
d
are
u
n
iform

ly
b
ou
n
d
ed
on

J
c �
A
n
y
p
oin
tw
ise

lim
it
h
�
of
th
e
h
n
is
con
form

al
o�
of
J
c �
an
d
�
b
ecau
se
th
e
d
iam
eter
of
th
e
p
ieces

of
�
n �c�

an
d

�
n �c

��
go
to
zero

as
n
�
�
�
h
�
is
con
tin
u
ou
s
�su
�
cien
tly
n
earb
y
p
oin
ts
in
th
e
d
om
ain
lie
in

th
e
sam
e
or
ad
jacen

t
sm
all
p
ieces�

an
d
th
erefore

h
ave
n
earb
y
im
ages��

in
jective

�d
istin
ct
p
oin
ts

even
tu
ally
lie
in
d
istin
ct
an
d
n
on
�ad
jacen

t
p
ieces�

an
d
h
en
ce
th
e
lim
in
f
for
th
e
d
istan

ce
b
etw
een

th
eir
im
ages

u
n
d
er
th
e
h
n
is
p
ositive��

an
d
p
rop
er�
an
d
th
erefore

it
is
a
h
om
eom
orp
h
ism
�
It
is

a
con
ju
gacy

o�
of
J
c �
an
d
th
erefore

on
all
of
C
�


���	


����

�
��

F
in
ite

ly
R
e
n
o
r
m
a
liz
a
b
le
Q
u
a
d
r
a
tic

P
o
ly
n
o
m
ia
ls

�
��
��

D
e
�
n
itio

n
s

S
u
p
p
ose

f
c �z�

�
z
�
�
c
h
as
b
oth
�
x
ed
p
oin
ts
rep
ellin
g�
T
h
en
w
e
can
form

th
e
Y
o
ccoz

grap
h

�
n �
for

f
�
S
u
p
p
ose
fu
th
er
th
at

f
n�����

�
for
all

n
	
��
T
h
en

P
� �n
�
is
w
ell
d
e�
n
ed
�




�
J
e
r
e
m
y
K
a
h
n

W
e
say
th
at

f
is

com
bin

atorially
ren

orm
alizable

�w
ith
p
erio
d
n
	
��
if�

k
�n
su
ch
th
at

f
n
�
P
� �k
�
n
��

P
� �k
�
is
a
d
egree

tw
o
b
ran
ch
ed
cover�

an
d
f
tn����

P
� �k
�
n
�
for
all

t
	
��

W
e
call
th
e
m
ap

f
n
�
P
� �k
�
n
��

P
� �k
�
a
com

bin
atorial

ren
orm

alization
�w
ith
p
erio
d
n
��
If

su
ch
an

n
ex
ists
for

f
�
it
w
ill
b
e
u
n
iq
u
e�
an
d
in
fact�

for
all

k
�
	
k
�
f
n
�
P
� �k

��
n
��

P
� �k
�
�

w
ill
h
ave
th
e
sam
e
p
rop
erties

�m
en
tion
ed
ab
ove�

as
f
n
�
P
� �k
�
n
��

P
� �k
��
T
h
e
set

K
R
f
��

fz
�
P
� �k
�
n
�j�

t
	
��f

n
t�z��

P
� �k
�
n
�g
� S

i P
� �i�
is
called

th
e
�
lled
�in
Ju
lia
set
of

th
e
com
b
in
atorial

ren
orm
alization

for
f
�
K
R
f
d
o
es
n
ot
d
ep
en
d
on
th
e
ch
oice

of
k
�
so
it
is
a

w
ell�d
e�
n
ed
ob
ject
�given

a
ren
orm
alizab

le
m
ap

f
��

F
ollow

in
g
D
ou
ad
y
an
d
H
u
b
b
ard
�
w
e
d
e�
n
e
a
qu
adratic�like

m
ap
as
a
h
olom

orp
h
ic
d
egree

�
b
ran
ch
ed
cover

g
�
U
��

U
�
w
h
ere

U
��U

�
C
are
top
ological

d
isk
s�
an
d
U
��

U
�
W
e
d
e�
n
e
th
e

�
lled
�in
Ju
lia
set

K
g
of

g
b
y
K

g
�
fz�

U
�j�

t
	
��g

t�z��
U
��
W
e
say
th
at

g
is
n
on
�trivial

if
th
e
critical

p
oin
t
of

g
lies
in

K
g �
In
th
is
case�

K
g
is
con
n
ected

�
G
iven

f
c �z�

�
z
�
�
c�
w
e

say
th
at

f
is
geom

etrically
ren

orm
alizable

�w
ith
p
erio
d
n
�
if
th
ere
ex
ist

U
��U
an
d
n
su
ch
th
at

f
n
�
U
��

U
is
a
n
on
�triv
ial
p
oly
n
om
ial�like

m
ap
�
an
d
��

U
��
�N
ote
th
en
th
at
�
is
th
e
u
n
iq
u
e

critical
p
oin
t
of
f
n
in

U
���

W
e
h
ave
th
e
follow

in
g
th
eorem

�M
il��
H
u
b
��
w
h
ich
is
p
art
of
th
e
Y
o
ccoz

th
eory
�

T
h
e
o
re
m

�
��
��

�S
tra

ig
h
te
n
in
g
T
h
e
o
re
m
	
If
f
is

com
bin

atorially
ren

orm
alizable

w
ith

pe�
riod

n
�
then

f
is
geom

etrically
ren

orm
alizable

w
ith

period
n
�
an
d
the

J
u
lia

set
of

the
com

bin
a�

torial
ren

orm
alization

is
the

sam
e
as

that
of

the
geom

etric
ren

orm
alization

�

T
h
e
con
verse

is
also

tru
e
�b
u
t
w
e
w
ill
n
ot
n
eed
it��
if
w
e
assu
m
e
th
at

f
is
sim

ply
�geom

etri�
cally

�
ren
orm
alizab

le�
F
or
a
d
e�
n
ition

of
sim
p
le
ren
orm
alization

�
an
d
a
d
iscu
ssion

�
see
�M
c��

T
h
e
geom

etric
ren
orm
alization

s
th
at
arise

from
th
e
ab
ove
th
eorem

w
ill
alw
ay
s
b
e
sim
p
le
ren
or�

m
alization

s�
W
e
w
ill
u
se
th
e
term

ren
orm

alizable
to
m
ean
com
b
in
atorially

ren
orm
alizab

le�
w
h
ich
�
b
y
th
e

ab
ove�

is
eq
u
ivalen

t
to
b
ein
g
�sim
p
ly
�
geom

etrically
ren
orm
alizab

le�
W
e
w
ill
req
u
ire
th
e
follow

in
g
th
eorem

of
D
ou
ad
y
an
d
H
u
b
b
ard
�D
H
��

T
h
e
o
re
m

�
��
��

If
g
�
U
��

U
is

a
qu
adratic�like

m
ap�

then
there

exists
a
qu
asicon

form
al

em
beddin

g
h
�
U
�
C

an
d
a
m
ap

f
c �z�
�
z
�
�
c
su
ch

that
h
�g
�w
��
�
f
c �h
�w
��

for
all

w
�
U
��

It
follow

s
then

that
h
�K

g �
�
K

f �
M
oreover�

c
is

u
n
iqu

e
if
w
e
requ

ire
that

g
is

n
on
�trivia

l�
an
d

that
the

dilatation
of

h
be

zero
a�e�

on
K

g �

�N
ote
th
at
th
e
last
con
d
ition

is
triv
ially

satis�
ed
if
K

g
h
as
m
easu
re
���
In
th
e
case

w
h
ere

g
is
a

�geom
etric�

ren
orm
alization

of
f
�
w
e
w
ill
call
th
e
f
c
given

ab
ove
th
e
straigten

ed
ren

orm
alization

of
f
�Su
p
p
ose
all
p
erio
d
ic
cy
cles
of

f
�
f
c
are
rep
ellin
g�
T
h
en
if
f
n
�
U
��

U
is
a
�geom

etric�
ren
orm
alization

of
f
�
th
en
all
of
its
p
erio
d
ic
cy
cles
are
rep
ellin
g�
It
follow

s
th
at
all
th
e
p
erio
d
ic

cy
cles
of
th
e
m
ap
th
e
straigh

ten
ed
ren
orm
alization

f
c
�
given

b
y
th
e
p
receed

in
g
th
eorem

�so
h�

f
n
�
f
c
��

h
on

U
��
m
u
st
also

b
e
rep
ellin
g�
b
ecau
se
rep
ellin
g
p
erio
d
ic
cy
cles
are
p
reserved

u
n
d
er
q
u
asicon

form
al
con
ju
gacy�

N
ow
�
w
ith
th
e
sam
e
su
p
p
osition

on
f
�
w
e
w
ill
say
th
at

f
is
m



H
o
l
o
m
o
r
p
h
ic

R
e
m
o
v
a
b
il
it
y
o
f
J
u
l
ia

S
e
t
s


	

�m
	
��
tim
es
ren
orm
alizab

le
if
its
straigh

ten
ed
ren
orm
alization

is
m
	
�
tim
es
ren
orm
alizab

le�
�W
e
say
th
at

f
is
on
ce
ren
orm
alizab

le
if
f
is
ren
orm
alizab

le��
W
e
say
th
at

f
is

in
�
n
itely

ren
orm

alizable
if
f
is
m
tim
es
ren
orm
alizab

le
for
all

m
�
If
f
is
n
ot
in
�
n
itely

ren
orm
alizab

le�
th
en
th
ere
ex
ists
a
series

of
m
ap
s
f
�
�
f
�f

� ����f
m
�all
of
th
e
form

f
�z�
�
z
�
�
c�
su
ch
th
at

f
i�

�

is
th
e
straigh

ten
ed
ren
orm
alization

of
f
i �
an
d
f
m
is
n
ot
ren
orm
alizab

le�

�
��
��

R
e
n
o
rm

a
liza

tio
n
a
n
d
H
o
lo
m
o
rp
ic
R
e
m
o
v
a
b
ility

S
u
p
p
ose
th
at

f
is
ren
orm
alizab

le�
w
ith
p
erio
d
n
�
L
et

q
b
e
th
e
n
u
m
b
er
of
ex
tern
al
ray
s
th
at

lan
d
at

�
�
W
e
w
ill
con
sid
er
tw
o
cases�

��
P
rim

itive
ren
orm
alization

�
n
	
q

��
S
atellite

ren
orm
alization

�
n
�
q

In
C
ase
��
th
ere
ex
ists
a
n
on
d
egen
erate

critical
an
n
u
lu
s
A

� �N
��
ju
st
as
in
th
e
n
on
�ren
orm
�

alizab
le
case

�M
il���
an
d
fu
rth
erm
ore
w
e
can
�
n
d
M

�
N
su
ch
th
at

f
n
�
P
� �M

�
n
��

P
� �M
�

is
a
n
on
�triv
ial
q
u
ad
ratic�like

m
ap
�M
il��
�an
d
th
erefore

J
R
f
�

P
� �k
�
for
all

k
��
In
C
ase
��

�
�
�
P
� �k
�
for
all

k
�
an
d
�
�
J
R
f �
T
h
is
w
ill
m
ake
C
ase
�
a
little

h
ard
er
to
h
an
d
le
in
w
h
at

follow
s�

W
e
w
ill
�
rst
p
rove�

P
ro
p
o
sitio

n
�
��
��

S
u
ppose

f
is

prim
itively

ren
orm

alizable�
an
d
J
R
f
is

holom
orphically

re�
m
ovable�

T
hen

J
f
is
holom

orphically
rem

ovable�

P
ro
o
f�

In
th
is
case�

�

�
P
� �N
�
��
�w
h
ere

A
� �N
�
is
n
on
�d
egen
erate�

as
m
en
tion
ed
ab
ove��

so
if
P
is
th
e
p
iece
of
level

N
su
ch
th
at

�
�
�
P
�
an
d
P
�
P
c ���
�w
h
ere

c
�
f
���
is
th
e
critical

valu
e��
th
en

c

�
P
�
an
d
th
en
w
e
can
p
ro
ceed

as
in
S
u
b
section

��	���
an
d
in
fact

th
e
en
tire

argu
m
en
t
of
S
ection

��	
ap
p
lies�

so
L
em
m
a
�����

ap
p
lies�

an
d
th
erefore

L
em
m
a
�����

ap
p
lies�

i�e�
for
all
p
ieces

P
of
th
e
Y
o
ccoz

p
u
zzle
for

f
�QD

�J�
P
�P
�
�
�
�

W
e
can
also

p
rove

th
e
T
ilin
g
L
em
m
a�
������

for
f
�
as
follow

s�
L
et

L
�

M
�
n
�w
h
ere

M
is
m
en
tion
ed
ab
ove��

T
h
en
given

P
� �p��

w
ith

p
	

L
�
w
e
let

R
�

J
R
f �
an
d
let

Q
i
b
e
th
e

p
ieces

of
level

q
i
	

p
su
ch
th
at

Q
i �

A
� �q

i 	
���
N
ow
sin
ce

f
n
�
P
� �M

�
n
��

P
� �M
�
is
a

d
egree

tw
o
b
ran
ch
ed
cover�

f
n
�
A

� �r
�
n
��

A
� �r�

is
a
d
egree

tw
o
�u
n
b
ran
ch
ed
�
cover

for
all

r�
M
�
T
h
erefore�

b
y
in
d
u
ction

�
f
tn
�
A

� �r
�
tn
��

A
� �r�

is
an
u
n
b
ran
ch
ed
cover

�of
d
egree

�
t�
for
all

r
�

M
�
It
follow

s
th
at

f
L
�
q
i
is
u
n
ivalen

t
on

q
i �
sin
ce
w
e
can
�
n
d
tn
su
ch
th
at

M
�
n
	

q
i 	

tn
�

M
�
an
d
th
en

f
tn
�
A

� �q
i 	
���

A
� �q

i 	
�	

tn
�
is
a
coverin

g�
so

f
tn
is

u
n
ivalen

t
on
an
y
p
ieces

Q
i
w
ith

Q
i �

A
� �q

i 	
���
L
ettin

g
T
�
P
� �P
�	

R
 S

Q
i
w
e
�
n
d
th
at

T�
J
�
�
b
ecau
se
R
� T

q
�
p
P
� �q�
�
P
� �p�	 S

q
�
p
A

� �q	
���
an
d
A

� �q	
���

J
�
� S

q
i �

q
Q
i ��

J
�

T
h
is
com
p
letes

th
e
p
ro
of
of
th
e
tilin
g
lem
m
a�

N
ow
w
e
can
ap
p
ly
th
e
p
ro
of
of
L
em
m
a
��
��

verb
atim

�
an
d
con
clu
d
e
th
at
th
ere
ex
ists
a

K
su
ch
th
atQD

�J
�
P
�P
�



K
for
all
p
ieces

P
�
W
e
can
th
en
ap
p
ly
th
e
p
ro
of
of
M
ain

T
h
eorem

�������
given

in
section

��
�
b
u
t
th
ere
is
on
e
m
in
or
d
etail�

th
e
d
iam
eter
of
th
e
p
ieces

for






J
e
r
e
m
y
K
a
h
n

f
d
o
n
ot
go
to
zero�

H
ow
ever�

given
a
h
om
eom
orp
h
ism

h
�
C
�
C
su
ch
th
at
hj

C
�
J
f
is
con
form

al�
w
e
can
still
�
n
d
a
seq
u
en
ce
of
q
u
asicon

form
al
m
ap
p
in
gs

h
n
�
C
�
C
su
ch
th
at

h
n
�
h
on
�
n

an
d
on
th
e
u
n
b
ou
ou
n
d
ed
com
p
on
en
t
of
C	
�
n
�
T
h
en
�
b
y
th
e
com
p
actn
ess
of
K
�q
u
asicon

form
al

m
ap
p
in
gs�A
h
�
LV
��
w
e
can
�
n
d
a
u
n
iform

lim
it
h
�
of
a
su
b
seq
u
en
ce
of
th
e
h
n �
T
h
en

h
n
�
h

on
C
	
J
an
d
also

on
fz

j�
n
�
f
n�z�

�
�g�
w
h
ich
is
d
en
se
in

J
�
S
o
h
�
�

h
an
d
h
�
is

K
�q
u
asicon

form
al�
so
w
e
con
clu
d
e
th
at

h
is
alw
ay
s
K
�q
u
asicon

form
al�
w
h
ere

K
d
ep
en
d
s
on
ly

on
f
�
T
h
en
w
e
can
con
clu
d
e�
as
in
section

��
�
th
at

J
f
is
h
olom

orp
h
ically

rem
ovab
le�


���	

C
o
ro
lla
ry

�
��
��

S
u
ppose

f
is

�
n
itely

ren
orm

alizable
�w
ith

all
periodic

cycles
repellin

g��
so

there
exists

a
sequ

en
ce

f
�
�

f
�f

� �����f
m

w
here

f
i�

�
is

the
straighten

ed
ren

orm
alization

for
f
i �
an
d
f
m
is

n
on
�ren

orm
alizable�

S
u
ppose

that
each

ren
orm

alization
is

prim
itive�

T
hen

J
f
is

holom
orphically

rem
ovable�

P
ro
o
f�

W
e
p
rove

th
is
b
y
b
ack
w
ard
s
in
d
u
ction

on
i�
C
ertain

ly
J
f
i
is
h
olom

orp
h
ically

re�
m
ovab
le
if
i
�
m
�
If
J
f
i
�
�
is
h
olom

orp
h
ically

rem
ovab
le�
th
en

J
R
f
i
is
to
o�
b
ecau
se
th
ere
is
a

q
u
asicon

form
al
m
ap
from

on
e
to
th
e
oth
er�
T
h
en
b
y
th
e
p
rop
osition

�
J
f
i
is
h
olom

orp
h
ically

rem
ovab
le�


���


�
��
��

S
a
te
llite

R
e
n
o
rm

a
liztio

n

W
e
m
u
st
n
ow
con
sid
er
th
e
case

of
C
ase
��
i�e�
satellite

ren
orm
alization

�
In
th
is
case

ou
r
goal

is
still
to
�
rst
p
rove

p
iece�d

ep
en
d
en
t
d
istortion

b
ou
n
d
s�
W
e
ob
serve

th
at
a
su
�
cien
t
h
y
p
oth
esis

for
L
em
m
a
�����

�cf�
S
u
b
section

��	�	�
is
th
e
follow

in
g�

H
y
p
o
th
e
sis

�
��
��

T
here

exists
m
appin

gs
q
� �q

�
�C�

S
�
su
ch

that�
x�

C
�q

� �x
��

q
� �x
��
an
d

q
� �q

�
exten

d
to

qu
asisym

m
etric

m
appin

gs
q
�
�
������

�A
�B
��q

�
�
������

�C
�D
�
�w
here

q
�
is

orien
tation

�reversin
g��

w
here

C
S
�A
�B

�C
�D
�
is
a
vertical

slice�
as

in
section

����

W
e
th
en
p
rove

th
e
follow

in
g
lem
m
a�

L
e
m
m
a
�
��
�

S
u
ppose

that
f

is
�
n
itely

ren
orm

alizable
�w
ith

all
periodic

cycles
repellin

g��
T
hen

H
ypothesis

�����
is
satis�

ed
for

J
f �

P
ro
o
f�
If
f
is
p
rim
itively

ren
orm
alizab

le�
th
en
�
as
d
iscu
ssed

p
rev
iou
sly
�in
th
e
p
ro
of
of

���	��

th
e
h
y
p
oth
esis
h
old
s�
If
f
is
satellite

ren
orm
alizab

le�
w
e
w
ill
n
eed
th
e
follow

in
g
lem
m
a�

L
e
m
m
a
�
��
��

S
u
ppose

f
has

a
satellite

ren
orm

alization
�
an
d
let
�f
be

the
straighten

ed
ren

or�
m
alization

of
f
�
T
hen

J
f
satis�

es
H
ypothesis

�����
if
J
	f
does�

P
ro
o
f�

T
h
ere
are
tw
o
th
in
gs
to
p
rove�

��
If
J
g
sati�

es
H
y
p
oth
esis

�����

th
en
it
also

d
o
es
for
a
slice

C
S
�A

��B
��C

��D
��
w
ith

�
�

�
C
S
�A

��B
��C

��D
��
�so

A
�
�
D
�
�
���



H
o
l
o
m
o
r
p
h
ic

R
e
m
o
v
a
b
il
it
y
o
f
J
u
l
ia

S
e
t
s


�

��
If
J
	f
satis�

es
th
e
ab
ove
con
clu
sion
�
th
en

J
f
satis�

es
H
y
p
oth
esis

����

T
o
p
rove

th
e
�
rst�
w
e
�
rst
ap
p
ly
g
�
�
to
get
th
e
slice

in
P

 �����

P
� �����

T
h
en
�
w
e
can
keep

ap
p
ly
in
g
th
e
b
ran
ch
of
g
�
�
th
at
�
x
es
�
to
get
a
series

of
slices

lim
itin
g
on

�
�
T
h
en
w
e
can
m
ap

th
e
�
rst
h
alf
of
th
e
C
an
tor
set
to
th
e
�
rst
slice�

an
d
th
e
th
ird
q
u
arter

ofC
to
th
e
secon

d
slice�

an
d
th
e
seven

th
eigh
th
ofC

to
th
e
th
ird
slice�

an
d
so
forth

�
an
d
th
en
m
ap
th
e
last
p
oin
t
ofC

to
�
�To
p
rove

th
e
secon

d
�
w
e
n
eed
a
folk
resu
lt�
w
h
ich
relates

th
e
com
b
in
atorial

ray
�p
airs
for

J
	f

to
th
ose
of

J
f �M
il	��

It
states

th
at
th
ere
ex
ists
a
p
air
�a

� �a
� �
of
b
in
ary
strin
gs�
su
ch
th
at
if

t
� �

t
�
on

J
	f �
th
en

E
�t

� ��
E
�t

� ��
w
h
ere

E
is
d
e�
n
ed
b
y
E
��d

� d
� d

�
����
�

�a
d
� a

d
� a

d
� �
F
rom

th
is�
th
e
secon

d
step

easily
follow

s�
after

w
e
n
ote
th
at

E
�����

����
an
d
E
�����

����
are
b
oth
ray
s

lan
d
in
g
at

�
�
in
th
e
case

w
h
ere

f
is
p
rim
itively

ren
orm
alizab

le�

���

T
h
e
resu
lt
th
en
follow

s
b
y
in
d
u
ction

on
th
e
n
u
m
b
er
of
tim
es
th
at
f
is
ren
orm
alizab

le�

����

N
ow
given

th
is
lem
m
a�
w
e
ob
serve

th
at
if
f
is
�
n
itely

ren
orm
alizab

le�
th
en
L
em
m
a
�����

h
old
s
for
th
e
p
ieces

of
th
e
Y
o
ccoz

p
u
zzle
for

f
�
an
d
h
en
ce
so
d
o
es
L
em
m
a
������

N
ow
�
w
e
w
ish

to
p
ro
ceed

as
in
th
e
case

of
p
rim
itive

ren
orm
alization

�
assu
m
in
g
th
at

J
	f
is
h
olom

orp
h
ically

rem
ovab
le�
an
d
p
rov
in
g
th
at

J
f
is�
A
s
b
efore

J
R
f
is
q
c
eq
u
ivalen

t
to

J
	f
an
d
is
h
en
ce
h
olom

or�
p
h
ically

rem
ovab
le�
b
u
t
w
e
ru
n
in
to
a
m
in
or
glitch

in
p
rov
in
g
th
e
T
ilin
g
L
em
m
a�
b
ecau
se
n
ow

J
R
f ��

P
� �k
�
for
an
y
k
�
so

J
R
f �

P
� �k
�
is
n
ot
com
p
act�

W
e
can
get
arou
n
d
th
is
b
y
p
rov
in
g
th
e

follow
in
g
lem
m
a�

L
e
m
m
a
�
��
��

S
u
ppose

that
A
�
C

is
com

pact
an
d
holom

orphically
rem

ovable�
an
d
U
�
C

is
open

�
an
d
�
U

is
locally

holom
orphically

rem
ovable�

an
dQD

�A�
U
�U
�
�
�
�
T
hen

if
h
�
U
�
C

is
an

em
beddin

g�
an
d
hjU

�
A
is
con

form
al�

then
hjU

is
con

form
al�

�A
closed

su
b
set

B
�
C
is

locally
holom

orphically
rem

ovable
if�
for
all
op
en
sets

V
�
C
�
if

h
�
B
�
C
is
an
em
b
ed
d
in
g�
an
d
hjV

�
B
is
con
form

al�
th
en

hjB
is
con
form

al��

P
ro
o
f�

G
iven

h
as
ab
ove�

w
e
can
�
n
d
�h
�
U
�
C
su
ch
th
at
�hjU
is
q
u
asicon

form
al�
an
d

�hjU
�
hjU
�
T
h
en
�h
�
��

h
m
ap
s
U
h
om
eom
orp
h
ically

to
itself

an
d
is
th
e
id
en
tity
on

�
U
�
ex
ten
d

it
b
y
th
e
id
en
tity
to
a
h
om
eom
orp
h
ism

g
�
C
�
C
�
T
h
en

g
is
q
u
asicon

form
al
on
C
	
A

�
U
�

an
d
th
erefore

is
q
u
asicon

form
al
on
C
	
A
�
b
ecau
se

�
U
is
lo
cally

h
olom

orp
h
ically

rem
ovab
le�

T
h
en

g
is
q
c
on
all
of
C
�
so

hjU
�
�h�

g
is
q
c�
an
d
h
en
ce
con
form

al
�sin
ce

A
m
u
st
h
ave
m
easu
re

���

����

N
ote
th
at
th
e
b
ou
n
d
ary
of
an
y
Y
o
ccoz

p
u
zzle

p
iece
is
lo
cally

h
olom

orp
h
ically

rem
ovab
le�

sin
ce
every

p
oin
t
h
as
a
n
eigh
b
orh
o
o
d
th
at
is
a
sm
o
oth
cu
rve�

or
th
e
u
n
ion
of
a
p
oin
t
an
d

som
eth
in
g
lo
cally

h
olom

orp
h
ically

rem
ovab
le�

S
o
th
en
w
e
can
ap
p
ly
th
e
ab
ove
lem
m
a
w
ith

A
�

J
R
f
an
d
U
�

P
� �k
��
an
d
th
en
th
e
p
ro
of
of
th
e
tilin
g
lem
m
a
go
es
th
rou
gh
�w
ith

R
�

J
R
f �

P
� �k
� 
it�s
okay

th
at

R
is
n
ot
com
p
act�

sin
ce
it�s
still

H
R
in

P
� �k
��
as
in
th
e
ab
ove

lem
m
a��
an
d
th
en
w
e
can
p
ro
ceed

ju
st
as
in
th
e
p
rim
itive

case�
to
get
th
e
an
alog

of
L
em
m
a


���	
�an
d
h
en
ce
L
em
m
a

���
��

T
h
is
com
p
letes

th
e
p
ro
of
of
h
olom

orp
h
ic
rem
ovab
ility

of
Ju
lia

sets
of
�
n
itely

ren
orm
alizab

le
q
u
ad
ratic

p
oly
n
om
ials�




�
J
e
r
e
m
y
K
a
h
n

�
��

C
o
n
je
c
tu
r
e
s
o
n
H
o
lo
m
o
r
p
h
ic
R
e
m
o
v
a
b
ility

T
h
e
tech
n
iq
u
es
u
sed
h
ere
to
sh
ow
h
olom

orp
h
ic
rem
ovab
ility
cou
ld
con
ceivab

ly
h
ave
m
u
ch
w
id
er

ap
p
lication

�
B
ou
n
d
aries

of
Joh
n
d
om
ain
s
h
ave
b
een
sh
ow
n
alread

y
to
b
e
h
olom

orp
h
ically

rem
ovab
le�Jon

��
it
seem

s
th
at
th
ese
tech
n
iq
u
es
cou
ld
p
rov
id
e
a
d
i�
eren
t�
an
d
in
som
e
w
ay
s

m
ore
elem

en
tary�

p
ro
of�
A
carefu

l
ex
am
in
ation

of
h
ow
d
istortion

b
ou
n
d
s
are
ob
tain
ed
for
th
e

can
on
ical
m
o
d
el
m
en
tion
ed
ab
ove
su
ggest

th
at
su
ch
b
ou
n
d
s
cou
ld
b
e
sh
ow
n
for
m
u
ch
m
ore

gen
eral

m
o
d
els�
an
d
th
en
som
e
very

gen
eral

criterion
for
h
olom

orp
h
ic
rem
ovab
ility

cou
ld
b
e

d
escrib

ed
�
p
erh
ap
s
in
term

s
of
th
e
cap
acities

of
certain

sets�
T
h
ere
are
also

fu
rth
er
p
ossib

le
d
y
n
am
ical
ap
p
lication

s�
C
ertain

ly
it
sh
ou
ld
b
e
p
ossib

le
to
ap
p
ly
th
ese
tech
n
iq
u
es
to
ob
tain

h
olom

orp
h
ic
rem
ovab
ility

for
all
h
igh
er
d
egree

p
oly
n
om
ial
Ju
lia
sets
w
h
ere
th
e
Y
o
ccoz

th
eory

y
ield
s
lo
cal
con
n
ectiv

ity�
It
seem

s
likely

th
at
h
olom

orp
h
ic
rem
ovab
ility

can
also

b
e
sh
ow
n
for

Ju
lia
sets
of
certain

in
�
n
itely

ren
orm
alizab

le
q
u
ad
ratic

p
oly
n
om
ials
for
w
h
ich
lo
cal
con
n
ectiv

ity
an
d
area

zero
are
k
n
ow
n
�L
y
u
��
Y
ar��

F
in
ally�

I
con
jectu

re
th
at
th
e
b
ou
n
d
ary
of

M
is
itself

h
olom

orp
h
ically

rem
ovab
le�
an
d
th
at
it
can
b
e
p
roved

to
b
e
so
b
y
th
is
tech
n
iq
u
e
of
cu
ttin
g

n
eigh
b
orh
o
o
d
s
of
th
e
set
in
to
p
ieces

an
d
sh
ow
in
g
d
istortion

b
ou
n
d
s
for
th
ose
p
ieces

�K
ah
��



B
ib
lio
g
r
a
p
h
y

�A
h
�
L
�
A
h
lfors�

L
ectu

res
on

Q
u
asicon

form
al

M
appin

gs�
V
an
N
ostran

d
�
�����

�A
B
er�
L
�
A
h
lfors

an
d
L
�
B
ers�

R
iem
an
n
�s
m
ap
p
in
g
th
eorem

for
variab

le
m
etrics�

A
n
n
als

of
M
ath�

�
�
�������

	��"
�
�

�A
B
eu
�
L
ars
A
h
lfors

an
d
A
rn
e
B
eu
rlin
g�
C
on
form

al
in
varian

ts
an
d
fu
n
ction

�th
eoretic

n
u
ll�sets�

A
cta

M
athem

atica
�
�
�������

���"����

�C
JY
�
L
en
n
art
C
arleson

�
P
eter
Jon
es�
an
d
J�
C
�
Y
o
ccoz�

Ju
lia
an
d
Joh
n
�
J
C
Y
B
ol�

S
oc�

B
razil

M
at�

�N
�S
��
�
�
���

��

�"	��

�D
H
�
A
�
D
ou
ad
y
an
d
J�
H
u
b
b
ard
�
O
n
th
e
d
y
n
am
ics
of
p
oly
n
om
ial�like

m
ap
p
in
gs�

A
n
n
�
S
ci�

�E
c�

N
orm

�
S
u
p�
�
�
�������

��"	

�

�H
u
b
�
J�
H
�
H
u
b
b
ard
�
L
o
cal
con
n
ectiv

ity
of
Ju
lia
sets

an
d
b
ifu
rcation

lo
ci�
th
ree
th
eorem

s
of
J��C
�
Y
o
ccoz�

In
L
�
R
�
G
old
b
erg
an
d
A
�
V
�
P
h
illip
s�
ed
itors�

T
opological

M
ethods

in
M
odern

M
athem

atics�
p
ages


�"����
P
u
b
lish
or
P
erish

�
In
c��
���	�

�Jon
�
P
eter

Jon
es�
O
n
rem
ovab
le
sets

for
S
ob
olev

sp
aces

in
th
e
p
lan
e�

E
ssays

on
F
ou
rier

an
alysis

in
hon

or
of

E
lias

M
�
S
tein

�P
rin

ceton
������

���"���
P
rin
ceton

M
ath
�
S
er�

��

P
rin
ceton

�
U
n
iv
�
P
ress�

P
rin
ceton

�
�����

�K
ah
�
Jerem

y
K
ah
n
�
R
esearch

P
rop
osal
for
M
S
R
I
C
om
p
lex
D
y
n
am
ics
P
rogram

�
A
vailab

le
on

req
u
est
from

th
e
au
th
or�

�LV
�
O
�
L
eh
to
an
d
K
�
J�
V
irtan

en
�
Q
u
asicon

form
al

M
appin

gs
in

the
P
lan

e�
S
p
rin
ger�V

erlag�
��	�

�L
y
u
��
M
�
L
y
u
b
ich
�
G
eom
etry

of
q
u
ad
ratic

p
oly
n
om
ials�

m
o
d
u
li�
rigid

ity�
an
d
lo
cal
con
n
ectiv

�
ity�
T
ech
n
ical
R
ep
ort
��
S
U
N
Y
S
ton
y
B
ro
ok
IM
S
�
���	�

�L
y
u
��
M
�
L
y
u
b
ich
�
O
n
th
e
L
eb
esgu
e
m
easu
re
of
th
e
Ju
lia
set
of
a
q
u
ad
ratic

p
oly
n
om
ial�

S
ton

y
B
rook

IM
S
P
reprin

t
��������

�M
c�

C
�
M
cM
u
llen
�
C
om

plex
D
yn
am

ics
an
d
R
en
orm

alization
�
A
n
n
als
of
M
ath
S
tu
d
ies
�	��

P
rin
ceton

U
n
iversity

P
ress�

���
�







�
J
e
r
e
m
y
K
a
h
n

�M
il��

J�
M
iln
or�
D
y
n
am
ics
in
on
e
com
p
lex
variab

le�
In
tro
d
u
ctory

lectu
res�

S
ton

y
B
rook

IM
S

P
reprin

t
������

�

�M
il��

J�
M
iln
or�
L
o
cal
con
n
ectiv

ity
of
Ju
lia
sets�

E
x
p
ository

lectu
res�

S
ton

y
B
rook

IM
S

P
reprin

t
�������

�

�M
il	�

J�
M
iln
or�
S
elf�sim

ilarity
an
d
h
airin

ess
in
th
e
M
an
d
elb
rot
set�
In
M
�
C
�
T
an
gora�

ed
itor�

C
om

pu
ters

in
G
eom

etry
an
d
T
opology�

p
ages

���"����
L
ect�
N
otes

P
u
re
A
p
p
l�
M
ath
��

D
ek
ker�
�����

�N
S
�
S
�
N
ag
an
d
D
�
S
u
llivan

�
T
eich
m
#u
ller
th
eory

an
d
th
e
u
n
iversal

p
erio
d
m
ap
p
in
g
v
ia

q
u
an
tu
m
calcu

lu
s
an
d
th
e
H

�
�
�
sp
ace
on
th
e
circle�

O
saka

J
�
M
ath�

�
�
�������

�"	
�

�S
u
l�
D
�
S
u
llivan

�
B
ou
n
d
s�
q
u
ad
ratic

d
i�
eren
tials

an
d
ren
orm
alization

con
jectu

res�
In

F
�
B
row
d
er�
ed
itor�

M
athem

atics
in
to

the
T
w
en
ty��

rst
C
en
tu
ry�

����
C
en
ten

n
ial

S
ym

�
posiu

m
�
A
u
gu
st

�����
p
ages


�"
���
A
m
er�
M
ath
�
S
o
c��
�����

�Y
ar�

B
�
Y
arrin

gton
�
L
o
cal
con
n
ectiv

ity
an
d
L
eb
esgu
e
m
easu
re
of
p
oly
n
om
ial
Ju
lia
sets�

P
h�

D
�
T
hesis�

S
tate

U
n
iveristy

of
N
ew

Y
ork

at
S
ton

y
B
rook�

�����

�Y
o
c�
J��C
�
Y
o
ccoz�

S
u
r
la
con
n
ex
it!e
lo
cale
d
es
en
sem
b
les
d
e
Ju
lia
et
d
u
lieu
d
e
con
n
ex
it!e
d
es

p
oly
n
�om
es�

In
preparation

�


