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Rigidity of quadratic polynomials

Mitsuhiro Shishikura (Kyoto University)

1 English Summery

Let f.(z) = 22+ c be the family of quadratic polynomials in the standard form. The filled
Julia set is defined as

K. = {z € C| {f2(2)}2, is bounded }
and the Mandelbrot set is
M = {c € C| K, is connected } = {c € C| {f2(0)}s, is bounded }.

For ¢ ¢ M, there exists Bottcher function ¢, : C\ K. — C\ D which is conformal and
conjugates f, to fo. The external ray of angle 6§ is

R(0) = Ry.(0) = p; " ({re*™|r > 1})
and the equipotential curve of level n>1is

o7 ({ne*™ |9 € RY).

It is known that for every rational angle 6 € Q/Z, the external ray R(0) lands at a point
in 0K, which is either periodic or preperiodic. The landing relation ~. on rational angles
Q/Z induced by f. is defined to be :

6 ~. @' if and only if Ry, (0) and Ry, (¢') lands at the same point.

We say that two quadratic polynomial f, and fu (¢, € M) are combinatorially equivalent
if they define the same landing relation and the multiplier of the non-repelling periodic
orbits coincide. We are concerned with the following.

Question (Rigidity). If two quadratic polynomials f. and fo (c,c’ € M) combinatori-
ally equivalent, then are they equal, i.e., c=c’?

The positive answer was given in many cases: postcritically finite case by Thurston,
the case with non-repelling periodic orbit by Douady and Hubbard, non-renormalizable
case (or not infinitely renormalizable case) by Yoccoz. For the question restricted to real
¢’s, it was proved by Sullivan for infinitely renormalizable maps of bouded type, and by
Lyubich, Graczyk-Swiatek for unbounded type.

There are several consequences or equivalent statements.
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Theorem (Yoccoz). M is locally connected at c € M that are not infinitely renormaliz-
able.

Theorem (Lyubich, Graczyk-Swiatek). Hyperbolic maps are dense among real quadra
polynomials.

The question remains open for infinitely renormalizable maps which are not real. By a.
well-known argument due to Sullivan, it is enough to show that f, and f, are quasicon-
formally conjugate in the conclusion of the question.

In this talk, we propose a new proof of the rigidity in the case of non infinitely renor-
malizable maps and real infinitely renormalizable maps. The method will be explained
first for non renormalizable maps (Yoccoz case) and then we will explain how to modify
the proof in infinitely renormalizable case.

Step 1. Define the Yoccoz puzzle partition and make a quasiconformal map between
corresponding pieces at the first level. The map on the boundary of the pieces is canoni-
cally given by the construction. The dilatation is uniformly bounded by a constant which
depends only on basic combinatorics.

Step 2. Pull-back the quasiconformal mapping to higher level pieces in order to get
a refinement of the previous correspondence (which are approximation for the desired
conjugacy). The pull-back through the critical piece deteriorates the dilatation.

Step 3. It crucial to extend the boundary correspondence of the critical piece to a
quasiconformal map with a bounded dilatation. Let f and g be two polynomials in
question. Choose appropriate level n of Yoccoz puzzle partition, which can be arbitarily
large. Let U/ and U be the critical puzzle piece of level n for f and g. There is a given
correspondence g : U/ — QUY, and it extends to a quasiconformal mapping. At this
point, the dilatation of g is uncontrolled and it can be very large. We want to know how
the dilatation can be if we change @y keeping the boundary value.

Step 4. We formulate the problem in terms of the universal Teichmiiller space. Since U/
is a Jordan domain, it is conformally equivalent to ID. The universal Teichmiiller space is
defined to be

T(U’) ={(U',¢)| U’ is a Jordan domain and  : Uf — U’ is quasiconformal}/ =,

where (U',p) ~ (U”,9) if and only if 9 o p™! : U’ — U” is isotopic to a conformal
map and the isotopy is through homeomorphisms having the same boundary value. The
Teichmiiller distance is

d([(U, 9)], [(U",%)]) = inf{log K| there exists a K-qc map isotopic to 1 o p~'}.
Then the question in the previous step is to give a uniform bound on
d([(Ug’ <Po)], O)
where O = [(U/,id)] is the base point.

Step 5. Define a map o : T(Uf) — T(UY) via pull-back of conformal structure by the
dynamics. We prove:
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Theorem. There are constants C > 0 and 0 < A < 1 with uniform bound such that
(i) [(U9, wo)] is a fixed point of 0.

(ii) d(c(0),0) < C.

(iii) d(a(2),0(y)) < Ad(z,y) (Vz,y € T(UT)).

This will lead to an estimate we are looking for.

2 @RUBIC

BENEROMETIE, FEERORESHK (iteration) 12X 2HMBEORTLAEREESDMIE,
FLT, WA= 2B LE L EDOINOLDOEILEHET 50 BADEENFROMRNEER
RO REREEIL, ChONFRORMOMBELLLZAILNTE, SHICZON
MREEIZH2E0) —< EH (HEVIRFRETLIN) Dy i as—-ZBH EOHCERD
P BEIIBERLTWS, SOHETIE, TORFEHLIZVWLO»OER I22XRFHAIC
DNT) IZOWTHRHEL, BIREFIERITAN=XAIZDOVTRTVEZ,

IR, (A v E%E:, (H2RAMEBEFEENCE ) BVEERELENTLEIR
] LVIERTHED , WAWALRFMERROMAEHOETIOSELME) O T, (5 FMERLRE,
MV EMERAR) RIE WISV HETAI LTS, HlziE, HELIRTF—FX (BHEER) &
FTRTMSPFHTH 555, —BICREVCBIRAERICIIZ 52, Tbb, (M EME, Brs
FR) BT L v, ER, —20 F—FADOBITEED SV IXSEABELER L T DMK
FHCRIBTAEW N =S A3 LI ENTELL, ZOLHIBRERTIRTOIN—FAEBLIL
BTEL, (ZDL)BERLURDOLEEEZZAIONERTEIA LI T—RHTHD,) —H,
Mostow D EIfERIZ L L, —2o0a v 37 F 3IXRTHNHMBERELFEHELZS, FAORERT
b, Thbb, 2y b 3IXRTREMSHKEIIOVTIE, (FH, FR) BIESRLT %,

3 WEHER, D1VUTEE, 77 b —%85

Cry—<vamEl, f:CoCa2RED2ULOEBREKET S, f O n BERE f* T
£, f D77 bo—%E Ff x

Fr={z€Clz 0B334 U T {f"}e, #FHEH (b5 RERK) }

TEEL, TOMES Jr=C\F; 2V ) TRELIRS, V2 TEE, H2VIIEENFRD
— R B L LCiE [B], [UTM]2 8. 77 b v — K4 EES, Ya) TRERMAKET,
LY FICBLTAEREE LD, f PEHEAOL &L, FEV2LYTRE®:

Ky = {z € C[{f"(2)}2io ?"H R}

LEgT S, Jp=0K; kb T 2 TEAEOWES A(co) =C\ Ky BB oo I
PNETHE) %REIOR5,

Sullivan®5 ([Sul], [MS]) k&, 77 bo—REDEEERD (77 by —Bs) & f
CED) 2¢E, BRIICIE (EEELT) BHNICE2, 612, BEMZ7 7 by -5
e, SLUERREIME S REYE OB ACIET 54, 8T AR EOMEKE It
®ichb, AL 77 o -, f OBRRELEBEBCHEL TS, JITHRAERLI,
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RPN 1 1 T %bH (z#£ 00, f(2) 00 %6 fl(2)=0THhAHILLFHHE) Nt
Thr, Blzif, BRI WEAMIOBRFIFRICIE» 26T 1 HORREANHLI LML TV,
Douady & Hubbard[DH2)iz, V) — 7 Y RHELATER SN -FRRBECLHRNOMEL T 572
DIZh, R0 L) LREBEREGRENETILENH LI L 2IRB LA, U, U 2BEFHADOH
BEEEERT, UNPU ATHRa 2 b ThHHb0DLL, g: U — U’ 2EH|Zproper’s d 3 1
BEgtTsL%, g:U-U BdRBEFEAERTHH L), d=2 DL 2132 AEHRL
VI, FEHAILAY 2 FRICHE T L, ALRBMOBREZARERICL S, THEY2) THEER

K, = {z € UI{f"(2)}2 #EHTE, U KT 3)

T, YaUTKBR J, = 0K, CRESNE, U'\U REKMBREFIZR S, Douady-
Hubbard®straightening theoremiZ & hi¥, BEHERERIIFE CREDD 5 SHAEMR L At
TKThHY, CORBRERIBFAT, TEIVLYTERSLIILALHALZIAEAL DL ICL
s,

4 WAWA L R{ERE

COMTRBETERONRE L BVA VAL FEMBR L EET 5, f,g Y HENK (F135H
R) L5,

T 5258 0:CoCrdoT, g=pofop l kiraLE, fLogRtEThrind,
1EER o FEABR, BEAER (BR), MEXLREOAHERTHL L E, +heh, St

0:C—CrEaEHES, TRIZIAYIZER (1XTRER) 2250 T, SAKED
POYICAETRAEBELVoTh IV, f22RFEALTILE, D2 ceC H#dboT,
[ & 224+ i3%mitlk (EBRCIXT 774 YERTHR) 1052, f(2) =224, 9(2) = 22+ ¢
DEE, fLghEMrRES ci=c LhB. Thbb, K {22+ c} R2KRSERDSEHIR
BORERL L 5o

EH. Q0 2 CORMKELT 5. h: Q> QU PBEEMBERTHZ LT, h X EEOFMAT
by, BRROERD 1 BRI LL(Q) WRL, 58K 0<k<1HFELT

-Z:i <k (ae)
ERITIETHE, T, hy, hy BRROBRCORBUI TH 5, I, K =1 pHnT
hid K-BEATHEL L), V- VHALORSASRLEELAVTERTE 2, REAT
oV Tit [A]2H,

[, g B2REERDOL 312, HASDEFRBEEERELTBZH, FNHEMELT,

¥E#E (Douady-Hubbard [D], [DH1]). f(2) =22 +c &L, ZNFNI 21U PR IERT
H3ETB, COLE, EFABM p: A(oo) =C\K; > C\D (££L, D={z€C: |z| < 1})
TH-T, fEz- 22 DRBIES (ie. 2 € A(00) ICHLU o(f(2) = p(2)?) EL3bDH
BFET3, 0 € R/Z ICHL, {p 1 (re?™)|r > 1} £HE 0 Dexternal ray, n > 1 ICHL,
{1 (ne¥™)| 0 € R} £ KRF > v Dequipotential curvek FER, § K*YBFEMOEERN
DL &, AE 0 Dexternal ray BK; FORRHE -3 BHREAMRICEET 5, - REOE
RBYERAMA (BHENF 1 OXZRICEIAMPR) (SR EDL S Lerternal ray FHEET 3,
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b L Dexternal rays?i USICEREL T2 LT, ThoDMESRIBEETREZ5EIL,
[MAGhEREE] 28I T,

. f(2)=22+4+c,9(z) =22+ DE L, EBDETKEV L) THEAEIERTHL LT 5,
f &g PHMAEDERMETH S LI,
(1) 0 & 0 FHBIFFROFEKTCINSOMEIINT S f ICBT % external rays 2°F CAMA
WCEET A% 51F, g BT % external rays 2SF CEAMASICEEL, HHRILL,
(ii) f »* PEREARED L VEIBLEAPHESTE, g b£H T, TOEAFE BF) K
L, BbWLT 2
TEEWV),

PEDRMERFRORICIZEALZEHERISD 2, Thbb,

SMtE = BEARSR > MR = GAEbEMRIE

Thbo LIzdoT, TTTHECT A0, (MAHEbERME, AHKR) W%, (GHtE, %
Sml) WK, RSARE, FARR) AL ETHL,

5 4#4k3a15—%2/&ThurstonDREITE

IIT, BTLEEREI AT -2 GELIR[ALITIZH 2E#LTBI ).

EH. S kU —<rEEL. (S,h) % S ENDOY - EHLEFAB®R A S - S DML T D,
R (S, B) b —Dk B L &, RMERR (S,h) = (S, W) % [Bfghoh™!:5 - 8 #
HLEMERIZTAV VY Y] TEHT DL, Y1 IaT—ZEl%

T(So) ={(S,h)| SRV —<M. h:S,— S BRFATR}/ ~
T, #DLEDy 4 eIy —EgEx

e oy Woh 274V Y I %2
d([S, k], [S", I']) = mf{1°gK I K-BSaERrwiE(K > 1) }

?iiTéo~ﬁu7ﬂﬂmﬁi§ﬁwwﬁﬁ&§%‘Sﬁﬁﬁﬁ&%ﬁmki6£6oﬁ%ﬁ5
Bh:S — St BIERLICE-T, S 0%A#EEL Sy P LICHFET LA, £hid (—H&ICi3)
So L b lHol-BMmEELIZRRLLDTHE, EoT, ¥4 IaT—2EMI. S LEE
L) 2&EABENEEEA Y N —CoBTAZMELERS, S=D Lo/t &k, T(D) X
—Ee%oTLED. LAL,  DERFPERZHNELVWTAY PE—IIEZ LI EICTHRIE,
T(D) 3ERKRTTL %), BB ML IaT—ZBELFTN L,

yA4e3as—EHOBRLBALT, ROEEIREND,

£ (Thurston®Rits [DH3)). f, g £ ZDTRTORRRISEREMEE L ORERAMY (1
K|ARBEIER) &T53, ERCHHRLAN REHECHFEMTURIEE ERUE L f & g L
HEARLES., ThOoRER#BETHS, ThbL, NI FTATE, (i, FA{E) AMEY
BT 3,

COEEE, REOREFREOSEEEICET 2 EROBKEHETH D, EHICIR, V-
YES LT, Chbf OFTRTORREOMBMELZBRV2b0EEL, FHEHEER f 12X 5%
HEEDSISRLERY T(S) CHEL, 20BH MO ORHEOME—HLEE, Zhitl
DREMEICHIET B L) BELRED , B, FIXRLER o5 : T(S) — T(S) 0FsM/hEi,
T(S) DRBEZEMTH 5 ARSER 2 RS ORE~OERH LR ZLICL o THLNE,
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T FEEY f:C— Cid. BBRAOUENDH %S EMBEICDET S L &, Rl
’iIh 5,

WMMERIY. BEHELOHTH oL b I bPoTWVBEIFATHE, HzIX, L LER:
TALXETH, Ja) TESIRIILALELEZVL, bEDEHRL, ERICHCRHEOT THRE
W2k h, (MEREN) /2. BEHERICIZEHALTRT, P2 TEEONTRAFVT7THELR
PIZOWTHLHELVWEREGPoTWAE, SN ) LERIBEENFROSFT [RI] 5L TFH
IhTwa,

F18 (B OWBHE). WABERIE. XM d > 2 OHERNLE (53 RIBHAXLHE) OF
TH®ETH 3,

ZOFHRIR. KB2 NDEFERICH- TORBRTH 5, KB 2 DEFEROBAIIL, fo(2) =2%+c¢
PRMBEL 2L % ce CHPRAETHS I LEREREV, ZOFHRR, UTCAXS5MLCT
BEERCHEL TS,

% 2KREER f(2) =22 +c DT 1) THEEE, TOBRA 2 =0 OBEIERKICRES
ZHERICEEIBLCELT, SAERLEEL o), ERELREL B0V T H, 7V
Fhvsu— MEE%

M = {c € C|J;, #5848} = {c € C| {f2(0)} ?HR)
LEHET S,

F# (MLC. v>7070- tREORMEENE). v>FLr70— 1 RE M BEMEETH
3,

% (Douady-Hubbard [DH1]). ¥ L. MLCFHEFIEL T hiE, 2 RBAXDH TR
DHORIAMEBTH 3,

ZDERDERIZ< Y TNV 70— MESOMA S DEEREICET 5 Douady-Hubbard DEERH 5
FHEhS, COBRTIX. CHOEREI NI MEATHALT TV TU— FEEIIDOWTH,
external ray®equipotential curve* E# L. ChHDHAGDOEIMEL., FETHTV 1) TH
EOFNEORICBRATERTH LD TH S, TN 2 kEEROMAEHEEMEIC X 538
1. M Dexternal raysiZ & AFFIIIEL TV 5, EOZODOFRIZRD LS ICEVWRZ bh 5,

TR, 2 RBAXOD TRV OBEMER . QY 2 XBAXOHAE D EREBEIARED L
BWCEERETH 3,
MLC¥#is. N 2 XABBEAXOHASHLRABERNF 1 RTHIZLLRBETH S,

f€->T. MLCFELRT I, JERHE 2 RFFROVWT (lASbERME, FAKLR) W
HHVZ T, MLCTFEIWRENS I LTk b, EiXEHIT,

T, WA 2 ABBERXICOVWT (MAEHERAM, HBEARE) MEFrVAhE MLCFEY
&17 -8 [Su2]
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CHURRD & 5 ICBEATE AV -SullivanDiiEIC X W iREN A, 9. ZOoOHRLESL 2K
HERS(2) = 22+ c1, 9(2) = 22+ o PREARBZETH D LT 5, HEEBRE w=09(2) LT5
L. BEMEHR OB ER LI, |dw|? = |p.dz + 0zd2|* ~ |dz + p(2)dz|* (72721, p(2) = £)
LEAREICE Y. ||u(2)|lo <1 %Bo f#g & u(z)=0 w&t&h%&woAEC?‘
Me(2)]loo <1 EHBbDELB L, |dz + Au(2)dZ|? & f TRAEZTREELEET 55
WY — = Y BRERIC LT, Ckhh+Ama@P%ﬁ%ttbobu—vzﬁmt%ﬁﬂﬂt
Zh., fREFOLODENESRZFET L, hid, 2RFHRNOEEZLTVWEEEXTIVRG,
COREICIY ., f LBEARBLEERN 22 +c(\) PBEONIT LITh D, ThE f OREAR
BEvido $IC ¢(0) = ¢, c(1) = cg TH B, c()) IFITHTH Y EHTLVOT, £hiCkD
(A < 1/]|n(2) ]|} PBIZFAERTH S, ZTh 5, |

SHE. 2RBBERX f(2) =22 +c OPT. SREARBAERR I RPELIAKETH S,
[Su2], [MS]

-‘ﬁ\
#WE. A 2 RBEXDOBEAEH L FEERIIPAKETH S,

ZIhb, LEREEEIRINSG,

Dz, FEREEL 2 «kglﬁf}f(z) =224¢clZ2o0VT, EDXI)BEHEDODL L TREARK
FEOLNLIPERTVI ), BEEIFNHNLZBERPRERARLZHE. BUEABSZ D54,
(HAShEREE, BEMILHR) BMIcoWVTid, Douady-Hubbard¥IiZ L h B AbHMbHhTW
720 BIEIZRADIIFNUSNDIBETH 5,

7 Sullivan® < V) & #¥B5%

EH. ccROLE, 2REBER f(z) =22 +c REMHPOZNAFOEREERT 5, [ AF
<U:&ﬂ%tu‘E%ﬁkzzt‘ﬁﬁﬁx:O%W%tﬁﬁ%mﬁlcRﬁﬁELf\
A cI oI f(), -+, fF ) MREPHATEDbLLVEHIICTELILZ V), k 2L
D ZAHDOEH. ﬂh LaI%(DbAtwoo

ERBEORM kb <ky<--- <k, <. LR LT ) CATEROR, ERE ) ZATRTS
BEVH, 61D E, {k,} 2f DTRTOLY ZADEIE L, kpy1/kn DERLZOLER
ﬂfﬁ)bc‘f,‘l")o

£ (Sullivan [Su2)). EREOERE V) T AFTRELR 2 RBBRICOVWTIR, (BAEDE
B, FAHE) BMEIHRILT S,

ME TR X I IS CTRBSEAK T TREETTITH S, EHIC, £2RFER f,g 22
WTit, L f, g N HAGDOERED L 212, HLEIHHEHR A RORPEFEELT, R f,
g DEBERADOHBELETORBEEEL DI LOAEFRHITFTHE, GIZRLOKEK) T,

. MELROFAMEER h: R - R EEHEIE. 25 M >13¥H-T,

1 _h(z+t)—h(z )
M h@) —h@—1) =

BEIRTOD Lz e€R EL>S>OICOPVWTHILTAI LR W), T, ZOL&HBIER. h 25 Ch6EN
HENOREABRIHETELILLAMETHLI LML TWS, [A]

<M
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BREONYE L TORBZEELZ LIE. (W ZAHENAXM I, L2DE1L I, ..., ff1(I,)
BANFICR o - RKBOEXZELD, FREGAT vy FTTLIL—RBERGEEL L DO XHWT
B SNb, (ET7 7Y A)5FMH)

Sullivan[Su2] R & HICZ 2 HEA T, [MET7 7)) A VEHE] 2R, V- VHEE»H% 5
»HMEDlamination®¥ E X, FRICHVWTHEIA LI 25— 2BHEERL. Y ANENT S Y
AIas5—ZROHACEROHMENS Y ZADINEIZHT IEREH TS,

8 Yoccoz®OR/MEGEHEICRET 5GR

—%. RO ) ZARTRELZERZICOWTIE. Yoccoz ([Y], [Hu) <& 2B LRI D5,

EH. EE2REZER f(2) =22 +c KNV THTREL IR, BREE>2 L. BRE 2=0 %%
CEBR U CU PHELT. ff ORIR ffly: U - U’ »B2KABM@ICL Y, LASTKHEY 2
U THE Kpr)y) PRI LRV BECEREC Y ZATREIZOWTIX, EOBEL
Iﬁlﬁ‘:ﬂiﬁfg 5o

£ (Yoccoz [Y]). f(z) =22+ c RERLZ1UTPEEE LS (ce M), TXRTOAMAK
(ocoll4t) BRBEMT. KREIK Y ZHAIEETREVET S, CDEE,

(a) Jy BRAEETH 3,

(b) M i3 c TRAMEETHS,

ZFOFEHTIX, J. BEIU M 2 ABRROAKE Dexternal rays (B & Uequipotential curves)
THHEL (Zn3# % Yoccoz puzzlek 2 9) . EDHFHOERFHFHEMMLTHLLLIC
EBINES LB EETEHL TS, Tohb, LREEEROEAB LW TERD Y 5 XTI,
MAEDERE, SA1E) RBENRLTIILdbhsd, ALTATFTT7T2ELICEDT, KER
TENTED,

£H¥ (Lyubich((a)®#)[Ly], ®*&[Shl]). f(z) = 22 +c REELE T2V TR %E b D
(ce M), TRTOEMR (ool BRRMNT. BWEEIC V) CHRIBETREVWETS, TDEE,

(a) J; D2 RTNN—TREIL0TH B,

(b) LERAHESRLT cc M OEED 2 KT~ THER0 TH 3,

YoccozD kit 2 REHREK 22+ ¢ DRO Y ICHRDE 22 +¢ (d > 3) TEEM2 5 LEH
L& < &OT Li ))o

9 Lyubich, Graczyk-SwiatekD#R

END 2 RSBV T b MBI OREHRIZEH S DRI TH 72, ZHIZDWT Lyubich[Ly],
Graczyk-Swiatek[GS1] DS BA#E B I MRH L 720

732 (Lyubich, Graczyk-Swiatek). 2 BB f(z) = 22+ ¢ (c € R) OFTHEHED
HORBETH S,

ZOEHIX, 6HoL X LFERIZ. KIOHED
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F3F (Lyubich, Graczyk-SwiatekOBIMTER). R2RBBX f(z) = 22+¢y, g(z) = 2%+,
(c1,c0 €ER) MERREIC V) ZHAHETH B ET B, L. f & g ¥HlAEHERELS. Th5iE
BMHRETH B,

Thht, EEREC Y ZAHRBELRE 2 XBERICOVTIR. ASHERE, BMFHFAR) At
PRILT S,

Sullivan?BEIC. ARBECOVWTRERLZHLTWADOT, MBRIFEARBMOEKETHS, =
DEEiF, ) ZHEYDF {k,} AL kpy1/kn PFEECKELSRD L) % n FERETT
{Bo FOBICIX, KD ZARICHETARM I, & I, DHIFEEICKEC L), EOETOERN
Btk OB ATIE L % 5, Lyubich & Graczyk-SwiatekiX. Yoccoz puzzle® #-UHIZRFIIIN§
BEF2T5ADKRBMWAZRTILIZE - T, ZORELRBIEL 7,

72250, T OEBICHT A2 EF 25 AOKRBMMKA] 3. K 22 +c 2HXROEK 24 +¢
(d>3) TEEHELECE, RILEWI EFbho T, £L T, LOZOoDEHRIIFEXK
DEIZDOWTIX, REBRTH 5,

10 E¥EX41EIa5—-ZREAVIAE

HHORMEERIZ. 2REERICHTL2—2ONBEELIELTH L, TOFEVBROEISE
BLWwWZE, FLTHFHBEE D VEREC LY, FOURMFEINR TV, KFEHT
2. EBI A eI as—2EEAWT, WHORMERLERT S HEICODWTRENRTZV,

9. RDEHBHEET I A YFFEIHS TV D, $¥1ZSandsDFER Il E,

## (Levin-van Strien[LvS], [LY], [GS2], [Sa] ). ®2RBEX f(z) =2°+c (c€ER)
PEFREIC V) ZARIBETH B LT3, TDE2RKRE LTDL W I HDF {frr|y, : U, - UL} IS
D2WT., ZNEXBB| U\ U, DEF251RBTHS—RICFHETE 5,

TH O TEEHFEREESL I LTI, RERZET IV DD S,

EIB (— R & OBHRESh2]). W2RR f: U — U <N HAETHBE L,
{f¥ly, : UL = Uj} E2OBADNZHET D, g: V- V' bR2RBI|T, f cHED
CRETHEBL TS, COLE. BEATR o: U — V' HIFEL. ¢ 1 Uy BSHTE f 25 g
DHFETHB, Thbb,

pof(z)=gop(z) (z€U\U)

EBIC, p DREATR K B, f &g DEXAMU'\U, V'\V OEF25XICOBEFL.
KW ZHORME EICIREKELEV,

CICEERDOIBSATERO—MFME T, ERECY TATREER f 5200 E, £0L
D ZARDF {fn|y, U, — UL} 3L, COEBLEA LT, —#EHEN X ORI EMED
FREMAEDLE T, FREAOWIE LOBSHRZBET LD TH LS,

BROEEOTEHIZIIRDIIICERBI A LI 25 —2HIFATES, f L gIlOWTELE
N Yoccoz puzzle 2 K 5o PuzzleDAHit ¥ — ARLEOMICIIA % L R ETREREIC
Phb, MERIIANE-AONEE TEXRO ML b ORFATRICHERTEHNE) H
THhb, 7. U (FLT g KL THIET S UY) i Yoccoz puzzleDE—ATHH L LTX
Ve b Lb. BARZERNIE : OUS — U9 BZORH~ K-REFAGHRE LTHRTES%25
(HFETELTEINVY), FREZZDOE-RADHEI B [FIERLT] W Zkitky, EHOFE
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RO L) B EIMENR, FOERIZ K OAIKET A ENbI D, LizdSoT, LgidiE
R DIWRDAIZERT S, DLAASDERTIE K 20T TOBED v,
BRI : OUS — U9 DERDBEMUIRIX, U (~D) DEBI /L I 252K

T(U') = {(U', )| U is a Jordan domain and ¢ : U/ — U’ is quasiconformal}/ =,

(772U, FMERRR (U, p) = (U", %) &, Yo 1 : U - U" BREZRO/1V N —TEAE
BITERTELILLT D) D—2DF [(U9, o)) 2 EHT D LICHEET S, ERTO—#F
fli% 59 ik, SOTEPLE O = [(UY,idy,)] LDF 1 a5—FER d([(U?, po)],0) D—Hk
FHEAI RO MNIZ XV DTH S, 8T, WY A LI25—20 T(U)) Oz 48R UM Lo%s
BEDRELEZHILIZLY, fILIASAMEDT I ERLIERTES, f HIHERLE—X
TORFIERL TV L, TENMBUUS TCROTET, U OF LW SARELEHRT 5, +
kbbb, COFERLIEEI ML Ia5-2ROBCER o : T(US) - T(UY) 2 5% 5,

(U9, po)] l2DWTit, ZOMEDS 0 OFRIEL 25, ZOBRICOWTROFENE SIS,

EE. f & g OERABRDEF 15 AOAEETIEMC >0, 0<A< 1 F¥H>T.
(i) [(U, po)] & o DFBHA.

(ii) d((0),0) < C.

(iii) d(o(z),0(y)) < Md(z,y) (Vz,y € T(Uh)).

DEROBEL ARSI T TOERE d([(U9, po)], O) D—RFFEBONBEZ LIk 5B,
WMEDTERIL, ()Xo Tid, o DML, HEBY 1t I 2T -EHOEHES, LB, (i), (i)
2WVTi, 8 fiTHYoccozNMAELEEi%. 0 DAEERIZHEAT A LIZL-THELNS,
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