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1. FL®IZ

BEFHWEIL, HMEOHREZHPFL OB —RA 250, e NNT VA%
RNTWTEHMEPENDZA S, Ll WENEZE U TWE Uz, U UEE T,
FDEDBFEDREI WD WELS KL 65N T, MEDH N ST ZiEN 5 N8
BLAHRF USREVWET. FEEzi-722 W5 2 & TY

XC, AMMREZDA—HF A —DEILII AN SIE ERIIFROME] L)
BPEZHEHEE LD, 2O0HEKRIZO- 5% T 2DIIMDFIZRDDT, D
I =TIV GETHRZERTETCEAELMENN D 2EFEAN ) VEHIZONT
(HBEOHREPSDDH D T) ML E Lz, EEAN VEH LT,

J = Jep: (2,y) v (2° + ¢ = by, x)

THAO6ND CPOLHAACHBEDZ L TY. 2IT(c,b) cCxCX IZZDNH#R
DNRFTA—=RERLUET. LTFTIE CxC* 2EEN) VEBRIFEDIN T A — X222
MERZ &IZUEL & D.

9, B ZORRICRIR R E U 2RO EE S FRDVBIEENDTUL & 557
ZOHE—DOHBE LTI, 1IRcOEZNFZREmII I TIIELLERLTLES
728, (RMZ & 2 TIE) HL WL 2o TWARLR S5 TS, <b L IRRAEEIC
HNWTATTIIW., T UTHE_OHEMIE, 2RTCA EDEEZEIIFRATINT A — X 72
EERTEDLIFEM—D I T AN, BURTIIEZEAN ) VEBROATH DLV HTT
22 UEBEFHIZDOWTIERDOH DR —DDFIAIEiEH > T, Blanc-Cantat [BC| 1
TARTOHFHME & Z DT X TOMNEHEHD )1 F R EERP R TEEITDONT
TmOANABIRIENEZZ L E L. ZOMfFIZO>WTIEERL £

W B R BEE R ICATHE BT ET. ZROEHEERRIZENEED N R—- TR0 %
BEREL, ZDOT7 VAR - 7V TRBFIZKERBSE %22 TE Uz, ZDRK, &dH > TIHMAKFHEY
MR TR I EDHWEERE LTI IS THEZ L. B UBILAE 27280 ZOMEERIC
HHEE DL VIR LTEIARE s TWEEAS LS, KERATRY EFHA. HRNEED
TEEEZLIODBRFOLET.
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UTTIE, 2IRCEBENFRIIB I D H7-2MEE2 RO 2 e s Mime LT
HIEFTIZZ L DBEWVERMBESNTVWDS
(1) 1 H¥F% /R
(2) 1IRIeHER /C
(3) 2RI HFER /R

D3IDIZEHLET. LT

/R /C
1 kot A XADRER B X ADHE
2 IRt CXADHEHE ?

DEIITHIET DRRVFONT Nz L &,

() A > C DIEEDHAE LS RT, B = ? BESHIRENLERD
b)B = A DSHOHS L2 RT,? 5 CREIDBRENLEERD

DELLNRD TR AZRT, ? IZADRZI WY RMEEARTET LI LIZLELED.
EHA0, ETOHEIZIORIZUTOVWHEEDR R DNE L WS DI TIERWTT A

2. A2
ZOFETIHET, HE 1 IRGTCHFERD 2 RLHA K
peizr— 2 +c (ceC)
IZx9 % Douady-Hubbard HlZaZ#f8M L E Y. B Z0HGHZBNTE2REVD &,
INDPERNFRDHEME N T A= REHDHNEZOMNIEEFEHT H7-ODBFAR
27256 TY.
HEmDOAlIRE D— N Tdh 5 Adrien Douady OHEF & LT,

“Plow in the dynamical plane and then harvest in the parameter space.”
EWVWS TV —=ADBHONTWET. I TETIIMZEME 0T -0 REES
FEHBLET. 2IRGERGM p(2) = 22 +c IR LT, T0AEHY 2 ) THEA

Ke={z€C:{pl(2)}n>o 1 C THHA}
T, ¥z p. DYV THEER

J. = 0K,
T, TNTNEDET. TNSDERIFINRNT A=K c DED [IZ &> T~ IZZ24LL,
FEAED c ITHUTIZT J 27 ZOVINRHRIREGE & B SO (D F 0o & 2

FEITH D EVWIWHE) 2Fi- 72881220 7.
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FIGURE 1. External rays (from Wikimedia Commons).

I K, OFIEAIC THEREBEUMER) 28ALXY. TITEXT, BEL
72ce CIZHUTIE 2] >> 1 BFRREVEE p(2) =22+ ¢ FIFE po(2) =22 D
KOTIRBED ZLITHERLE L & 5. FBE pe(o0) =00 EBWVWT p, 2 Y — ¥ VERMEIZ
LR U7z & &, oo DILfEDN O T NHINDRITHIREE ¢ T ¢e(pe(2)) = po(9e(2))
Zhi7-THDOPFEHELET. HIZ J, BNEELRGAE, ZOEREIERT 52 & TIRD
EHPFONKT.

Theorem 2.1 (Douady-Hubbard [DH1, DH2]). J, 2%#&E%R 51X, ¢ (F5F AT
¢.:C\ K, — C\D

T ¢e(pe(2)) = po(de(2)) ZHi7zSHDITHLRT 5. ULod ¢ (2)/2 =1 (2 = 00) 75
L2406 8T, TOLDR ¢ (T—EMN.

Remark 2.2. LB, J. PNEKERIGES o 1% p. DERFUE ¢ O £ TIXHLE
TEHZEPHIoNTWS.

PR T, #ifR {o 7 (re>™) :r > 1} Zf1E 0 € R/Z @ external ray & E T
(Figure 1 21).

pe DHERKITH D LIX, J, OB DEHETERINZFREEEH C >0 A>1 0
BELT, B®TD ze€ J, & v e T,CIZXHUT [|[Dp(v)]| = CN"[jv|| AETD n >0
THVILDILLERLET. 20L&,

Theorem 2.3 (Douady-Hubbard [DH1, DH2]). J. 2S#ASE 2D p. DMHEKHZR S I,
ETD 0 € R/ZIZHUT external ray DR .(0) = lim, 1 ¢, (re?™ ) A% J. NIZ
FEY 5.
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FiGure 2. Filtrations.

WX, 01,0, € R/ZIZHUT 0 ~ 0 & (1) = the(ba) EEDEL & D. T,
5(0)=20 M R/Z ED 2 f5AGHRELVET. T2,

Corollary 2.4 (Douady-Hubbard [DH1, DH2|). J. 2%#AEDD p. DLKENZR 5 I,
Gl b R)Z — Jo & 1$.(5(0)) = po(ve(0)) Zili7=T 2N 5. FICHE X Nr= AR
GBR o) oo s (RIL) ) oy — T & pei Jo— Jo ERANFFR 0/, : (RIZ) ), — (R)Z)] -,
EOMDOAHERE 52 5.

ZD R/Z NOFFERERR ~, 2 DWW T, HlAIX Thurston I2£27Ix—>3 VD
Hgw [T1] 72230 e UT, % < DBEGREWIELRD D £9. TOEKO—DI,
INTA=RZERIZBEIT S ¢ DALED ~ ICKMENTWERSTY.

TIEEN) VEBR [ = [, TEEEBLELELD. T, 0400 [ IXHEH
ZRIDOZLIERLEY. ZoeE

K= ={(2,y) € C°: {/*(z.y) }nzo 1& C* THH }
CRED, KT (resp. K7) % [ ORIAAIY 2 THEE (resp. BAREY 2 ) THEE)
CIFOE T, #nT
JE =0K*
EHWT JT (resp. J7) & f ORETAHY 2V THEE (tesp. /Y2 THEE) LIV
£, Bk
Jf = J+ﬂj_
EEDT, IN%E fOYa) TERELTWTET (Figure 2 2R).
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WIZ KT OFEET THFEREBEUMER] ZEALZWOTTN, fGimro
EOLINECP\KY TRERTET, J \KT THERDILWHEERVET. £/
Douady-Hubbard OEH Tl p. : C\ K, - C\ K, DETILELTp,: C\D— C\D
BEZT2DITTITH, T OZEMITH MR

Z(C = @(C\ﬁ,pg)
EEDEAD py DR B
pAO : E(C — Z(C
> TEDLOLNET. BARAIT, Ye IX Riemann surface lamination OFEE (DX 0
C DREELE Y F—VEEGDERZERED EDLETHOND) 2B T,

ST H B L 1%, J; DB BIETERS N2 R, J; EOBER O 75 iR
TC?=F o FE", B C>0&0<A<1PEFEHELT,

(i) Df(EZ) = B}y and Df(EY) = By ) for all z € Jy,
(i) || Df™(v)|| < CA*||v|| for all v € E¥ and n > 0,

(iii) [|[Df™(v)]| < CA"||v|| for all v € E* and n > 0,

MM THZ e eEDHET. ZDE X2, Douady-Hubbard HlEwD 7 Fa Y —2 LT
Bedford—Smillie 13X D & 5 &R 2 G £ L7z,

Theorem 2.5 (Bedford-Smillie [BS¢5, BSc6, BSc7]). J; ANEAEAD f AR 70
S, FMEER &p: J-\ KT —= Sc BEELT O4(f(z,y) = po(Ps(z,y)) ZATZT.
Lird &1 1 Se @ leaf /il (2 DA IFERMEEDTE L 2 ) (TIFER]

X5V a ) TEEDAMMKZRETIVEEZ 572012, IRD R
% = lim(R/Z, 0)

EFDEAD § OFEL EIF

5320 — 2
2EZET. DL

Theorem 2.6 (Bedford-Smillie [BSc7]). Jp ANEAEDD f AWML S | jdifse 72 25

Up:Yg— Jp BEELT, TRTD G e o 12X UT Up(0(0) = f(T;(0) AT
I 51T 91,92 € IZX LT 91 ~f 92 ~ \I’f(él) = \Iff(ég) CEDHET.

Corollary 2.7 (Bedford-Smillie [BSc7]). A& S NIzF@HEMER Tp/, : So/~, = Jy
& f i Jp = Jp EBIFER O/, i So/ny = So/n, LOBOAAHEE G XS,

2MEIHRX p AT LT, /8T A= XZEBIZET 5 ¢ DALEDFMBIFR ~. 12k

INTWELAE £Z2T
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IR+ Yo WODFMERILR ~; O—fikG 2 EHEE L. X oI2ZoRERERE f D5
A—REDFILERDIT X!

FIEZ DX ITEHFEN ) VELEMAEDERND 5 WIINAT Bl » SHR S
52k, 1999 FEDFRSC [BSc7) D £ W EELRH D FHATLURZ. ZOHHD—D
& U TR RERZ AN ) Y ELROBINEFEZ PO L WO ¥ ITons L Hvnxd.
&b TR IR ERE AN v BEBROBIDVFER S N 7=DIE, IROEFTLU 7=

Theorem 2.8 (Fornaess—Sibony [FS], Hubbard-ObersteVorth [HO], Ishii-Smillie [IS]).
PERINZR p. (IZH LT b 2340 013800 f = [, DRI, Lrdlol
I Jp = Jy & pe @(JC,]%) — @(*]67176) & ALARHAR

ZOEBIZZTY N - Za—ATHBLEGFIZNY R - Za—ATEHH EJ. o
o, FOEHOERAN ) VERIX, TONIFERVAREINZ LIRGTHIZ U2 S 20
#bf? ZDESIT, ZFONFERVAEIZ 1 IRGTTHTH S L 5B ERAN VER
DY FTARIKRD XS ’E%bib;o.

Definition 2.9. #HE AN/ VB4 fIT U THERNZ: p, BDEELT [ J — Jp
Pe : L( JeyDe) — l&l(JC,pC) ERfEFEAEE B & X, [ X planar TH D E WD . @R
D&GEH FARIZE R TTEE

HFEZRDIAREMNIZ 2 R56H, D F D non-planar 72 MHHEE N / VBB DEFETE T
RAFIZOE > THFRINTOVE LAY, UTFTOEMTHO TREIZRINE L.

Theorem 2.10 (Ishii [I1]). 3IRDEREAN VG [ (z,y) — (—2° —1.35—- 0.2y, x)
I DD non-planar.

ZOEMDY 2 ) 7HEAEITEFETIEH D £ A. KT Theorem 2.6 X Corollary 2.7
L, BRBDS D IRDERERAN) VEBITFERARRNZ L2 £9. £ T,
{9(0)42 SR EEZEZ LI L IZEHARTT.

IR« B2 non-planar 7% (FIRETHNIL 2IRD) HEN VEH{TH - T,
LR Y 2V THEREZFEDIDZRDIT L. I SITHREERLOIE, =D TEHRLIEZLLD
Bz fEd.

IHIZHEAT,
[ERE" : B THER U 72 BARGIIZE U T Hubbard tree [12] 2518 L, ~p ZIER .

11995 (2 TD E. Bedford KDFEE THIH THX [BScH, BSc6, BSc7] DNAEZKD £ U7
D#RMTIDL >R AaAMEBELTWAEDT, KEY av 2 %2%Z 3% Uk, Y, MOBELE X 57
REGEDSORADY Pz AF a3 viF, TV 7V ¥ FAHT WD -7 [BSc5, BSc6, BSc7] ®
HERTCHNTHELTAZ 2 TL. %bft@F‘n‘i%Eﬁﬁﬁb‘f:%T@i%’&dbtf&?, LEbNELE
(REZZBITTOERADPBOMETHL ST IFEE £ LK),
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FIGURE 3. Mandelbrot set ([M2] (Zh14E).

3. BHFRINT A — X2

BNWTHEHRNAT A —RZEMICGEEEZB L, T CNHEZEL I 2HEBLEL LS.

ETIRER 1 ZRDGRIZOVTERAET.
MOE{CEC:JC Cii@?’ﬁ:nh}

% 2MEBHNE p. DX VTN TH—HFEHE VWV T (Figure 3 Si{).

pe(2) =22 +c DY) TEEVEETRVEGE, ¢ 12 C\ K, £ TIFERTE 20
M p. OEFSFHE ¢ ETIHPETE 22RO NTVWELZ. 2D ce C\ M 2
LT dolc) DEEDET. CD& &, MOTEMSHZER L 35 2 — X B DML
DIEN 2R U ET.

Theorem 3.1 (Douady-Hubbard [DH]). XD TEEED AR
C\M" 3 cr—— ¢(c) eC\D

FEMAEEE 52 5.

FRIZ, fHZEEOGE L HERRIZ, ZOBHIZE > T MO OHESIZE external rays A3
EXRTEET (HU Figure 3 ). S oICEHEERREE LTRAFonET.

Corollary 3.2 (Douady-Hubbard [DH], Sibony). M (&#i#E.

Douady-Hubbard [DH1, DH2] £ & 52— 4 #AAA T, MLC (Mandelbrot set
Locally Connected) &IEENDIROE /2 FEEZRE L £ U7

Conjecture 3.3 (MLC). ¥ v 770 —%4 MO (ZFATERS.
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FIGURE 4. Yoccoz puzzle [M2].

IDYHEOEEMEIZIROCE NS LMD £

Theorem 3.4 (Douady-Hubbard [DH1, DH2]). LT 70 —H& MO 25
FrdASE 72 5, p, BIERINZ D LD NN T A =X c D2RIZ C THE.

il g rE DI — I U E 90 MLC O#ZEIIHEZLEES>DTRE4 DL LET
FIEE : MLC %iFHId 2\ MR &

EOFRUZX LT, Yoccoz (FIRZFEAL £ U7z (D7 1+ — )V AEZEHHD—D).
Theorem 3.5 (Yoccoz [Y]). Bt OM® @ “% < D7 T MO I RFTERS.

Z DRI Yoccoz /X X)L EEEN AN 72 FiEZ2 AW . #l 21X Figure 4 T,
70— VEBOERT Yy I)VHliERE £ DNEIZH D external rays Rij3 & Rojs %
ébﬁt%éésabﬂxugwﬁ@5@§ﬁ’&ﬁ%v&»nwﬂfw ¥— 2
IV ET. NS Z - = AMD p. 12 X 5EREZMASDERAIZETT S
Z & T Yoccoz [ FMHZEM DY 2V 7RG O FAHEGGEZGEA L, T ”%/ﬁ@ﬁi_m
EHoTZTDOEHRENT A —XEMIZBMLUE Lz H M2, Y]. ZOEHEOMIZE,
Lyubich [L], Shishikura [S1], Tan Lei [TL] Z#5&% < DX IZHEWT TREIED A
MR E R T A — R EHOBEL L L TOREREHZR/ZLTETHET.

—hH, BEAN) VEBR [, TREITLEIN? [, DY) THEEE J., & LT
LE EAN VEBIE [, DT AT O—EEE

M* = {(c,b) € Cx C*: Jop XA }

THZONET. LU LGOIy T 7a—%E MO L3RI, M* 1220
TEHROESZFHRINTVET.

Conjecture 3.6. M* (F#FE T2\,




FIGURE 5. Slice of M* by {b = 0.15} [DC].

FEE, O DERBERUZ L D M DATA ADRIMrNTHT, Thizk b e
MTEFE TR WL D IZRA 9 [DC, K] (Figure 5 & 6 2£2&). L2L CxC* @
MAEEL U THMEDE D NTREDORMRLMETS. 22T

A~ . ZOFEZIHHD D WITKEEE XK.

IT, L M DERTRVWET DL, TBIEOARX] ORDOVIZZRDFEZHEL
HIBRERDDET. ZZTET, MOLDBRERN) VEBDI T A%2EZEZET.
Definition 3.7. HHEA/ VEQ [, BN K= - Y a— THD LI, [.p: Jep — Jep
N7 NEMR o {A BY — {A B}y LMtk THEZ L.

Z U TCTHEN VEBRIE [ DT A=XEBTBT B HA—A - ¥ a—fHE%

H* = {(c, b) € Cx C*: [op AR AR—Z - ¥ a— }

LEDET. 2IMEERE p LU TH, po: J. = J. BV T NEH o {A BN —
{A, B} LM IC R D L &I p. BR—RA - Y a— P, [MRIZLTRNT A =X
ZERIND AR —A » Y a—fHE HO BEE D £
Remark 3.8. 2 RZIARE p, (2K U TIEZ0ME C= MOUHO DR D NLDH, HHE
NI VGG [y TN UTEERTER—R - v a—TbR0EI RV TELEN
BFHETLHDT, TDO/NTA—RZE/- Cx C* 1F MXUH* &—E LR,
BIRE o X IFEAE D 7

FiE H AEREICAR D L PR D EERM - BUERIRILIZE S W TWIRWD T,

AR TIEE H* FEFETH D L EL T (B H* Okl z —2EEL T) dhiz
EDHEL LS.
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0.6+

054

-2‘.1 -|2 -1Iv9 -1Iv8 _1'? -1‘5 -1.5 _1'4 -1‘.3 -1‘.2 -4 -
FIGURE 6. Slice of M* by the real plane [DC].

WE, —81 (co,bg) €EHX ZETLET. (co,bp) ZFmiL T2 H NONV—T 41T
MoTNT A= (c,b) ZENT L, MInT 2V ) THEE J., EHEIICEMLT
DEET. T2, 7(0) = (1) = (co, bo) RDT 7 1F Joypy DEEDANER ZED,
ZE {A, B} S ZNEHANDOAHEGTHoTY 7 MNEH o L AHIZRZ2HD
ZFELET. DLED L SITL THE SIS MR RE &

p:m(HX, (co,bo)) — Aut({A, B}*, 0)
HCDE/ N I—KEEWVNET.

Theorem 3.9 (Bedford—Smillie [BScg|, Arai [A]). p (XIEEIAREBIZZRD | KT HX
FHERE TR, T 514 p(m (K™, (co, bo))) FIERAHDIcZ S8

ZITRO LS BREEREZ SNET.
RIEE : p O p(mi (M, (cosby))) &R U &

Remark 3.10. 1 ZHZHADOHEG X, v T 2HERIMEHRIEIEHTH L Z L PER
DU TH SN T WS [BDK].

UFTI, ZOE/ FuI—REZF LRI L TEHEAN VE/BED H* 12
(HFEREEBEE UML) 2HATHIL2RAAET. ZDRDIT, =—T 1 v JHE
XN 2 {A, B} EOERY— R k(H) % Int(M°) OEEAEKS H ICHIGIEE
3 [M1]. HIZ X Main Cardioid Ti& k(H) = A, Basilica Tli% k(H) = BA, Rabbit T
& k(H) = BBA, Airplane TiZ k(H) = BAA 720 £7 (H U Figure 3 2 2/#).
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FIGURE 7. b= 0 and b = 0.005¢ [Li].

FIGURE 8. b= 0.017 and b = 0.02i [Li].

FIGURE 9. b= 0.03; and b = 0.05¢ [Li].
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FIGURE 10. B-herd for Hy;, [Li].

FIGURE 11. BB-herd and AB-herd for H; [Li].

AR T Lipa 12 & 2 BUBMAELZE [Li] ISOWTHIAL 9. M, b 2 KE< Lk
LEb=0TOYYTLTO—HEE MO WS cFETIRL IAZERZR2DO I —IT
SHEST DR % B b B & THUAERICTERR L £ L7z (Figure 7, 8, 9 ). 2D & &,
MO V1 BBS T BEL 7242 2 £ ZE 4 A-herd & B-herd & IFUNE S (Figure 10
ZH8). IRIZ, A-herd D328 2 BERE CTHBEL 72380 2 £ 4 AA-herd & BA-herd &
WA T, £72 B-herd 7% 2 RS T B L 72350 2 224 AB-herd & BB-herd &
ZTNZTNIECE T (Figure 11 22M). 72720, 5500 %2 A L4MIFTESLS

D% B LT 2 DH, FwX [Li] TIEERED ad hoc TE-E D L EHA.
12



BNT, p DX =7y bOZEM Aut({A, B}, 0) IZDOWTOHGEZHEMULEL & 5.
9 {A B,x} FOBRT7—FR w THoT*x%25br5E8—28LHDITHLT,

7w i {A, B} — {A, B}*

EMRMDEDIZEDET. 2 = (En)nez € {AB}E 2l o722 & w AD x ZRWVT
Sk -1 =W BB k€L PFELLS *« TSNS DFT ¢ ZRXFDHDIC
ANBZ, COLBBEZARERETCD ke ZIZHLUTHL THS N ERY] %2
Tw(e) E{A, B} ThHhobT I e LY.

Definition 3.11. W = {w', ..., w™} & {A, B,x} EOARY - FOEETENETN
FEx 2b L8 —DELETD. £72 1,0, Ty EAEWIZEBRDOEIZ D WT A1
ThHETDH ZDLE,

TwETﬂmo"’oTyl . {A,B}ZH{A,B}Z

W IroEE D compound marker endomorphism £\N5 . £ U 1y DY automorphism
5, FN% compound marker automorphism L\ .

WE, H % Int(M°) OFEZOXREES & U, H £ M°® O5HIIZH 2 Int(MO)
O % Hy,... H, LUET. £/ {A, B} FOFRT7—F v iZxfLT

w' = v k(H;)

EBWT Aut({A, B}, 0) DIG 7p = Tym 0--- 0Ty ZEDFT. ZDE X Lipa [Li]
FHZ < OBUEERIZEDVTIREFRLUE L.

Conjecture 3.12. U v € m(H*, (co,bo)) DY H P SHD v-herd % —/ET 2 K D74
W—TTHIUL, 71, .. Tom (FTRXTEHWIZAHZ compound marker automorphism
2780, 60Ty i ply) IT—HT 5.

DD ZOFRIL, p OFFMREERNPS HX 12 [HFEREBAEUZERE] 2526
N5ZrxFRLTVWEY. 22T,

R : herd DELRITHAE RE % 5- A, Lipa O P ZAEAE XK.

Z OREEIE, AR ZEENRZIZEMI N TV B herd 72 EOERDE #
EDOHBIZGEZTORRITINIERS WD, ) o¥Tthdr e BbhE
. UL ULZD— 5T, HEMTIIEREA/ VEHIZNT 5 Hubbard tree DR [12]
X iterated monodromy group O [[3] BASERRAOFEL £9. £I TIORRA
HEABOIEHZBL THEN/ VEHIHEOHZEE L N T XA — R ZE#EFHV DT DI L
W TEEOAX] RO LTI NET. &b, ER L7z herd DBEED X 512
FERZR A, = —F 1 V ZHIDES, Lipa D FEDEMLTERDZT DD TR, 2 ED
FREUZDWTIE [4] 22U TTF I,

13



FIGURE 12. Bifurcation curves in the real parameter space [EM].

4. EIFRNDERIIFRDIGH

COETIE, HENFREENFRIINHATZIL2FEAET. 22 TET, kixe
EEUE H OENFRIIBIIZ T IOV - L TESI—AY a—fHllE

He = {(c;0) € Rx R foples HMMHAZRA—A Y 2 —}

EZEELUET. TONTA—RFEEIX, 5706 40 4FI1F ERHZHO THIEIZBIZE S 1
¥ U7z [EM]. Figure 12 (ZH 28V FRIDAM DK E W EH WD Hg 25X L TWD
LFEZoNTT. C OERN/ VEBROMN &2 R? DEN ) VEHDIIFRAN LA
THILT, HRXIFUTOMEZGE L.

Theorem 4.1 (Arai-Ishii [Al]). Hp (33HHEH D HEREZFHEES. £72 OHr XX IHY
ZRARNTH i 7T

% 72 A2 Bedford-Smillie [BSg1, BSg2] IZM g 2R % 0] < 0.06 DEEITRL
TEY, TOFEEZBELTCETD IR IZHEBLAZE DD EOEFTY. ZDFH
DEEL ATy T UT, ROEFENDH D £7 (Figure 13 2 2 ).

Theorem 4.2 (Arai-Ishii [Al]). OHg D ERITHEIZET D (c,b) ITW LT, HHE
N VBB [, Y crossed mapping SefE & TS X D IREZHMBDENITEET S.

Z Z TlX crossed mapping & DEHZ TR FHAD, EOEMD 5L EHMABANT
DEBELTE - NEELHEROEE 22 PO — L TELIERMHVWET. TheE
HhROY—DEFHREMAEGDLEDL LT OHg TRIDZNDED XA THRETE,
Weierstrass D P CHZEHT 22 L THINT SEZENIEZRIT NI A—XES
PEBZEWDEHREZ T eDHHTEE . TZCRBOFIEEZHNS Z & T,

RIZE* : Theorem 4.1 % 3IROBEHE AN/ V' EMFRIZHRER k.

FEL, 3MOBEHN ) VEBIEIE 3 D085 A— R E DD ()] < £} N OH
AL RS BRVNDT, TOMSETAPBEIZARETL &,
14




f(Bse) f(Big)

| S S ) .
R S T e e SR (1) fwB;R)~///

-10 -8 -6 -4 -2 0 2 4 6

FIGURE 13. Family of polydisks (left) and its cartoon picture (right) [Al].

%A% Theorem 4.2 TRAR7ZLZEHMEDHEEZET— X - ¥ 2 —fHIBEOBER O IZ
HNFE U720, OHg DL DEFE/NT A —REEE2FANRLER L UTEERL M
RHvFd. 22T,

RIS . EOSEMBOMEE AT, HE/ST A — X GHHT D5 I A R X,

o aEM: & UTiE, IRICBRD EDIZA ML YY - T RIS 2 RXADETERI N
AEREDOHENDISHAPEZONET. TNEFHHT 272012, £FTIX1IRTTD
IS T HREREBREL &5, WE ce[-2,0) THLT y= 207 5 g e &,
pe DXE [—7,~] ~DHIR

pe: =17 22— 2® +c € [—7,7]
EETRTCOXEHEREZEDET. TDE X,

Theorem 4.3 (Jakobson [J]). p. DF/3T X — R ZEHINIZHIEPEORES E C [-2,0)
PHEELT, ce B RO p.: [—7,7] = [=7,7] & Lebesgue HIFEIZEE U Tl die
IRAAHERWE 2 F5 0.

ZOFEBDOA Y VFINVRAHIEIZWANAT 7 =V TH#HRREDTLR. LaL
Lyubich [L] X Shishikura [S2] &%, HENFERZHANVWS I L TaAVTF a7 IR
HEEIH%Z 5.2 £ U7z, KFIZ Shishikura DFFIHIX, Yoccoz /SN A)VD I EF h 1) 7 A%
Bk % IR ERNTIREET X TRETED AR Z BRI 2 KRZWKENLDTH O, Lrd
INT A — XL ORI OFHE® AREERIZ M EL £ U,

ZFNTIEEN VEROGEIZESTL LS9 ? LD Jakobson DEHIZH GRS

HRERE LT, ROTHEHIHONTVWET.
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FIGURE 14. Strange attractor [Hé|.

Theorem 4.4 (Benedicks—Carleson [BeCa). fERED 173 0 (235 b # 0 12X UHIEE
NEDES E(b) CR PFELT, c€ B(b) oI fop: R2 = R? EAREN p ORL
ELRRIR W (p) ED Lebesgue HIFEIZE U TR jefige 7o A 22T SR I EE 2 K5 D

AN MES We(p) EENETRISNTWERDR S ZHLWR A TDOT N T 7 X
T, LEVIEA LYY - T I 7 X EEENE 9 [HE (Figure 14 2).
FEClRZERZEEZRIZELDD L, RDEDITRDET.

R-method C-method
1-dim Jakobson Shishikura
2-dim Benedicks—Carleson ?

LU »*% Benedicks—Carleson OEH L Jakobson OEH & b BIZ (HHEIZ A DA
EWeiNiEZ WD) 727 Z 7V TRRGFEHIZEDWTE D, Shishikura D & 512
AV T FaTIVEMEIHE 525 2 LI KEREMERDETLED. £ T,

™+ GwX [Al] TR U 2L EHABOBEEERAN) Y EHD LV X)L 0 D Yoccoz
INZ)V & A7 LT, Benedicks—Carleson D&MD #EE SRR BIGEHZ 5 2 XK.

EUZDOMBERZETHEN-FREZLELNLDT, IO FORE T LD RMHEE
UTIREEITTHEET.

IR : G (Al TR L 22 EMBOEZH WS Z T, /NS W b IZXH LT
AEHA X 172 Bedford-Smillie DfER (] 21X [BSr3] DNER L) 2T XTD b € R”
IZHRRE K.
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FIGURE 15. Values of entropy and their Galois conjugates [T2].

5. ZHENEEE L < il 7 ahd

BRBIZZOETIE, ZZETOFEDOHENL T2 RIZTINEEN ) VEHRE
B U728 2 IRc P ROBIREVGEHE, Z L TA—F YL - U T )T 1 2zAHNW
ARTEMOAFER Iz DOWT, ThE Rz iz e BnEd.

5.1. Blanc—Cantat DftE. AFOHE 1 BT, MIRLERNIFRIIBVWT NI A—X

ZEENERTE D IZIEFME—DHRDPEEN ) VEZRTH D, ZDHIHH Blanc-Cantat

DX [BC) THDHedRE Uz, I TIITEESDFHSUIEEL £,
Sreghm X EZOMEHER [ X - X 1T/ UT, hFRRE %

M) = (fu : NS(X) — NS(X)) DARZ MVERFE

TEDEL &S, HDREDD & T, log \(f) 1ZIZFEREHRT &L S N7z RiAHFEE%
AEETHD [ OMNHEHZY PO E—IZ—HT2IBHONTVWET. ZZTRT
DF T & 7 D2 TONE LMD S % R THES

A={Mf): X FHREE, [ X — X ITWEILHR } C Ry
EZFL L. TS HE EOMNEEAHIINT ATV a7 M EMEBZIET
(Rog DHFAEEZDTTVIALBILLTLE>TRVWETY). 20L&,
Theorem 5.1 (Blanc—Cantat [BC]). A (& well-ordered, 2% D A ODEEDZETZRW
I EGITBNTERD.

ZTOMIZELSIE, A DF ¥y Ti2OWT, 7% D Salem P Pisot $x & o
IZOWT, WL D5 DEIRENFERZGTVWET.
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FIGURE 16. Orbits on real K3 surfaces of (2,2,2)-type [Mc].

—H, SR ERRIRD 3 EE DM THA 72 W. Thurston 13AERTREDF X [T2] T,
X EDTRTORMGIBELEOMMEA T bao—e ZoHhu 7 &% 7oy b L,
TNRR VTN TO—EEDI D RENR T IV XNVEERROZLERBLELX
(Figure 15 Zf). 2N 5 OFREROMNIGEZHIO T L K EKDPTEREDL L, RO LD IT
mhEY.

R-valued C-valued
1-dim i v ¥— Thurston
2-dim Blanc—Cantat ?

PAED S, IROMEEZ Z 5 O IXkE N Bbh F9.
RIRE™ 1 ED 7 12Y72 50 O %2 e k.

5.2. K3 HHE LOAER. K3 il X OFERHCHE f: X - X 526Nz e &,
X FOEZLZABMALAZVEH2RER Q 6B E2HBERZ QAQ X f TA
ZIZRDET. FRIZ X ® 2R EERINTVWD L, X OFEH Xg ~D [ Ol
fr: Xg — Xg WHRAZHEMZREST 2 FRITHRD £, ORI FRIEIKEA K
DEERTHEne &, HDERTERTOBIMLZHFZRTIEBHRET. UL
HRERERIIZ O S 2RHz20Wd), REBIROHL W S ATHLLEXD
TU & 5. FEK, Kolmogorov-Arnold-Moser R DIEFELR D K 5 R HEIFEAERIC
FEDODHREP W DKo TVET.

Figure 16 Ofzi% P! x P! x P! ND (2,2, 2)-BiHE DO FE B2 i\ 72 DTS [Mc|.
2T (2,2,2)-m X &, 2,9, 2 DENTIUIDVWT 2IROZHADELES %
P! x P! x P! NTHE%2 L 57250 T,  URIRSZF-20NIE K3 #imizies Z
ERHIONTVWET. 20L& X 25 xy-FH, y2-FH, zo-FHEANOHZITENE
N2% 1 ODIEHEL 25D T, TDT7AN—ED 212 ANEZHZ LT X ED
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FIGURE 17. Polyvision [MOIT].

3ODNE 0., 04,0, PENETNEEZDET. LTINS DEE
f=0400400,: X — X

N X EOEAACHMZTERZL 9. Figure 16 ® 3 D& I1E X OEHE AR Z D
ULS2Z 272507, il E Tl INEZESIX ] HOBIERLTE - RET LA
ERLTWSLHE bﬂi?.

ZD&57% K3 g ED I RIZDWTIEETH® S. Cantat 23R 72— A& T
HY,HD ICM BRFFEEHO 70y —F 1 V7 [C] ITIXHE BRI 7% & REBEE (A
%At < DB NITEMEH I NT WSO T, BIETEH 52 TETRI L.

5.3. VR ZAW 4 RTABIL. HEAN VEKFEOY 1) THEER Y VT T O —
A, EARBEMAND 7 Z 7 ZNVNRA TV 27 b TT. ZDX IR %2 EE
MELTWDE L, 2652 E - LEENIZATAZY, o L EHBRWIZHETEZ ST
AL U720, WO ARRIZER SN D L5122 £ L7, T2 THROETIE, FatD &S
IZAWRGEMAFIED-DDTaY 7 b2 W OEDTWET.

B—DA L UT, MADPOEFE K RFOREZ AR TIMKZOBIGIA) &
N—=F¥) - VT VU T+ (VR) PEMOEKRMHRE L 2OEREELLEO I V—T L
DHL[FEIT, Polyvision [MOI*] &5 VR &AWz 4 IRIGAALD 728 DT 8 A%
FI¥E L £ U7z (Figure 17 28). ZE ayzw-ZEMIZH 5 4 IRTTHEM % | vyz-2EH,
yrw-Z2MH, x2w-Z2 [0, ryw-ZEft], O 4380 O 3WTERITHFE L TEN%E VR /i
FRU, ZThoD55D 1 D% ERLUT VR ZRNTHEET S &, ZDEENE & D
ARTRBRYNHFGFS B> THEY D 3 DOEEHRIZEKING, & WS A TT.

EbIX, 3IMMOLTOHREXEY 7 b THS CAD D 4RI TT.
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Z U CEZORMAL, MIREE LEBIHZE L WD 2 008%EZHWZTE [II] TY.
ANEZBEMFRTCOBRITEREEZEL7-012, LA RTRPr 0 RHELZHVTVET.
SEFZEN S OHFTH MR E (ZIR» 556N LMEHERE GIRP S5F o N 5 A
ROV ZBITEE UTHIR T DM A) &EBHHAE (BEEPE N & ST
B SEVHEMIE A E BTSN KT 222 BTE e LTHET S
AHA) ITEEHLE L. £ L2 DDHEIC X 28T & AH 4 RG22 MN THNLIZ
BHE IHENE, sk TxF)] & T3a) 2808584 DOMA KA
(A LB FIENIZIX) RETE D2 iz £9. FEB VR iz Wb 22T
IN6 2DODMAIZLDHEITE [ARAMPMNIZARD XD TN TY) XLDEGAIEET
TNEAEI AL VR R TEELUCTHE S L.

7272 EERWT N OIS BIEEIT I TR @R b, 2o Ao 7 Ta—F
LA LEZONDTLED. I T, (HRENFROHMEL WO ARDOBED S 1
BED EANTLEVETA) IROMEZ LA > TR IZLznwe BnE g,

RIEE™ : A YOG R I AT E 5 VR FA1 ARBIRE &,

BE. COL O AHEABEOBALY G TTS > EIRADA—HF A F—DF %,
R SRR OD 5111 & AT RSB L % 7
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