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GHRERE LD T v L — 7
EIF Ffe (REORY, AAYAHRIARHIPIEE PD)

i S DEMREREMCG(S) D ED I v ¥ L0 4 —0%EZDL, S LI A —7IC
IO T UL ICEBEEERT DI ENTES, bIVLIEMHICES &, 7V 7L
ICHEHEZ 2L TS BBREDI 2142 2 L TE S (BGUREBE DT E D ISR
THERIND L) BHHA TR VLI EICHEET 2) . ZHUck D, SRR
TIEMEMET 5 L TE S, £, BHEDPOFHR T —F A% Heegaard 77l % %4
Z5ZEICED, 3RHEHRIEELER TSI EDHTE, HBHEIZHL T 3R
RO % v L= 0685 ENBTESL, AFPETIEET, BHoLo7 v
LT =700, EFEE5 25, Z0%, BREHLO7Z VL0 4 —712D
WTHILN TV HFEZ VL ODHNT 5.

1. O VT L TA—2

1.1. E&

WG 2525, O LTO IV Lor—0%2EE2 52 L%, BEIIOELSTH S
G O LOWEHRREEZZZ D 2 ETH 5. MERMEEE, BEARZER & THIES2EOES
TH5o-RBUH L TERSIN D Z E2-OHT BIZIEIR 2 HOZ L), £7,
SEIEZ L o-REDERF ER DY) VY — /L EERT S, HDILr,...,2, € G
ICEoTHEAONEY ) v —Hl [z, 2, ) EFRDE I ITHEZ BN,

(21, .., 1) = {w = (W) € GO | w; = a; for 1 <4 < n}.

Y VAR TERIN G o REE B EFHL. TOBIE, G ICHEBBIHEZ 52,
Gl>o \CEMEMHZ G- 2 7B, RUIVESRE T 5.

FERMEL - G — [0,1] &1d, STTREUCY oulg) =1 27 TERTH 3.
Kolmogorov #RIRER (SR D 7EZR E) 12X D, WERHEEE 4 13 G2 Lo BIZBET %
WERMEP 27272 —DED 5, WERMEP XV ¥ ¥ — [21,19,...,2,] ITH LT,

P([21, 22, ., n]) = plwn)pley ' w2) - play @)

E %, ZOWMERBIHOBRMNITOLOHHE LT VT LI 4=, 21, 29,...,0, EJH
TS TV ERTH 5, MHERNE 1 1 IBEBMEREMIING, Oy % “Y A an?
ERLEL, p THONEHLVILZAP ST TV ZET, SRFEZTVLE VS
L =0 BFoN5, G OARAERES A LO—HRHNEDS n OBITH 5. ZDY;
BEI LT 4—=71FCayley 77 7 LD v T L =0 LD, BRI 7Dk
DTV LT F—7 D4 iEEEICEI L TiE [Wol 2 E2IH I Lz o,

KRG EHFE BRERS @ 15]J08142) OBIREZZ I bDTH 5.,
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1.2. BFAEAR—RE—XVk
TG DVERSIRREZE (X, dx) ICERIMEH L TWw3 L5, Jig € GD translation BB

BET(g) Lldaz e XITHL,

7(g) := lim —dx(z,g 7)

LEREINZBTHSE CEALERICIY ZoRIEze X ITXkBRW) .,
HESEMEE u23dx B L THEBR—RE—X Y RNZ2RO LI, Bz c X IZRLT

> nlg)dx (x, gz) < oo

geG

L7552 E%E 9. Kingman DHMERN L 2 — FEM (Kingman’s subadditive er-
godic theorem) 12X D, u PWHR—RE—X v F 2FO 54, Pae w=(w,) € GP>°
IR LT, RBR

lim dx(x,w,)
n—00 n

DHEEL, ZOfEIEr, w IZXoRBWI EDbNS, ZOEZT VT LT =7 Ddx
BT 2RUTZRNEMES, FYU 7 MET V¥ L7 4 — 2 O translation B & 279 2
EDBTE S,
7, BEGDZEBY IEHL T2, Y EOMEE v D3 u-stationary ThH 5 &1, fE
HORHEA AT LT
v(A) =Y plgv(g " A)
geG

DD ILDZ &%\, p-stationary HIEEIE harmonic JIE & b XX 5,

2. HfR#E1A & Teichmiiller Z2f

ZZTCIAREOMT S, 34 b b g DR & nfl D £ & ELY BRv i E & 2
%, UF3g—3+n > 02 ET 5. #HiE S DGAEEREMCG(S) := Homeo™ (S) /homotopy
#EZD, HOWHEZWET 281, BPFERIEHTIRVERZBO2 2 L
IEFICHINTH 2 2 LD SNT D CRIPANTER) . SEERIERT 2 R\
£ LT, MBS Teichmiiller 22722 £ 239 %, FRICHiAE R IL, GEHERED Bk
W 2l 62 5I0H7 ) EERZEMTH 5. AHEITIE, A L Teichmiiller 2%fH1C
DWTHERLT 5.

2.1. HHfRER

i oo b o H AR Az K7 e W EHlER 2 BEAEEARRER & v ). BEREPHERR 13X 1 /i L <
D R n DR O—DICRE R EY 7 ThWEERERNE V. DK, BB
FUTEHBAE FE—BEHZIETI L L5, S OMFRERC(S) 1, FHADIARER
HAMPHMAR IS L, & A OTERUI IS T 2 PARERR 235822 %2 R 72 2 g C il L c5EEl
TESLE, kERILOHGEZATS L) S TERINLGEETH S, 2ERIE TIXT
D 3G & E Gromov EAR & WX 5 (GEL WiE# L [BH, Bowl] %2 &2 2
I 7z\v) . RD Masur-Minsky DFERIIERA ZIGHDPA SN2 EHE R LD TH 5,

EIE 2.1 ((MM1]). AREOHIE S OFERC(S) 1& Gromov MEHNTH 5.
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FHZX LT, AIRERRZEE L Cayley 77 7 %% 25 Z £ T, Gromov WHi{4d
Haom C & 5. BRBEREMCG(S) 1Z Gromov YT W Z EBHISNTW5, Ly
LD3o, MfEER~OIERD & GEHHREMCG(S) O Wit 252 2 &3 TE
5. BBRERELDZ V¥ L5 — 7 DFRkA fkiRIE, Gromov TED 7 v ¥ L7 5 —
ZITOWTHIS LT 2 HEZ HIFREER DI/ 2 O TEEHEREICHNET 5, &£v)
ETEonTwsd BZIEMT]) . AFPETENEEE LD Z v ¥ L7+ —271220» T
filiirzea2s, Calegari i & 2 WHHHFDEE 2 B O T — XA X3 % [Cal]. F7, i
FAEAR X RFTIEIR C & 5 - OifimIC KN U 256036 5 2 L IR T 5. ZORAT
TERRYED> & 4 £ 1 2 N % [MlikES 2 Rk 4 Zeik A (hierarchy [MMZ2], acylindricity [Bow2)]
RE) BERILTwEIEEaxy bLTEL.

2.2. Teichmiiller Z=[&]

Teichmiiller ZZ[H] D IEME 2 E# 13 [FLP, FM, IT] 72 £ICiEs 2 Lic L, 2 ZCidfis
FHEZTHIEICEEDS, $TX 2V —~< Vb LW cHhs T2 (—
ELER, SREEOMGE M5 Z ik ) iilEo LT3 EERG & iR 1
NLICIBT 22 LICHERET S, T AEz2sMol L), AEGERf: S - X 12X
D, S LicHFENE, bLCIINIMEGEZERTAILNTES, a8
FF WIS £ 9. Teichmiiller Z4[EHHE S EOEGRM EEEME, LI
W HEAE S A % E ) 2 [EEBAGR C#ll - 72 22 CTH 5. Teichmiiller 2% 13 BAREEREDS
BEROH D a2 & UCTIERH LT\ %, Teichmiiller 22 1384 il ER I LT\
20, SEIRD OO ZE 2 5.

o Teichmiiller Fillff dr (EEWEDOELEOE S VWEM ) ,
e Thurston DIERFREEEE d, (WIFSE DL DEAVZHIS) |

D DODHREDRR% 72 il 2 £ & 8 7z Papadopoulos-Théret [PT] 7 £ DXk H 5.
ZO DRI TERITIE B L 2\ D8, Teichmiiller 22D “RKW" Bl TIXAROIRAE %2
PR C—39 % 2 £23Choi-Rafi ICX D/REANTW 5 [CR]. [CR] #F L L TROfE
A WRASH

inRE 2.2. FEFMEL 1 MCG(S) — [0, 1] 122\ TR IZ [FIfHE.
e Teichmiiller EEE dr IO W THR—XRE— X ¥ F Z2Hi>,
e Thurston DIENFREERE d, ICOWTHRE—RE—X v F 2D,

51T, dp il oWV TDORY 7R Ed, IZOVWTDORY 7 3T 3,

Teichmiiller 22D a2 > 37 MbzZRXD K ) I252 5. BMEMESERE L TS Lo
HlE F CARMAORENZ RO b OIS, BMIHE y 25272 bDTH 5, HFKITI,
BB HAPARAR o 1S LT inf{u(a) | alda DRI} ZIET RS, OmE LTES
Z, WY FfERRZ 52 72 b D% EZ D, 22 TS(=CO9)) IEAE MR 27
DEATH S, FELIF ETHEIF TR [FLP, FM, IT] 22 L T2 & 72w, JlE
ftEEE A O%ER 2 MF(S) LEHE, MEZIEOFELLET 5 L vy EHTHFLL 7
22z PMF(S) £FHL, R, DAL ZEZ 5 Z £I2 XD, Thurston 1 Teichmiiller
22 T(S) 2 PMF(S) ZvTayv 87 MEL, BEIEREOIERDSHEGICIER T 5 2
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xR L7z, T4k Thurston 2287 MLEWWT(S) := T(S)UPMF(S) LT 5.
PMF(S)DIL(F,u) & MF(S)Due LT, b LELUER—EZED (F, 1) e MF(S)»
Hotb &, ¥ pu=t BH5t € RoglTHNLTHEDIZDEE, uniquely ergodic &
W9, UE(S) € PMF(S) % uniquely ergodic RIEFREDES LT 5. GEIEREFELR
Teichmiiller 2%[f1Z Gromov WHHIYTIZ 7\ 23, BHh 22 & B4 BRI D 32> 2 &
DHISN T2 ([Raf] & &), BlZ2] O FAREI A & Thurston 2 > 237 MUDEIR &
LTDOPMEF(S) 2R &, FICRWERDBE SN DDBUES)TH 5.

3. Nielsen-Thurston 7348
BAGIH ¢ 1% Nielsen-Thurston Z37HIC X D

1. I (3n #£0st. ¢" =id) ,
2. WEF (3Q C S 1-submanifold s.t. ¢(Q) =),

3. 87 7 V7 (B(Fes ps), (Fus ) € MF(S), IN € Rog s.t. @(Fs, ps) = (Fo, s/ A)
D2 (Fus i) = (Fuy M)

DOTNPEFREIEY 7 THLIEPHMENT WS ([Thu2, FLP, FM] % &) . 7/
V7D F, R REEN, F, 2 ANLEEF LS, TNSIEPMF(S)DmE LTHT /
V7 ¢ THEIEINTED, Fix(¢) = {Fo, F} BPMF(S)THRY D, £/, F. L F,
I% uniquely ergodic TH 5 Z & HHISI T %, Thurston 2 287 MULOFETEE 7
IV 7 ¢ DEEERE FAIRD L) IO T 6N, LED X(# F,) € T(S)ITxL
T, T(S)Dme LT

lim ¢"X = F,.

FERIZ, X (# F,) € T(S) DR (X)) 1% F iR T %,
oS — SIINLTERN—F X

§x10,1}/(¢(x),0) ~ (z,1)

ELTERIND, BT/ Y 7IEER =7 ARG E O L LFfETH S
& 23 Thurston [Thul] iZ &> TRIN TV 5,

W7/ 7 OERICENS N 2EET /Y 7 D dilatation &ML, T D dilatation 1
K4 2 FHEO I TE %, ZDOfHIE LT Thurston & Bers DEEZ H 1T 5,

EH 3.1 (Thurston,[FLP] ZM). BB ¢ % dilatation A ZFi> #Ek7 /Y 7 TH 5 &

T 5. EREORENHHHIR o &FHEp 12X L T,

log(l,(¢"(a)))
n

lim
n—oo

=log A

DY VD, 22T, L, dp T30 DESITH?.

EIE 3.2 ([Ber]). Bf4Hi¢ % dilatation N\ 2287/ V7 THBHETH, BT/ V7
¢ D Teichmiiller FEEfIZBI T 2 translation FEEEIX log\ & —T 5.
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4. BREELOS YT LI A—7
FEEREOHE IR H < MCG(S) D3non-elementary ThH 5 & &, 7 /Y 758 ¢1, ¢y €
H TFix(¢1) NFix(¢y) =0 £ B2 bDVBHET EZ LRV,

DARE, BESEHIEL 1 MCG(S) — [0,1] TROVTNDDOEMZ2TETHDEEZ S,

S 4.1, WEFEWEL 1 MCG(S) — [0,1] 1
e Teichmiiller 22[H] |:® Teichmiiller FiffEICBI L THIR—XRE—X v F 2 FFD,
o BITX > THERENBEE (supp(p)) 13 non-elementary TdH %,
S 4.2, HESRMIEL 4 - MCG(S) — [0,1] 1%
o BIFHAREDITLIS %5,
o HIC X o TERINSHE (supp(p)) I3 non-elementary T 5.

ZZTHEM4A2 13541 XD BROEETH D 2 EIHERT 5. WhAEEIOIURIC
B9 28 (Kingman D% MEN TV I — FEHZ L) 23541 Db ETHRDY LD,
Ffh42 #IRET S Z LT, WORDBEEINTH 5 Z LEDNEHTE 2 2 L% 4 H 5. %
DHEIE LT, KD Maher I X AFERDH 5.

EIE 4.3 ([Mah3, Mahd4]). fEFRHEL 4 13E5 234K T 2587 H non-elementary T %
EIRET S, DR,
P(w = (w,) € MCG(S) |wpl3HET / V 7) — 1

DD LD, X5, WKL 235F 4.2 Zi7 THE, p IKORIKFET 5 K >
0,c < 1D3FTEL

P(w = (w,) € MCG(S) | w387/ V7)) >1 - K"

D 3,

TEHA3ZITI LD E LT, A REMZRTIANZREE & 725 T % Kaimanovich-
Masur DFERZHFENT 5.

EIR 4.4 ([KM]). MERMEE 4 3BT % 8577 #ED3 non-elementary TH % EARGES
5., ZDEZIRPIY LD,

(1) P-ace. w = (w,) € MCG(S)Z>0 ITRt LT, HikR

F(w) := lim w, X

n—oo

DFEL, F(w) (& uniquely ergodic & 7% 5.

(2) & % p-stationary WIEE v DETEL, F(w) Dafiliy THZo6N 5, 512Dy
IR 2R 70,
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EELAAD ()17 /Y 7 TR - TLBRHED, FVF LT+ —IREARTZ
ENTEL, EHA4D (1) &Y, 2 OMEVIZUES) TOAEE L LI EDBDR D,
UE(S) 1F Klarreich[Kla] 1 & O FREEAR C(S) D Gromov H 9C(S) DAL LT
ALIEHTEL, Z2DkdD, QDOHEVIZOC(S)D ETERIN TS EARTZ
EHTED, BREHOMBEE~DIERIC XD, BHREHLEOT VL1 — 705
HHERER ED T v L =0 %142 2 ENTE, 0C(S) LOME v L OMMELEL,
M4 LR o T3,

5. 75 ©AEGEDMHE
I, BARERE LD T Vv L — 7 DWREINCHER | TROMWE E L THIo N T
WEHDEFLEDL, TRTCEMBL COLI0IFTIERL, L EEMF4104.2
DT NEDD, P VEEBRELGESH 5. 5L L IEFSEIN TV 5 k%
TEWEEL WD,

7V NY =7 TRS N BRI LTI HER 1 T

o 7/ V7 THD, BB — 7 AWIHERE % £FD [Kow, Mah3, Mah4, Rivl],

Heegaard 77fif T3 & 41 2 LRk DS B 2 £72 [Mahl, LMW],

1 SR b X MEOBE, B8 — 7 ABBIIHTHE b 7724, [Riv2),
o F—TV Ty b LT BB SRSl % $5 [Ito],

D GEEIHDORF L7670, AR ICEIT 2875 LIFIC4 S 7w [Masal],
o Gt —J ADIEHMIM E 2%, BB — 7 ZAONHEEREHY] & % 5 [Masal].

7L A FREINRD SMBOBHIERE L AT I ENTES, 7L A FRECR LTI, B
OB AHIZ 7 2 [Ma, Tto], 7'V v PR e L TR S 15 A4 H 2l % £
DM 2 LR EDH STV,

RIZ, FVFLTF =T DAT Y 7HEICH L TEICHBIBICHEAKT S Z L0361 T
WrEEzF DS, FERISH»CEER EITCHICES Z LT 5,

o KD D FY 7 b [Mah2], 7$¥ Y #{E, Teichmiiller i, Thurston Fi
HECBIT 2 R Y 7 b,

o A D LD translation HHEfE [MT],
o HE7 /v 7 L L Tddilatation [DH].
7, ROBOHKEZDOFHEbFLN TS

o Bt — 5 2D AR OV EED EDORFY 7 FasIEICk B2 L L, Brock
DifiF [Brol, Bro2] Z H b+ 5)

o LESMTR (scl) [CM].
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6. BIREHLOT VYLD A—TUDAER

C DOHiTId Masa2] DFiIRZHIT 2, —F TRz &, 7/ YV 7IZO0THD >
TOVEEOLDONERICEHT 2HHED, 7V ¥ L7 4= LTHED LD, &
IERTH S, 9, B/ V7O PRRY ALY huaE—3dilatation £ 3T B
&9 Thurston DFERZEEH T2, 22061k, him Sz cH b, Licav
NI THDBERET D, A={A}icr, B={B;}jcsZ SORBE LTS, ZDLEZ

N(A) :=min{n | {A,..., A, I SORBTE &1 <i <nlZWLTA € A}
k?% if:A\/B: {AimBj}ieI,jeJ kj—% ﬁ@%ﬁﬂ“/“ﬁ}bl‘/]\ﬂf—bi{f%ﬁ\
DavRy +2EEO EoEHEGBRICOWTHERICER I NS,

E& 6.1 (tAuY ALy ubE— [AKM]). G4 f: S — S%MhE S Lo FHEE
BeT5, FBEAICKHLT,
h(f.A) = lim %log N(AV fLAV v fr A
9%, ZOLE, fOorRuYAhrzrytuE—h(f)%
hﬁ%=§?MﬂA)

LEFETS, T2 Tsupld SOTRTOBBIINLTE 3,
X512, B¢ € MCG(S) Ich L T,

h(¢) := inf h(f)

LEET 5.

ERICE EN S MROINAIIFE H LA ETETDH 5.

EHE 6.2 (Thurston, c.f. [FLP]). B4 ¢ € MCG(S) #3 dilatation A 2 b D#HE7 /
7ThH5bLEE,
h($) = log .

i [Masa2] Tld, E#61ZRXDEIIICT VI LT A—7ICNLTEXRLEL .
& 6.3 (7vFour—robRudhrzyint—). BRED W = (w,) €
MCG(S)2> DEHw = (w,) € Homeo" ()0 G2 6N L5, Thbbw,ldw,
DERITHZ., ZDLE, FEAICNLT,

h(w,A) := lim sup % log N(AVw AV -V w, 1A)

n—00

ET%, ZOLE wOLRuYALIY buE—]h(w)Z
h(w) := sup h(w, A)
A

LEHETSDH, CITsupld SOITXRTORBEICNLTLE S, BEEDIwD P KRR
CAhNLZvhrE—IZ
h(w) := inf h(w)

LEFRT A, ZZTinf lFwnREAeKRTE B,
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W OPEEERE 25, £7, BROXRFODLEZ LR, V5L I74r—TDEE
FHERZI > Ty, UL, 7V ¥ L7+ —70HLweinz THE» S, T
52 EICERALTWS, £, 7V¥ L7 x—7 DS, ERICHTL 2MBROEEZ
(BHITIX) oz, REZINZ LD 721U, Kingman DEIER L2 — F
ERDMIR DATEZ PRAET 228, RBLZN - 7-81%, HAc )L a— FEM»iliz 72 <
%%, iU, ROXIHICERINS Bernoulli> 7 04, RELZINS 2 & L AHMENE
WZ EICERAT S, Jhw = (Wn)nezy € MCG(S)Z>0 IR LT, O(w) = (W) 'Wnt1)nez
ELTORERIND., EERLD Ow=(w Wnri)nez., £% 5. TDBernoulli> 7 + 0
L= FRNEZRD, REHEZRSEHED R TIEERA )L 27— FEMD A
LTV 5,

I 6.4 ([Masa2]). HERHEL 1 MCG(S) — [0, 1] 541 2075 T5. 2o
E, P-aewe MCG(S)Z> IR LT,

h(w) =L

DY LD, 22T LI Teichmiiller Bl dr B39 2 FY 7 FTH 3,

RD Karlsson 12 & BTMRICED FUTZ7 FLIZRDODLIIFEDOITEZEHT
Z5,
EIE 6.5 ([Kar]). #ERME 1 MCG(S) — [0, 1] 3541 25T LTS, ZDLE,
ERDOHBMPHIM o, FHEp & Pae. w= (w,) T LT,

1
lim —logl,(w,'a) =L

n—oo N
NI A RASN

EH6.4 L EH6.5 13 ER6.2, 3.1, EH322HbbE L DT LT A =T
ELTHRLIENTE S,

7. B DOIC
TUTLY =0 "EZD T ET, BB, 3RILERIE, EAHZREDOWE PS4
BRV DD L &, BHCKD L) CHIERELT 22 ENTE D,

IRE 7.1. @Y e 5ot 2 0 72 HERME 1 : MCG(S) — [0,1] DT,
o fiff3R
P(w = (w,) € MCG(S)%° | w, i ZHE P % b D)
Bn 00 L7ctE, EDXIHIIRDEED D,

o fiitfR
o wplIRT BV OfE
lim

n—oo F(n)
ZRDD, ZITF()IEnoB%TH %,

% 7z, Lubotzky-Maher-Wu [LMW] TlZ7 v ¥ L7+ —27 2fi>7T, & 2MWH%HW%
TEREDIIRMEDHIDFAEDRINTE D, TOHHANDIIADLEZ NS,
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