=

1A

United Nations
Educational, Scientific

The Abdus Salam and Cultural Organization
International Centre for Theoretical Physics (&)
| ‘:::tiona[ Atomic
Energy Agency
- p
s
e
SMR1662/6

Summer School and Conference
on Geometry and Topology of 3-manifolds

(6 -24 June 2005)

Tameness and Marden's conjecture

J. Souto

Laboratoire Emile Picard
UMR 5580 CNRS
Université Paul Sabatier
118, route de Narbonne
F-31062 Toulouse, Cedex 4
France

Strada Costiera | |, 34014 Trieste, Italy - Tel. +39 040 2240 |1 I; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



(1) Opes marifste
M 3-ad, oniedc e, M, s comapedd, cuedinesGle

Def M i foume or eluot wmf_g-_ej Of Aaissiing boudray nanosm itk

P I compoct mmamnifold il Hz wt ([)

Cluehion: Wi, comditionn enoure thod M i tome 77

LEMm& H

H 'fou.u\.c_ =

@A) w (M) & O&k‘-/eaj ?aa.emjeoe
[2) H\K & tame PKcM comped mubuasnsfotel.

?('0 . B

Tha (Tucher)
M L fome <= VKe M oa-w-fa.of n.ué.«.f ta. H 'E,(H\K) & f.a. 8

(,Ol.\j O Mne atnem o —{;3‘ and rof g ﬂ',u.ffez.{ [MM&H '7.7

Thasn (Scott)

lf n;lH) i ;f’.g. Han d 6 ﬂp‘ ar well

Thae (SeoH)

lf ‘lT,,(H) i f.ﬁ. Heeu J<<M WAP&J M/\uf. aucl Weod Ce—a M

[Z2N-% quu; eS,u:'u«QQe.e,' <

_Qef TL-& Aubmfﬁ!feo( C i /)cu‘o( '(b@( G m?aefc% oOr M
o H.

lowmma : Coony copned of M\C 4 comneched, 4

(o/u—ro,ug}-@/‘ O;f HAC one caledd ends o M.

Obrarveton: M o, foume < €oery ed 6 lfoumwe o

—_ A



@ Foulunen
Sorme c«ﬂeu..‘;iq * prue ch&gAcwq corndls hown ’&AMRA.‘A—j foumerers

1. Al - M cotrachiCe

M, = IDL\‘&«
H, = M, v V= D'~ 8’
M= M,vY = D% 8'

Mo +M_ o7 > Dx§
M= Unk - é M. (Ulitelood mucuniforld)

Cli. M o imedicitle o codractibly
Clos. M b rot tone,
Foofs: (1) T (M\Ma) 4 aust 4.
(2) H%ﬁh#km »

Keamork « The nowwe commrfrm cfmu__ cee. Oe rmada ot K mj &W
leacts or corll, cormbirchin. of baot,

2 Thena ona 0~¢-°u.:(o.667 Assomy /&amemwrkhm '{'L;(ub
A o~ foune conlrechile 3- anth.

L] OH’”U' ca'y/\‘{/\ns,l\'o“‘

@ C(u,j. bpher g Landlafootie,

@C(u.,} Lowcdlsbodue, of L
° Ld‘/@\ﬂt eLol ~-&,¢FQ¢,
@ o &Mgdf& 2 . éZQ’..M

A poashve azadd:

'Eu_: (&Jba’k&mo() 3
HM=0B;, Bi<B8in - By =@ W = H=R
Riffenet frtanube ho, of Wlutelead, thesra.:

“H oswlrc.c.hb&. £ M LT VG PN c_f Aa.ec/(ce mpc-oﬁ Cone; wd M O fMQ. v



2. AIJ&AOE‘} M = waniow o-f’ MPA'I'C‘Q. oampe-a% canes .,

Mo = D*«3”
M= M uYye D58

M, =H Uy > D>S

Mx UM,

C?a’“_‘ M m&kc!.&; 'ﬁ;‘“"():-'?’ H(C—-—QH (,dw.f)aof cone, H M-'{M. »

Pomark: Agas Hawe e lobs of couder eronplon.

O,‘K./ ,Oorgei cbout wlu“fe&ea& /“‘*M"F ol cod aluunCos ﬂfttw\%

s /‘_”E"_."ﬁ{ K = Ueivernal cover of H = R,

e P M oo ia 2. dllept 7oam 2 RE o
?_t_‘O_cf C(oos.g e fM flod M conloaduwn a properfe ewnled el
m.e,.fl'c.Q b ove proves Haf )f.?, C(A«'oﬁ.afmuftel w. »
@ Mardew's Gonjecture

Hardea ‘s foumermenn eave cture

M dyperbolic aot T (M) f4. D M fome.
Recel Hod M Lypwbotic @ IT <P, T = ho, K} foradon frae cailly
Mo Ws/r'-
S M adsnits o am.,..&fe rnvelilc cotlls
omilont pechonal cwrveatus X s-4.

gt folre M odiaitr oo Rleamommaion mmafidle rolaicl [, ‘&Wéo&q
outrrda a{ o arwad‘ ned

(omn‘)mcﬁw O‘f cou‘krexcv—rl& uA—(A&p
Thucaton's z()u.”w-éa'ﬁ%alxb— Flaan .

-3



“1'/{{0/»-1_?? Mo rdlewm s &:,‘e_c:'{’m

- Morda. proved it if N & geowedaically foie.

fo prouve the Ly‘,\.véoe('?&‘\b\ 'HA-«)

e Thurston ch aowe Casen (Aaccamors
o Bomalun P Ti(h) ¢ Prealy, todearaporclia.

e Couony proved Cots of thiy,

o Clolike, HL'A\41«7, k@a.«.k&'da..., Brod. Em“&o;, Evons, . Prouved e

Cores,
o Chritaman 2004 : Prootof A foueaen comjectune. 6; AgoR, C‘o.QeJa»c-GaQ)a..\'

. Othar proofs by Sowea, Clov.

Goal of these lecturen : Fove Towuae es cau)ecfw.

?POST_E : Conbriratron c_f Aé’e-Q ) GQQJM'-&SCM' & Sorma .

| S%M awv-fii:’:\

A

M ae »&cj’ueréo’eic 3-M4Mc'fo-eo( ancl that fhew & E>0
wile wjl 2 VpeH [’<'==> I YeM o o dned geodeatc
4lon @H[r) 222),

Rasnarle cboud Mz oasumphion:
- i M Aar parabolion flaw ome can eihher cooid fge Gotep
ot due to Agof or worle 40 Auce, Avona , 6ot flucaps ace
ot raolly dffenad,
* M loo o parcbotic, Hua bud thare ane @bitranty nhort semdeare
e, flo proef rewwoua., war ~Gr,.

worel He 2eurng, éc«.! Ove M&toa
o &u& Gt AnQre o-f MO{QI-“‘J\—\.



@ The seomdmall, fuute cong

M= l“% o jeom‘fu":c:@‘) dﬂu«k ‘-__)0 CH[AF)/[_, £
compect, Here Ap= Cund aet of [T o CH(AL) ¢ comver-bull
djf AP w -3,

ot I =df(CHIARN ] =4 bt| Hix, CHIAR ) < 4§

Prop

K €M & o cnped cone, & convex oual bon Cl-bourdan,.
Troof

K= A (CH(AL

General fock: cBodt conves nubiael, of K’ = lain. Lustels. ®

Tl (Hordaw)

M ., geommatfnicollsy Pincte = H i toune.

Troof

Unirg Hie convex-projechion ove got, #hat MK = K x IR

Coro%,uy (Tuwratins)

Mz ws T, Z%¢ ), X(R)¥0 awl N—M coveniy wiks
T AN fs5. = M G toune.

Peoesf

@ X(H)=4 X(oFR)¢o ® Sowe comarad of BB DM 6 At

a Torwmy.

@) Tlhuralna's L.wﬂ\r‘c’ef&ah.u\.‘ Theonsuws = M adiut, Sesumelnic

Fouacte Lyportolic mmefrce . u% ke
e Witk aPlud

@ w(v) W{M'Ccﬂﬁ—, ZE"""‘R




@ Redewchon o the r@.@; w{cwj—m,}p Casen

Ce M Cowad cora, Ec H\C exd of M.
(?ﬁCcﬂQ Hod /.Luﬁtcw Yo rhow fod ecel exd of N i, fw)

Msecac @MWO{DC Fo.cuv;E

R % (Bomelrns)
e C anet Kot

0 L%
© G n Aonesmmarplc o elber Tioiel ctorvel bondlle, Lodlabod,,

OF oM BN 60&?
@ mlC) « m(C) = T(H)
G CoerBl It Tha ed £ Cfp Ausvmes imarpiocall b Mag
covtr Mg of M Later aninesl Oy 7,(Ce).
Provf
Take a cepetar M%GWLOOA Ff S ot comprenm whil
bovadeny \'S, G cucompamth ., -

Coroany
The fawmeren wv‘/'edw Lolla t# f ooy (o Heasre

‘Z.W,u,éoﬂ‘c 3-rapy whese commped core o '50meumo¢rhu'c
fo ove of He @&oww;: tuneld wterbel! bundle oper o chsred
o,(,u-fa.c_e) CON (R (e 6odA7 @ ’a&%éo% L

A’Mdﬂ‘.e/ /J?la,«c!.«‘,\;f M‘ob‘%
M Lyyuréoe.'c 3-—/\»4} t}uj (H)‘E £ >0 O__a.____o’ M aduts
A covu‘oaof cone C .—&_QMQO,WQ,H&'C 45 e .&QAOQQQGO&,?

M The CM.a.ozp He ”&O"Cﬁgtéoal? MM{MM o{,%'w%

— o —



@ Tarwemem Cnite v

Tl

A ——————

Asptane thot fhone 12 o seguuece (S;) of commected nenfoce, o M
il Ha Pobllowigp @operhes:

@ X(S;) = X(aC)

@ OtlsiTet, M\, Z)

@ VKeM compedt i willh S;nK=d tiae, .

—nx& H (/:?(Cuw-e.

Coroansy

o fame .

Troof

1P Cec'e M ona CAMP¢G9 Con2n
oedaccs of ©, A naporaler Cof 00 ol X(3C) = X(30).

fhee D' e faaan (e,

f[‘oaf of the fosun . Arern ferfS aann

4. Slep  Get ernbeddod nurfeen,

Tl (Gobos) If Skl & o cumersed nurfier me 3-anp N
Aher thowe & ax eutedded nurfpe §' wik A arponed
beomeomarpluic to B RPY, wike X(5') 2A(S) st will.
ES3=[.S'J€A,_(N/ Z). ®

Qopbying Gobioss Yheoreum to Sccu(S) we gof aspmence (5
cr‘f e dreddo ol Aufe cen o M wled, exid cuen, osw.,or»-d' net
cor Un O¢[s ] e, (M, &) ad will X(S,')2x (dc),



[ovare

[p ZcMANC 20 cumeompreonile Aber Z=9C'e whae Cle M o

¢ Dhondlebods, coilk Cecc' emd X(CYE XCCQ).
lotna amplies acd Abe rurfecen S ane teonpremilte,

& (Woldbounes)

S ' Awmchpsc memmpaentle eubedlod nusfacss ik Snsleg

=> S, S’ bowd tnanal torvell bundle.

>

GOG,Q e el hownnes .meom -

2. S-fee Get the newrfecon fo Ge mmpﬂmw
-_fo A &ML LeM in aeJ,eéfw-Co\% leaL 6&/‘4‘{&1 Lf VIT_‘(HI .-:,-4*@
(ABtd) Tiel will YEAR,

Lowre
(«f Y;“_... YM f-yV-2 %er‘z{orn O'f IT1 (H) ”fLLQA- [-= <Y4. szv Yh ‘ &Q,_,r~>

i a dinke bustbip Gk,
froof
See whot ‘&Q.FM& o« H(H. @&

Tc.(“,\f 9@3&&/&"'(, W+C’Ab( Of <3§,<"L,~,J’~,&ﬁmn> e M‘)
o geodﬂM'C il L. wlael € Gﬁfeéfou'aa% dbL-éwAhy,

Rowark 1€ tha obfoired peodenres ane aot asbeddast Lirjo . d
Che cau pefurb Ko ruednre ao Mol they oue,



f

3.Skp D sucl that g boraolopic w M\L o o Auwface X'
il the followiyp properties Ui
A) Liouw X; €D
2) X! nog(L) £

Aresaciog Ahe 3. Step we covclude Hro proof of tle tfanemen
octeni ue.,

[ed Uc H be o cowpad madkaec 6o e macranfotd of M colecel.
corwloinns B, N (E) ok net Bo=X o0 X

Tlrn (Eneedrmon - Neuns - Scofl)

lf o meoMWG(L nusrfo-en A o &M’*%ﬂc fo on ewldreddod
urfoece tHhow theie b an ewdreddod nrsfoces S Aorwdlopc fo

X ad contoirned o «/‘(1'(5). ¥
The nwfoen Zi b WWWG& aucd Lopslopic fo Mz eudreddod
2witece Slu_0'S, 4 ML, = The & Por a® [ a. ewdreddad

nurfeee 2 C Uegt L « H\L coluwet L lwmﬂowc fo S.u._US;.

. ¢ OoAs { re,
Holeee fi@u"ew = lug,«mfe% Ar oy O‘f e S¢ loow-.:oru.c

(eldbowne.tu = The e of H © { rnne.

i{ reamean fo prove the cloiimn amedte o B, S/ef Thi ¢ The

a\Z) Poi,«.i‘ i Hhe Pf‘oof wherne avn~e ;,urwwf in areet,

@ S PQicjc.,Q l\cﬂauéc&'c pusfoeen

Def M L-ﬁ&réafic pracasifled ;S Aoned norfeer, fi S—M
L & @__g_'-_»p@oo.Q AWGG’C.C nurfeee c'f Ko /a&ocuv
comdihions Lt




e Therk ¢ o fmmy‘eakm of S aud Hod VA 2-cel o
Wc.aae f(A) o~ e “e\yméo—etc '/fu'oou,Qt.
o Tha Maf)kg, a,-.feu oileuvu? verfex & 2 2v,

\f £S—H v < n.u.«-d»@ac.Q Zc,rw-éo'&'c nuwfece we covmacder S
obay will Ne pelled-Led medue.

Fact: If £LS—M o & o pllcs0 ,@7“’,60{;( asrfecn Knan B2 Uag

wantveraef cover § of S O o CATI(=4) peee.

Propaad hon
£ S =M avepliciel Lyprbolic nisfen

D awy lwo pounds oo S aca jormad by o cnipime poodaue Aappand.
@ Vot(S) £ 20 12(5]]

® If wj (S)2s =@ we(B ()2 n &’
Proof

Broed o Gou - Bownet theone.

Vol (4) = =21+ Zfr-wy)
< ’?(’f{“z”)

Boundlod, Lromcter Com—e

' e wil,
¥4 P SaM & & Mrva'uol ’et'ﬂuféd'elc f.uJJ'P ce W

2
125w o (5) 2 VXOS)I

(s iy
Troof B0, > Kour

£

2n X(S5) 2vee(s)2 Tt #Ban. .

—dO—



HOW &O@ une &J n,a.-,:b'a'cﬁ A?rﬂ[&ﬁ'&t W”&CM .7
Prop
ir ok had Pral) e TN Hane £ 4 Loomotopic o o

2 pieseR dyperbotlie awrfoee P S—- N,

Froof

Covrlnanct Ckﬁwa,u’o.k ‘ffla'wa,g;.&.'Hk:\. ool M f"{"ww .

-i4 -



M (SOMAG.)

M &ypuéw&’c Z—»..,.P withoud @araéoQ(c/ Ac M 3@3&M'c, e&.‘g, ‘PJ S—M\A
2-1;«.%1‘1\%'0(4 re@ 1o A. Thed thew i o »ewwo‘k»h F:ZxloaT—M a4
<) F(x,0) = P

{0) F(Zxle)N D =g

i) F(Z'x}d}) L e aA,»Q«'u’J &t,,\.,éo-e.k ru.u-(ae(,
hmw/ l-f S ¢ a:m.(u.wvu'()& Nea. F cow @¢ choae a4, F(Z’xb})nA ¢¢-

oo

Sel il - wrep g

Of Ko coern ol coue»cf MNA ¢ o CAT(-4)  anafalc npe-ce.

End of o3 Shep_of Joe prosp of Koo Totuemnen outenton
By slep 4+ otep 2 we hoove aurfecs S'e H whetl go o NALY
ane Boully teompremitl & HNL , conmpuomi Ul & M ot X(5)=2X(3C).
By Some’s fheoneun Ahe mufeca S, n Aomastopse & HANL fo e
purfece  S;" wille

Ao S <A+ _2.2_; xesil 2o -

—— =
éou*LMM‘J‘

Zigador ils & M wieth, Gesmdts ameelo ( od Ceet
2 Fmes }
The nwrfoee S« obfecied l‘e:&a-’ n{:rrJ—T Jarmno’s waoh Alosrf wo,u
4 evols. e



@ Whed cloe, owe 5;0{__ Prowa foumerery 7

'Eu_:[(’amu?)
[f ECH\C 2 o ecdl of o buypwbolic I-mmosnfotd 4o ke €
A W%ﬁwﬁﬁ }(M,-k or Mera b a sepuece S of o cen
of mepahie corvedune of boundad pemun wiuck exil Hoe el
Trool (Bllowiy Calbpeny - Baties)
@ If € o mol geomatnically fonke dhow fhow b aepucce ¥
of clored jeadonien auel Jook VKCE conped 30, wil. ToENK)EL.
@ Toke avrfoce, S Lumnslomc L M\(LoY) % Ko puirrivy Foudory
ol renile-corep Hento g Xi.

Tl bovoded dicmader losonn mplier tad Ao

®
(o rolons (AbCPorh rmmeestnx theonss ) [ Hftforn, Tlumtbns, &ww.]
(f l“%s in fa,w;t}(\m,a)&v Ar=$7" or [aé&w(Ar)eo -

% (Couowj Theorar) [ Tluratn., Cc‘..a/.?:]

[f M ¢ fowe outh, EcH & anst peonain o, Pk ol H—N
i 6 Riermmowmnron covt Ahen el Ahe coventy & Poheto ~enne  whan
reddicket %o € ar N & commpoct oudl fnTFels covared 6y o byprbotic
meoud ol Jibenty cvrer Mo cirche.

Corallons of Jos_coro@los
[f N & a clovedd hypsbstic amonnfstd ot e n (M) & fs. Neas

eche b commmeniralle t ¢ nrhiel ﬂéﬂ' or I“)/l‘ (L CIwLex- (oca»\.,oe.ol‘

0ol Leex § = W’—mu—ex /u.«.fzyw‘.’o':f 7, (N), .

_.43_,



@) Roop_of He founemast comjedhume

E_m__ (A)‘AJ‘Q, Caf&feAA*GCGm)
Euu\;’ L«”wéae'c_ 3-rf wit ,05 7, & lowe.

Recell owr amunphion: - T (M) & Hee
- (M) 2g>0
lef CeM Ce o corwpadd Cone, L o aﬂ&zérw'ea% Ob’o/&éu.rnﬁa—f 520(10/-4’(,
bole at ¥ o nepue.ce of peodoaics c. M A VKchM Com pecd Hera
“ ( will h'g{:((/' nab L, =Luf).

Groe. ¢ @t Urch e o compedt nubrmon'fotol ad. avo eompored of

MW & boundodd (Mo cre aeo anlly Lales] | Ce Uy st Uy Confosinn

Mo fradk 0f¢ dussstopn of L; ot C.

lowsss. (Nyern)

L(fmbohwqhwwp&dcm C fo o rtaw e G e con amiae Mot

U L Leompanmlta < MNL

Froof

Elocping U; ove con Omsane Hed 24 i Licompanille & M\, ;

i Mad tods & Ha Conead Mok Hoe G o otile Ac UN L ¢ (o neperahy)

Conider e omocioted decomprihin TlU) e AR and Ue lutiomerple
m, () — m ()

The amuphion et £ 6 olpebrovieally dile bunbsy tplie. foad ri(<)

o moped h ove of Ko faelora. in perherder e con dnovaslope C

6 compedd one G wivk doer ol el Moo dile. The bomslop, of

L bbs C con o G muoveol ouf of U ool



LDI u.!__;a" Oe Mo cOver COMM,\OA_% 4o ITI,(C‘-) ot 24 L('l Le

i of Li-

By Thwatos Meorew U/ 1 faue

oned bece Lurmevacorpluc fo

Hee dteriar of <.

Cloone a murfoce Scelty colues

b Leoanstopic i WINE 7o Hae
pracimsdey boundony . Oue conld

Ula fo nhuirl-conop it Guet < w/ bt
Hlto & pod pontle pica W o mofily Gile « CATCH) apece.

[doo.  Cormaplete u;’
B Y i a compoed of DU Huan f commpords %o o cove of AUy,
Takie Heo cover of M\L, comrapadl to Y [t cpomitle nriea
e iy o aifoen
« o plece fo Ge

mY) em il W) n,(h\l:)] [ 1, co

l_‘ .
{ xtenso- f“‘J
J

¢
¢ M
(4

C

W (
< ——

& ¢

r
exfonar pud of ky,

-{S -



Douy Hate for even, Wg’ Y of U/ meangpate—o ol
complettiy e pobs @ CAT() rpeca Ve colwels comfeus U7
nd. m(ui-\L})c——: n,(V,'\L.") cuol el Hd Hrite & ox gf o
breee derd cover Vi — N.
h Vi we con obacd -wrep
whoel. | i Vi, neperetor Leonnclogpcalle, Hoa Gl L Proan .

By comlrmchic Ke propechion Zo of Xi fo M & oo aeplicel
Lypebotic rrfoce an well colwet abo neparefe Ly Prsan 00

(oo Cogrcallly).

(oo Leve Hha Rsainsd avfoce, X meeded o oyl The Tanmesom
TCi. comclacdie, Moe ponf of Hoa Tosmatm covjectune.

S[' fo < M-.rﬁ«uo& veu./r.u'éd‘e«'c WP&C.Q_ AL

ou f'((b“l.&w .

/ /
- T. Aqo@ ,  Tomemer of Lwavéorﬁ‘c - pcnaiPbes , prepund 2ot

- D Ccfesom owck D Gc.éq,/ Sl\m'/ukwl‘ar?img a~d Mae '/amz'/\«J Of
bypvbotic 3-meanifoldn, pneprind 2004
- R. Cama.'v-] p Eandn °f AVN‘GQQ %- Amann (-fo{cb./ TAMS A4Ga3

- A. Marder Tle 3zam¢(rua of}\‘».«-(e&j %era}kd Klosn i on Froum,
At o hedl.. 13%¢

~T. Somaa Exinlece of PO@M Qm‘f’f‘;"f’ éa ﬁy(urécr(fc 3~M40~~!'PJ‘PJ1,
pn.elm.,«;J 2005

- J. Sevto, 4 pole ow The feumemen o’fe:y]w‘éd‘ﬁ'c 3 meant folels Tapolose, £00S

~4é-



