91| Poincaré Conjecture™ °l| 3E|FT !

At 89 2290 ~9R1e] R mpEg|=oA )
HE FAGEAE3 (RFs], ICM) 9] 73] 2ol A 4
we] 4=8kx} Andrei Okounkovl), Grigory (=
Grisha) Perelman, Terrence Tao?2), Wendelin
Werner37} B24-S F4atqlth. 9We] At
TSR F9E 2= AAIAE7E ofF 671
A=A A A Al Eoliith Bs A

44 3 AL AFHom SRt A4E

1) Andrei Okounkov (1969~ ) : E2Iulel A ZAY3}e]
1995\ Raul ydistelA] WAEI9IE H 53
Qe 2004l eSS pAdskar 2006l
= U238 4 A 22" gigke] wgel

2) Terrence Tao (1975~ ) : &Fo|A ZA3}ke] 1996
ol ZdAx" dighella BRSS9
Salem 4}, Bochner A 59| o] A& FAela
2006 dell= 224S 7448 dA UCLAY <l

3) Wendelin Werner (1968~ ) : YA &40 0
W AA A 348 7P S 19936 2
2~ 3tg] VI gigollA BAE9)E A5 e. THT
8t3] A} Polya A 5 2] A5 AL 200639
= =4S 74 A T VI gighe] wge,

oh e At Bids] MU S
sk 5ol o] A
e EE AL

b B T 4 [e] h=
d3le] HHE APFA 7= vEelth &3l
IMU 3791 John Ball& 69740 RE FAAE
oA Atz o] AMES 4yl 18y Perelman
& d=e 7S ARSe] 38 (53], el
WS 23 e Be AFEEAA s A
FA o] w2t fE AAQ FEERE, £
FEXEAE 5o AA Zb9] Fa Ut
o7 HLEo] AAY AL HAThGaEd

[9, 11, 12, 13, 16]) At 54
of A= AR AAHUT

Perelman®] A2 AY3k#F Balle 6¥9 27
AE HEAH-Z3(St. Petersburg) talef] Abar

15 Foprt mlEgl sl A A1 F = ICMol A
=37 A(plenary address)= 3o & &
sHAl F-Eretls But ofdet 4 ARE W

1% Batgt Teg aE dniE wEs

dE o Nxo
QEJP‘J BNl |

-

A 109=



Tk 2 Ad 1290 Qe B
Stekloy =8t tad)e] W42S ALE
| Ay 2R3 o Solx] mi

ZhdatAl dal ok v #el

ol

A A4

o]

2
el
Uit jo 2o

Hu 2

U & re
ol
T
N
N
o
LI
I
=
B
Y
o
N
jviel I
axd
lo
e

P Rlor 1o 0@ fo o aft

Perelman (1966~ )< A 200339 Poincaré
conjecture & At Ato g g d#HA
e AJofo] F2 Fstxtolt), & ofA|thA|F] o] F}Ad
o 1904\de] &}~ F38k2+ Henri Poincaré
(1854~1912)el <Jate] Al7]E A=A Aot}
“<=AA(simply connected)o]™ E3l(closed) n
e O¥AlE o Y o 93FF
(homeomorphic)o|t} = o] o] 7pde] y&
o]t} Poincaré & AFE 20029741 B AW

& FoEol of HEe sastgrka FsA
W1 F o9 Fgo] BF BT o] ¥

ok 1960t Zuboll 53k o]atel 7o
o] 7pdo] Fth= ARAel wlm F38kA} Stephen
Smaleol] ¢Jste] FHEOH, 4 Al A9+
1983 w]=+ 4=38}x} Michael Freedmanel| ¢]3s}
o] S AEAc} o] Ao = Smale ¥} Freedman
2 77 19667 19860l =4S dsiolnt.
ALl A9+ g Esta 239 A9+ 19
A7Tel o] A=At EiA 3 A5
20029 A7A = ) ok F8g wsiA
TAZ Foltt. Perelmano] ofglel] AEE
=i [PelllS QIEY] &2]7] ¢F 6701 Aol 4
=+ 482} Martin Dunwoody”?} #-¢lo] Poincaré
7HMdE aiEstar FEeith wEEIAE
2002d 49 25¥9] “UK Math Wiz May Have
Solved Problem”o|&t A &0 2 o] AMAS HE&}
oot B2 119 Fo] & SRtk ARde] iy
HAARY, FEER =7} o] THES VAR FHAEE

4) Steklov Mathematical Institute : 19243 @dzze}
E=(Leningrad)e] zjAlo} 48k} Viadimir Steklov
(1864~1926)9] o|55 wA AHH.

2006 9=

Aol oy of 7huel o
Che ARS 9 % ek 20006 o] pe
Clay #8AF49(ES CMDel AF Al e
Hel B4 Fe) sk Hiek

g walol de] HA 3l

Perelmane 2002¢ 119 11Y, 200349 3¢

1093} 2003 7€ 179 ol 3HY =E&
ZH = AE o] SR

[Pell]l “The entropy formula for the Ricci flow

and its geometric applications”. arXiv:
math.DG/0211159 (November 11, 2002)
[39 pagesl.

[Pel2] “Ricci flow with surgery on three-manifolds”.

arXiv:math.DG/0303109 (March 10, 2003)
[22 pages].

[Pel3] “Finite extinction time for the solutions to

the Ricci flow on certain three—manifolds”.
arXiv:math.DG/0307245 (July 17, 2003)
[7 pages].

Perelmang 20024 11€¢] =& [Pell]S ¢

5) Clay Mathematics Institute :

19984 W= H~E 9
AF37F Landon T. Clayd 970z APHALS.
2000 5€ 24del dollA o] AFAa QLH:F
HALA ke Fad FHEAE FolH Id¥ EA
2 Febd 72 EAlo) 1007 23] AES yEds.
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HYle] %W & =A] Richard Hamilton, Shing-
Tung Yau, Gang Tian, John Morgan ¢ 10¢
Bol kAt Sl Al =it [Pell]®] 252 A
How HWth ¥} Yauel Hamilton & 3]
3l kgkth 1= 19949 o] FE 3§ W] =
WEsA] Fobd W FRES s vt
gx st JdJk =y #3Ar] 200249 11
el Poincare 7Hd9] A< AvtgE A= =

s}

ik
2 b

TS AR B FERtEe] 18] A4
AdEE dAS 7EAA HJqnE LA = MIT,
Ta2® oish, ZFFHlol tish, w8 FHU g
=)ol 2003 4€95H g gzt 1o A4
= 7FAsIStE 2003 49l Z™-AE thsho A
FAs ded, o ol Andrew Wiles,
John Nash, Jr., John Conway, John Ball 52| #
Wk FExEo] FAsYt. 1% Stony Brook
A Hogtol M= AF49E o] H AAS

= TR 19
&= & oleg ‘T‘ 9\)\12 Hamilton®] =<1
2 o 9 E23lu A7 uwjFol9l
organ W7} o] o] FAEte] AL €

b E&nlot tigtell 24kl
EQY ol A=H o] thshe

@_
__91_
3h91=el Hamilton w47} awsm oo} sl
o}
]

Perelmane m]=tol|A ofe] ztgle] 7S 3 &
AP HE JﬂEV\H 24 50}7} O]W]E%Ei -9

A53+ Perelman®] 39] =72 Poincaré¢
7V& ¥338H= Geometrization ConjectureZ a2
5}9&3}% Zolt). Geometrization Conjecture™ 1982
2] F5kx1el William Thurston ©f 2]5ke] A
714 —Eﬂﬂol‘:‘r(%ﬂﬁ‘ 61) ZLefx] o] okel]

AS 7HA AL YA AR e TSl o] =i
= A5t HES] Al&sisith A4 3 LFo]
Eo0]7kt= ARalo] A
3tk A HAZE Yau, Hamilton ¥ Yaud] &5
E7 o|Fo]An 1Eol1, =47} Bruce Kleiners}
John Lott & o]Fo|zl aFoly, npx|=o 2 Tian
# Morgan 2.2 o]Folxl TFo|th. A WA &
& 2003 v]= shshacozRel o 100 9
o] A s wrom At F UM, Y] F
T CMIO] A ARl A s wrom A7 4
YA} o] IFELS Perelmane] ATFAE 7]
Ho = sto] ofgfe] =iy} AES Pdste] 3N
=g

Ut

9

wie] A% Aol

[C-Z] A Complete Proof of the Poincaré and
Geometrization Conjectures—application of
the Hamilton—Perelman theory of the Ricci
flow, by Huai-Dong Cao and Xi-Ping Zhu,
Asian Journal of Mathematics, Vol. 10, No.
2, June 2006, 165-492 [327 pages].

[K-L] Notes on Perelman's Papers, by Bruce
Kleiner and John Lott, arXiv.org, May
25, 2006 [192 pages].

[M-T] Ricci Flow and the Poincaré Conjecture,
by John Morgan and Gang Tian, arXiv.org,
July 25, 2006 [473 pages].

[C-Z]&= &3)d <&Ad Asian Journal of
Mathematics (Fea] AIM)ell A=A LA
oW o] =R2 olE Yo SAE T CMIQ] S o]
Ao A 714 3 Heo] =S BHT vk ¢
ol ] HAITIAY] 7]3}af 4] 8H(geometric analysis)
o] okl AE AR & T FEAEY v=
gatgo]l AFARQl G Ftal drh= AREES &

utk AARE Ajote} o] FIAEE
ofol| A —?8-??} Aes Fstal vk A=
& £ Adrh(FuEF [5] FX) Yaud E=Q

Cao®} Zhu & Hamilton®} Perelman®] -7+43}

TS Y

9

£ 7|22 39 Yau9} Hamilton® =52 wolr}
M A2 WAoo m Poincaré 7HIEE }‘/]‘jjr
Geometrization Conjecture & 123} ctaL +%

A 109=



124 3HA

= [C-Z]& ZOOBLﬂ 12¢4
210 49 1626 AAZ

of Fasigleon =

Yaut A 20051 9%1?—151 2006 397k F
SAA Zhu?t Perelman®] $17-23et 159
ATAde] Hste] SPHE digtellA] wiF 3
AEuE st gh7] wiiol] o] w=is e AlYel
golstAl AAFE & 4 ATl skt Yau
= 23 49 13Y] AIME] 31 He] HALHLE
A = [C-Z19 AR AAIEES] odAE
AESIAE @31 o] =79 AAEdel g <A
AE 39 ool Bl = AHE aTeke AAls
AAe-Aoz Byltkal gk (
v 49 1690 =i AAE
sto FHNRQIT oFo g o] o] Aplo] & =
AAYZ FS A Zuh =% [C-Zlel st
Perelman< ©] =w9 F Azl 19 AT 4
sto] AR olalfstA] HXFPom o] molle M=
= Aol itk ARl oAS FEgith
Morgan &= 9A] o] =& dlgle] o]e} H|=g

FA4420 A4S WHIHY. Yau Z1F2 Kleiners}
Lotte] =i [K-LI1= Agde] dojxo] = 7
ojFor FAlshs 97lolt [M-TIell their =
T AAF] Morgans Perelman & AT2A3E
7lwro 7 o] [M-T]ollA Poincare 7HdS <+H
Al FHE o Geometrization 7Hd& thEA]
FATL FAHow oy T[ASNA DRt
M-TI= AAF Ao dom ARFdel v
CMI old Ho=w Z#d dAHot}. Morgand
Tian & Perelman ¥ A 3o d Fot Ax9-#H
o7 A HAEFS Tt [M-TIE Asstalth

FPF

—
—

Yaur= Cao®} Zhud] =% [C-ZI1& £x317] 9
3 20060 6¥€ 20 B LA 1o AFA
(Morningside Center of Mathematics)® oA 3

6) Morningside Center of Mathematics 1996%301]
= A3} FF Morningside F43]AFe] 7]
O & Yaud FLslol EAd AHF S A, ”L

2006 9=

A oAl F2d #Bsked(Structures  of
Three—Manifolds) ;& Al&Fo =2 ZFAsIATH (G
=4 [7, 8]) o] ZdolA Hamilton®] 93-S =

o] Brksh] 2z,

1.,

H

Perelman®] 448  7=8iA gUF0L
Hamilton 19821 Ricci flows Aetate] ol&
0]-&3}>] Geometrization Conjecture S <% 3}8
a1 AEskelth (G [2] 3HE) Riced flows

08D _ 9 pic(g()

o7 HdY mA Aoty of7)M, ¢ = AEH
T, g(d v 3 OFA e 2wt Al (metric)
ol Ric(g(H) & g(H © Ricci FECIth 19
B2 Ricci flow= ¥]A8 W42 (nonlinear heat
equation)e|g} 7+ 4= ). I I F Riccl
flow o 3k @ Ho] =75 WFsHA o] 714
< SHa7] HOH A& Ri SoldEe]
x5 HASH EAste] fyslorstal Ricel flow
o] AAR1 WS el ERsloF Stk A9
S APgsidTh o7, 1
A1 (uniformly bounded)
=] &l

icci flow¥]

Hamilton's Program=-
[0, Yol A T127]
9HIES  ZH= Ricad flowe] &
(nonsingular solution)zZ}al &}, 184 &= o
HAES 2t §8 73 [0, DoAY EE
Ricci flowe] Eo|H(singularity)e]d} 3t} o] &
OJHES oA tF=uUrt oHE AR Hol
A=Yl Perelmano] 4123k Tagorw Nz
ofojtjo]E  Atete]l o] WAIE  FSHESISIHh
Perelman< 19| = [Pell]9] 3%<] Ao 1-3
RIS

Thus, the implementation of Hamilton program
would imply the geometrization conjecture for
closed three—manifolds.

In this paper, we carry out some details of

Hamilton program.

ool of Q] Felshn g, Yau
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olgh AaL gtk el AF 3 Perelman®] Al H
o] =2 o] Foke] AEvIE olslsl] PE A=
2 W2 A vgo] AefEar ol FEo] ¢
AE At Yaus Perelmane 19 Al #Ho] =&
oA Poincaré 73S A5t HsA S35}
A &l e AR vk Fskal vt
Yau= Perelman©| Ricci flowe] Eo]d& A3 %
o7 BE37 o] FEAHY Ricci flowe &=
s Al 58 ofeltofol] tisiA= Eol

BrretodAIRE, 7o) kgt S =i [C-Z
oA 1ol Fx Cao9t Zhudl £Jsfe] o]Foix]
3 Fskal ok (s [8, 10]) 1efv o
59 FEAES ol¢t thE odS Wil k.
O]E<L Perelman®] W& FH2 A oA &
A TE 9] =gl = e Aol fl7] wiE
of Z¥ 2 o7 Geometrization Conjecture = 3j
AskActy =43k ) Perelmane o|n] AdF
sk oAl Aol =S HHde FEA g FashA
FAUTH= o] FEAlold o] #H A<l Ao g o}
A|aL Qirk, wkeko] 17b ARl kA ol FaL
Helo] oje ALl o 2 K-

2 A9 o =

—

THAl 23 8HA] ‘3%9}% Aotk sivkald A9
o] AAIHE thA] 2ohH o] =it A ARt A
of A 4 el §lar 7) kA B =il

7b & Aol7] wiiZo|th 1A 19 =iES Al
A7 AFEHNE HoRE *@ﬁﬁ]"jr(%ﬂ%—d [3D
o] oke] M7k oy ANt date] =7 miHl
U Geometrization Conjecture (5% Poincaré 7}
*4)7} H%ﬁzi A= A= &4014. goz 2

W Aot} Perelmam} Hamilton 0] o] Aa& ¥
TOR o] 71 JheAdol Avta A A
st A5 AME|2 u|FojHo} ojnlx

]

o o] /\L:L,]

Perelman
A= AR A 2o CMIe] &%

James Carlson®] ol &3}, whef 17} o]
=T FAE AFSHE o] Aae Ao} skt
7 T UE HEOE ARRE £ EE =F

ATk 7138 2ol W)

Perelman< 19669 69 13¥¢ #dzagi=
(Leningrad; AE #HHAF239] dlo]F)oA
8- A7 FEA}o]

A AN et 9] ¥
I RIS /\tﬂ—LA]—i 6} j‘o

HARE A A5S Akl 198210 Ao}
fIsEHel daow FAFe Syl Wi
of mye wom Fude A5 1 F Ay
aebe wy st ksl 1980 bl
HpALERR) S Wk}, 1 - Steklov A T4 A
THoz2 FHAFP o, 1992yl Courant &<
T2olA 6704, Stony Brook & FHtiglelA 6
M st 2HH] AFekdrh 1= 1993del=
W2y thdtel] Miller Fellow2A 27k %3 ¥ o]
Agsialen 1994l = 2912 F2ls]olA i
el ICMoﬂH Z37AS 7= 3tk 1995
o= 20lx= i3} 5 ofe] tigteld 2E5 H&
sl oL T% 218 AYAT 1= BF A4
S JE sfEapEaz Eobt Mt dwe
WEE qellq 18 AgalEa oAl oA
peetgizn, 2 wel 88 U “If they
know my work, they don't need my C.V. If

‘HL

w _1

ﬂ!lﬂl 1>

they need my C.V., they don't know my
work.” @ whkekgitka Stk 1= ekt tjee)
JEeE welE A 712a 5 Z4A gl 7
23 vk s}, & wbx g€l (Rasputin)?)
AY AATT Bk = AW 12900 Steklov 4
SATad WiAS AHtD JE s
o) sjgoln mAY dFom wH A FWs

Al A grka @k,

olAl dare] &S
Perelman2 ©|u| 953
FreH ol WS wow Fues 4
sto]  oHAFE FEE TS AL}
1996l = 3|l Fofst= 4
e At AL ER TR
oA 2o A Ad= Frke 5= 9l

7) Grigori Yefimovich Rasputin (Russian: ['purépumit
EdumoBuu  PacyTum, a8 a1y gf e
(1869~1916) : A4 AJH|g]o} &Aoo 2wl 3}
Ao Folz B AT=Y eAol AR FuAL
19160l FASElA 9%

A 109=



SAth= Aol Ak AR ol F9 sheltt

ol A= 4 A= A AAl AlAo] S

22 dozith ool FAARE a7} eutEE

shths gx vheal ARl 19 #4gh whga)
]

= 7)xpeke] Qe Rl A o} e}

AR AEALNA o] 5ol o] rtst
7 ] 7(1—1)

o) Witk (e [1

“I am not a politician ! I'm not going to decide
whether to accept the prize of 100 million
dollars offered by the Clay Mathematics

Institute until it is offered.”

AA}= Perelman®] ShHi-S ool A3l &
a5 AR v AR gAY OE e 2
= Abgtt ofe] 7IAbE EEliA o) A
ojfXe] 7= 4 vk e AlE
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. ko Rk ol oS
. e T ofg EopllM =
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AN 7h7 A

74 :szi»s],giq% AL=N :L-J Ricci flow®]
Solde thie A7 o9 fAKE o W

AE o el 588 5 dvke HellA 19
o] A7gAe ol WAl it e %
A5o] 18] gHo] Za ofEwTh= 5&*}% LR
Rk ofye} 1o 2 gAS o] Fo] Wl A
7] FEpApnl ol olF E3HALe] %Udoﬂfﬂ
hAbAolgta ol s ow o
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2006 9=

o HJAHE “U7AAY FE’(a  triumph  of
human mind or thought)gil 3}7]% ’FFh:} Iz}
= o] xdo] olF AHdalriar Ayzteity, AEA o
2 e AA eI 2 VRS 8 —’Ffi} Ely

ol ARk 710 S Sl

Perelman & A 34 &<k &
o] FIER AATHE F
g Shd Ao=m JA%
B 4282} Shioya®} Yamaguchi 2
[5De] 9] =Fo® 2005 d 5 38
A, 53] I+ Morgan ¥ Tian 59 A9
A RS Fate] SRR A
stE Ze= =eutar gty ofukebd
[M-TI7} 1¢] Ego= AAHATHE AR
Morgan ©] ICM <SIEJHelA H&st 4 ik
GFafa [15]) oz Holx 2 Fore CMI
oF o] HE7bsel okl 19 Al T =&
[Pell-3]¢] B5H HAH H5S whs #rk o}
Yt Cao$t Zhudl =&
Z=o e Aot}
AL 7IAbel SJstH T1e] FRlel] W, A&
e HAIEAR] AFRHLY] THE, A=

B8 o4 550 B @ o w

e

Mo AN o X0 uo k| B
e 2
B

[C-Z]1%= AA] dA% A

I Azrgknh 7hE eAlole] AjRlojm A7Eel
Boris Pasternak (1890~1960)¢} =& ~eo] 2
E59] ARl Jean-Paul Sartre (1905~198
747 195897 196410 = F5habo)
< AFEaL, WEE] fulytoln A7}
Le Duc Tho (1911~1990)= 1973\e] =
Hel g s ARSIt ol5E2 HA=E
Poll Al 7HAA &td Abgolth. &

of ¢]3bH Perelmans Aol H]&] 4280

ox [r

o T Mo o>

0 Ay K 2 b oAoE 2 S

o oo #Ee =75 G
she] QT $Ee AW FoHioksl Fuhd
2 @ FHE WAT F ik AA FIAS
AHE ol do| dojupd @r)E vhet wolr}
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&0 | Aolt), m19h YA ofz Fwle] Aol
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alo] Al @ W A7gAle] FElE olfo] Fgle
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3—manifolds via the Ricci flow, Notices of
the American Math. Soc., Vol. 2 (2004),
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Perelman<] 459

1
roper”

—Poincaré 7’43 geometrization -

I. Poincaré 74

Poincaré 7}dd| ##3+ A= o
tusld mpgkt) oA Y-

(

flo 4o o

E[_}__
et ol &g

Poincaré 7Hd ¢ w<=A A (simply connected)©]™
DBl(closed) 32 kA= 3% (sphere)
S3 ¢} Y453 (homeomorphic)e]t}. o] A& T3k
ol 231 3 A4 vl §° ¢ vits
& (diffeomorphic)?o|tfetnx 71<d 4 Qi)

D Axk= 99 =% Eﬂ“ﬂ—?ﬁlﬂ*”ﬂ A S| A = -
Bl 2312 Fields Medal $=3#k1 Ao} =gk}
Grisha Perelman(1966~ )o] & &gt =& A&
wol 2 AuE 27 HA

2) Every topological 3-manifold admits a differential
structure and every homeomorphism between
smooth 3-manifolds can be approximated by a
diffeomorphism. Thus, classification results about
topological 3-manifolds up to homeomorphism and
about smooth 3-manifolds up to diffeomorphism
are equivalent.

2006 9=

Zk 2)ell ate] Skow ThkAlE wiIre-
(smooth) ThFAeltl. A7]e] 7Hde 1904
Henri Poincaré (1854~1912)el <lste] A7]&
olH1 =93k EAot} 1 FTHE 20029 11¥€
1149 o] 7HA= o] 7ol mlafdl A= UQ
=4, 99 ¥#ol| Perelmanol] &Ja o] 7o)
=0 ARdo] SHEATY. 1= Hw FFH|o)
42l Richard Hamilton(1943~ )o] Z<tstk
Ricci flow WA2e] Eo|HES WA 85

=

o=R 719 FPae s EBNR A
& b S ool A AR 1A
A ASet A48 ol A sola gl KT
(toohs} BIZHE o g3te] of 7HaS sjdstelnt
= slelek of el dfae sigsiel Sl
shoAste] okt vl AHE WA Uee

HoF=an gt

19763 Shing-Tung Yau(1949~ )+ Kihler t}
kx| Atoll M 9] Kihler-Einstein A& (metric) S
Aale], o] AES o] gsle] A9, Severi 7ML

3) Every complex surface that can be deformed to
the complex projective plane is itself the
complex projective plane.
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SHaklth o] 7HdE JAT|Erst Eofol 49
Poincare 7Hdolgl b4 4 ok 284 914
Gt 7|eksl Eofell Aol Al7E EfAEte] o]
Ha49el o= sdad 4 ks Aol §f
T3 9t}

o
o
=

[}

II. Geometrization Z21H
$1°3=8Htopology) el €AY o] thFAle] w3
o] uxHYaL, o] dIAE EFRIEHE A=
7b Z715H uFEAY 23] g (FES
= 7 e tEAAMT =) 2xkde]
(sphere), E&|~(torus)?} = o

T(genus)7F 2 ©]
Yol = §lth 7oA Sl g
AL T 52 de FE°] 191 7|8k +Z(spherical
geometry)s = T 93, Egzde FEC] 0
(Euclidean ++%), 1 WolEe ZFEo] -1 o A9
A=t :rL Z(hyperbolic structure)s = & It} =
Z9} 718t 2 Afolell= ol ‘j—é@nﬂ 47%74]7}
olgl% TSAE EReh=d g
o] &% F Utk Wiol 32}*& ohEA| o]
g8 Aol 429 W. P. Thurston(1946~ )2
geometrization EEI1o|t}, 1 Fojr 3z
ks 25 o 3 22 (s ASEE U
H, 747te] 57—}%] o

9 Wl Tl v

ot

x5 M

d Aol

TUE AL 93-S vt -4
7} 719k (irreducible)©] g
2211 +7F 32 ball= bound g uj

a)
td
r{n

o]t}
Helmut Kneser(1898~1973)& 1929W¢] t}&
o] AYE Ak

Kneser A (1929): 017 32 b4 p <
321 ball& bound 3FA] Fomn wjgwE 2219
55 et A=W fEle] 24ERE oA AL
7ro] Z7VE2 7)eko] Hr)

N

=R 3 oAl p o ATl E8le Y
A (uniqueness)2 John Milnor(1931~ )oll ¢]s}e]
SHIAY. FuEH [16]S Fx35H7] Algoh

olgA I RAES I 9] HEH By

(incompressible torus)E Wz} A2W FHFEH o7
A FZE0] o] B2 olgle 8 T 3

7HA 718k FERE et 2
X239 T geometrization 7 (Hd3,
ojt}. 74 iAdo] B

15
Al(locally homogeneous) BWHZE

0] geometrization
GO)
aaa=ly g—/\ﬂ o7 =
lgeae

=, olAL T2 A (homogeneous metric)<
zt= A2 2(canonical model)&F7HS AT
3+ o] Akit(discrete group)l® o] HHEo] A
= gAelth 54 FHE oo o] f
sk AH o] gdAE e 4 JE Lie w2 8714
gl gtk As Hol7le= g of#e 42 of
Y ok o] 8719 7|8t Fx2E YEEid
S8, E', H*, S’xR, H*xR,

Sol, Nil, BSLTZ,R)
oty 7|4 g3 & 3xH "= ¥ gl
= Poincar¢ WHEW, i -1«
Hadamard 32Hl ©hFAlolaL,  Sor
¢l 7}t (solvable group) A e
el (¢ ¢~ HE &Sk ¥ oA, Ny 2 3
ZF Heisenberg +, & tiZh A&o] AR 19

E0]
2 RIxR*
eR7t R?

th. 2@ LR & H2 9l DM Aok

(tangent bundle)®] BHA Y 7)(universal cover)
oIt} Sol, Nil, m) Aol= B AR
(left invariant metric)o] oA US F5H7]
vt} £3] Thurstone H3-7%, & A4 1%
o] #AS Wo] 7}X|a1 Haken hyperbolization 73
= Srgokelnh 3 TrkAl y Sl =0 3
= i 7 BgE A (incompressible)ol @ 7]
o o (F)7F FReR
map)ell ole] 7z, (M)Ste=
o] 2 W& onjgitt. 3xk4
S 7L A ol9lell=
Zk2] ko pi-F2E Ztete ot =
A (graph  manifold) @ FWde]  gl-th
(circle bundle over surface)?l ZZES EF X
BAE wEt FolA e tdAlE Eelth o] th
A= 19679l Friedhelm Waldhausen o 2]3j

(I
-

F kA (inclusion
3l (kernel)©]
FA7E B =
HSE54 EHAE

glol

4) If M is an irreducible Haken 3-manifold, i.e.,

M contains an incompressible surface of genus
greater than one, then the geometrization
conjecture is true for Af.
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Al sl AFEHAT FaE GCe
7has mEP vkt (M) ={1} ]9 H
WA Eejzrt wigEo] gle g glemm i At
A7y B o) AHE F fle 27 oREA 87H]
Al shte] G 25 TR ok sk, ry (M)l &
wolRR  §i-EE JhAeketal B o, (M)= {1}
ojmw ¢3¢} 9 A vol §lok. Thurston
9] geometrization 21 e HT} AbAS
g2 Fnwd (1], (1719 (2318 Fashd up
S

Poincaré

Siel el B

HbA Hamilton?} Perelman<
Kol

BAS 7RIl Ricei &9 98l wH5912 Ricci

T-8HHA] Poincare 7148 d)43st7] {3l
&3}ty Thurston®] geometrization X138
I PR o' okl Tl AF
(homogeneous metric)s & & U=7E 2= A
1el, heat flow oIA¢} PRI E Foi7] E‘r"hﬂ
Aol ofH AFE F31 Ricei flows wel Al

s 2 shH Aol AlRFe] ddstA wiitEo] 5
] Ao m e Fojel= Ajto|Rnt o] o4
o] Azste] w1000 W ke wmlsA A%
©l Poincaré 71d¢] Perelman ol ]3] 2= At}

flow & <

fi

mN1

[l. Hamilton o Z=T=124

23] 221 7 N o419 Gauss-Bonnet &2

| KaA =2zx(N)
< NO 7 “d(topology)¥}e] 21l
obETHE BAE ZHolet & & Yok
A7 K = ¢ g 9 7P 2 FEOIH,
dAT g o WA x(N) = N 24
2 A|zolth. o] B2 o] uir)siet

i1
)
fr L

oH}:oVEFE—IH
JZW‘_E—&
EO&#%N

=]
)
o *
(e
i)
B
o L o

o2
—_>‘4—I‘4
=
o
3
>
RO
2
|
[

L)
S 3
s -
)
f ol k
02:_, mlo
2
g
(o ™
ol
ol
s

o2
2

ol ~zet FEo] Al #u ARS
A7F 2% Yamabe FAo]tl Ricci ZFE0]
°]l Einstein Al%S Fsled, gubzdo g v}
% 3= Einstein ®A2E sfe] &A1

-&Uo.?_ﬁrlf
_,—1)' iy =
o

2006 9=

wato] AT-alloF it

Z3MAd heat flowoll 33k Eells ¢ Sampson
o] AT Ed [7Dell dES wroba|, 1982w
Hamilton —8: _)_\.7]‘E]' w'-go] 01:.9] @'ﬁ‘lo] %EH_TLT

[e]
E(sectional curvature)e] 2] 4}<=2l Einstein

ARE F37) el A Ay el &)
Ricci flow
(D 2800 — 9 Ric(e(1)

2B A7IM, ¢ = ARY RS g(p

BXP*L oA Aol Rk AlRK(metric) o] a2
Ric(g(H)) © g(f) 2 Ricci FEo|t). a8jm=
Ricci flow A8 A9 2 (nonlinear heat

equationeleh 753 % glch. @ FE A

Rm & 2402 Ry = #A8H Ricel ©

A (Ry) & Ra= /.szlgﬂRijkl olar ~zZbg}
B R & R= .2 8"Ru 2 Fojur. o))
Ao (gh) = A" A (g, ° d84delr o
222 Ricci flow FE3], RF) (1)

" Lgi= —2R,

o= el
of st

4 gtk gubE o= RE (DO & o(4)
A% oo wE oA (M, g(p) O

f RAV
oy vhEy] Wi [ av ozt wou
A5+3}E (normalized) Ricci flow (2F&43], NRF)

(@) %gi/:_ZRi;""lVgi/
ol vt 1 o g())®l = ¢ ol s
dAstoh.(Faed (2], [24]))

Hamilton 2 t=2] Al SE3ith

2|l 1 (Hamilton, [8]; Short-time Existence
Theorem). M ©] 23 5, 2 TdAola 7]
A 23 g(0) 7F 7oA Aok apxb 12|
et o] A¢ T 7 *ZLZH'S}O% ek TRt
[0, T) °IA Z=71A 2718 wE3sH= NRF (2)9]
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3l g 7t FrdEA EAE

de| 2 (Hamilton, [8]; Positive curvature
solutions). M ©| 2%l 3 A ThgAolal 7]
A g(0) 7F ¥ Ricc &< 7FItha 7148t
2h a8 ZE [0, o) oA 27IA] 2SN
k= NRF (209 8l g(n7F FLaA EAlsh,
t—oo AW AY g(pv DHUFEC] F| 5
A AF g 2 AFH 2 2(exponentially) W27
FHIt. 58 M 2 SYr - w3 %
spherical space-form)9} V]H-53(diffeomorphic)
ojty. 71N = T xS 5P o' ©]
Folxl kol

A 2% ¥% Space-form Theorem o= <

BRI

g 3 (Hamilton, [12]). m ©] 23 3 24 t}
FAolet skal, B= >0 o disked NRF (2)¢]
a g(f) 7F EAFTL ApgEAL el

L=
——]—]jl__

ty0 o diskel 2wt =E WA Rp ©
IRm(d)| < C ° 205 w5k 7Hgskat o

714 ¢ & ARE Wl Fakgk ofw ko] Aol
ot Wy o ddl  Geometrization
Conjecture 7} Adggtl. Adrt ol
(M, g(p)) © HII5H
torus)& kA

M= M y;ch UM thin

i

t— oo

E#2(incompressible

o7 EErh My Mupins Myicn?t My ©l
&% Ao file Eel2=E5e] disjoint
FHFelty. A7 (M » &(D)= F37F 73
Q1 gk A RS disjoint FFFoE 9
stal,  (My, , g())+ &3 Hcollapse). THA]
W (My, , ()= 18X tEA(graph

manifold)e]t}h. o714 |Rm(f)] = FHES]
ol Adigks vehdi

A2l 4 (Hamilton [10]; Curvature pinching
estimate). g(¢) 7} 23 32k TFA y o
RF (D9 slztar spxk 189,

(1) —0 2 2L ZH= 8]F7Hnon-increasing)

t—oo 4 o

T gi(—co,0) >R 2 g(0) v oESH=
&g ¢ 7F S

(3) Rm(x, )= —C — #(R(x, 1) - |R(x, b
o] BEAs derh
e AZRE  (y,0) A g(p o BE B

HaE Ry < F52 39 9 Fholl oJate]
ofgfol A F-Al(bounded below)S & 5 AUtk

Eb w2 L& v AS A s
dl Harnack 542 $8% 945 . 59
Ricci flow ¢ So]d& wAlste] ols)slr] 98
X+ Harnack H-524]& ZRAorw 93 I
S e =TEH 1993l

(e}
Hamilton2 5 ) SA 49 Ricci flow ©ll

)8t Harnack $-52418 Z4315ch

32l 5 (Hamilton, [9]; The Harnack estimate
for the RF). 1 & &°] ofd & FE4AE A
oy A Ed kAR sk A
(M, g(H)E M ¥l RFE slietar skaf. o4,
Aejo] WEd Wk 2-form (U ol Histe]

(1) M;WW+ 2P, U W+ R, UU" >0

o) wEao]l A¥ATh oM V2
g(n®  Levi-Civita %o 3¥ wieln

d=giv v, = ZZ ol Axkolet &4

Py=V Rjp— V Ry

o]j_r
1 kb _lq
Mi/:ARij 9 VZV/R-i-Zg g Rz'k/Zqu
— g"RyR; + Jz;Rij
ot}

=% : B. Chow ¢ S.-C. Chu & 289 &=
[4, 5]°llA] Harnack 52 (HE 713184l
HoJ A ATkt

Hamilton & o2 7Hd& #7135

A Hm

;O
o

74 6. do9 7] A% gy = 7K 23 3
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o oekd (M, go) ] Ricei flow ol tiske]
Harnack-E}81 9] F4(estimate)©] 3 HgHc},

o] 7}4& Thurston® GC & sjdsk=d v
Tagh gt

hul

18
ik
o

Ankx o @3l 3 29 thdA] Aol A= NRF
2)°] &l g(p o IE
Rm < t—T7 4

FAlOIA k. o17)A \h@m
i i

- \-/ .

[0, 7) = 9] a7t
A8k f1g Hd A R
ZF F7keltt. ol gh
(2)9] Eol4 gl
(singularity)e]2}  gtc}.
ghdo] -3k 3F [, oo) oA A=A FAY
(uniformly bounded) ©AZES ZH&= RF (1)<
= ¥]E-o]dfl(nonsingular solution)#tit o},
Thurston ¢ GC & 31Z3}7] 913, Hamilton
< RF (1) & FAAHA A8k, 271 A% g(0)
7F oA AviH, AHEg 7|8 surgery &
Faste], RF (o] 718ksr4 Q] F+ZF(geometrical
structure) & A (FEE A3k evolve)ditl= AR
S eyl A3 A9 Hamiltone] Z& 13
< ARMEIYE Hoh FAFoR ARshd,
Hamilton®] =Za22 3391 oA A2] Ricci
flow ¢ A& ol#fe] F+ A4 [Al¢} [BI=Z 4
o] Fal= ol ATgolrt

0

il

i

[A] RF (1] ~°l HES BXala, 7]sket4el
surgery S 3 ¥ A|3Ele] H]E0lEE
Tk 2.

[e]
R

ES

el

é

[B] %8 3+ [0, oo) oA 124
(uniformly bounded) ©HH=-&
RE (D] v]5elslss 253t

o
rlr

rir
_%'L_ll
o

IV. Perelman?| &=

oA 7reFs}A Perelman®] EF¥3t A4S 7]
3tk $4 Kneser?] Aulel &3fe] dubAg
QA ¢Fa 3L YA g S 7

o >

SK(irreducible)

2006 9=

)]

o=t 714

v Fuksil, o] Af= olgiel @

o] T B2 Uprol it

@A 1. 5o

NRF <]
(standard
(neck)"¢]

\

o
|
7

C BE S0[™

DA 2. surgery & Al3slE}.
T; o] SAoA Yy SZHE
(cap)= #et WL, o4&
7% (spherical cap)®o.= tf

Qr(p)

Qj(P)

_4

(£ surgery) AlZF T, olA9]
O] 159] A (formation)> X3
yoltk: SoldEo] "F(cap)” = "

ol

JN

.

“r
“
0

C
|
N
I
A\

(standard singularities)

|

o]

et
>

[ JlN
>1\1
iy
-
0% rd Y

(neck

S %
(ot

-|-l N

k)

ol
-

g, M

2
o o
X
e
k)

eck o <
-~ -
= ~—— =
£\ = I
= = =1 I/j

e ae =

/

)

—
| k

2(neck; = HFE(tube)) surgery

3% 3 : (cap) surgery
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ARG, A T M, oA B

Eo] 42l AE(component) 52 A|ATI] A=
= O o & ek ASstd yr ol
Ricci flow & A]d)gtt

E3T o 9 ASole wHaEe] ddd
Ais AAst =y o] fd2 WEkA gev
M=0 % AF= el @H=FEo] &l
Aol EASER y =S¥ ¢k mEsdeltt
M=¢ 0 A5els e 1o surgeryes ¢
Ricci flow7F gk AJgro] Ak $of  APE
(extinct)dHcjetar @}, it 7t GCE wH5shd
M = GC & w=3it)

WA 3. Rdel TaKow Fale Sold A
ol EAGE & AzE P [g, ) oIA Bol
oF 3t Mol surgery 3} Ricci flowS 7A€
sko] Al o= 9l

A 4. FHE 2 A s o Tel wrEA
< e g =
M= M i U M i,

E ¥ 2(incompressible torus)E

o% FET foo0 AW My o HEES
Fu7F 53021 A A AR SHEEAL My,
o] MEES Bt}

@A 5. My, = L8 thEA ot

Perelmane ) o SolxE9 Fx7} o<}

thin part
N

Lhicﬁ( part
(hyperbolic piece)

thick part
(hyperbolic piece)

thick par
(hyperbolic piece

thin part

\
X e-tube

e-horn

double e-horn
capped -horn

8 5 : EolFel =
22 s AMS 2k
a8 49 a8 5% ZH7} Yaud] =8 [25]9
20%3} 18%0] = IS 7P gTh
Perelman2 19| =%

tube, ¢— circuit,

[20] ¢ A]

e—horn, double

e —neck,
g—Cap, e—
e—horn, capped ¢—horn 2o 7WEE& A7iskA
Al BoldES EAsh TStk e AW
A8t ol59 JidEe] dwe A
E9, 1§ 594 & = %ol double g—
o] 4% & FEAAE= 27 JFEo] T3

= b, e—tube o ¥ EF FEddA=

274} FEo] fAlolth Ed I g—capd
—tube Qtoll XFEH U= BolHES BAS

H(surgery along S? )& A<ttt st =
oksldl 1% surgeryE AW Ricei flowd & &

€
v AFs] fEliA $EE wEbA gk surgery
v

8 il

ol AEA AFste] GC & al43kalth.

A
Hamilton & ©7 1& siZ3sA 3ot whdol
Perelmanv— 1ol =5 [19]el dA 18 &2
3k ar, [20]914 @A 2, 3, 4 & AeHoz 3§

Az :LE*H] Perelman & %A 5ol djalA]
= ARAIsHA "4‘340}741 okt 2EiA w2 58
Zbso] vl WA =g 7oA, s Ad 3

d Bk A 5011 At =55 A @Ik 1
g @A 55 AaretE o R o)A ok A=
5) FuE3F [11]914 Hamilton & ojw E43 45

S 7= 421 gAY 94 dFshE Bl
M Ao & surgery & AW Ricci flow (5, Ricci
flow with surgery) & 2/13FiT}.
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T A3 fdEAES w1
7Bt (M) o] FIel H9-+=  Takashi
Shioya®} Takao Yamaguchi 7} 1E59¢ =&

[22]94 Perelman ¢ =%¢ % WA 55 S48}
Aok M o AR m(M) o] FrEkrel A9l
799, Perelman < 19| =i [21]dA] B0
Ay Ty, -, T, ©IA surgery & 3 F,
t—> T, @ W o 228 550y 39
EE AollA oo ©F blow up FTh= AMLS F
okeler. o] Afell= ARE T,y o ZAIA

s E}ﬁ% E&  9rolmE RFY e
t=T,, oA Apdsich oA =83/ °lth

AEH o7 3x9 v Poincaré 7HES =
gk Zlolt}, ¢ T. Colding® W. Minicozzi II &
6ol (M, gp)ol 3ol &3l 3
2+l opekA| 24 aspherical® 3hA] thar shA

fr of -

p=N0} 1=
1= "13__:T’:

gij: v gz]
°]iL Ricci WIME R ,=(n—1) g; &2 Foizth
A71 gy & WAEC] 1A g e AR

o]a1, Ricci flow WA A o]

0g;: — o7

Yoy _ B = — _
ot = 2(% ].)RZ/ =, ot 2(” ].)
ox Folth  uy1 o™ [0,7) (&

=505 )0l ole] e

g =) g,
O %) =r40)—2n—1t)
o Foldth v welw, T fA ol
3]

Hog FHatal ANk O R Ricel HA7F BE A
oA =9l A4 Z23F Ricci flows Ho.
Aol 10] HESF ~AY(scale)std T+

Perelman®] surgeryE A\ Ricci flow o4&

6) k=2 °l¥  z(M)=0

2006 9=

Solo] WAsh= 3ol A surgeryE sHA (o] A
P E W gy & 4R e Ao
Ricci flow7} Fhoi7bA] 2 4= Qlar, F-ghdjel A
<A HIEA  E#X(incompressible torus)E
w2 FA7F A1 A Yol R=d A=)5)
£ zZhes 27 (e ST 2= gdAl(graph
manifold) = Ur—roi it}

Perelman.2] A&l #3 Hr} ZASE &2
Fawd [3, 6, 14, 15, 18, 22, 24, 2518
sk wigit},

1o
[ &l
fr
5
o

ajAeke] = —3‘ Eﬂﬂ‘/]’éO}ﬂ] *}%O}Uﬂ GC
Asirt. A Cao®t Zhuie 159 =
31914 Perelmane WXy ot WHoz GC
Asteicta Fgsta ok o g [3]2
AAsHA dE7beel o8] S E oo gtk At
oF 4Wd7F =% [19, 20, 2112 A &S wojut
o3 QF7F Utk Aol datA
%ol Perelmane] #HF4o=z GC
I W3 ¢ gtk GC7F Fa%h W
&

mlm = mlm rsi' K

Alo]7] wjZel Aol ko 2§t Clay +
STt o divkeed dd Ase TE
Zoltt.

2o} s4" &S A7F U] Ak At
Perelman®] Z i1 o}&t}e A
A

=
]MM% Lf,]ré]jl Aoy, 19 =S Al
o

A Avkst %% 7NIAA 27 T &
w3 [13]& FAE0l 452 dshaA o

3|
e =2 vy @t
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