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R. S. Hamilton & 1980 AU A 7 v — &2 E AL, AfdLAEY )
FrEZogdMEE UTE NS, ALY ) b ZEAR ST X DS
XN T &7z concircular field 252V =< VEHRAEDFHIZE DL L Z &
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AREFNZBWT, (M, g) 2 1F) = U EikikEERT.

1. W3V Y bi2oWnT

U, LAYV P VOEHREIBRND.

EE 1.1 ([12]). M LOSEH~Z VG X, Ve RIZHLT,

1
Rg+§£x9=kg

Ehizd L&, (Mg, X) %IV bV EIRR. 22T, RIZEMDORHAT7—#%E, Lxg
gD XIZEB)—nEERT. A>0, =0, <0&kdeE, i, &E, KKk
WS, M EDESHREKRFEZHVWT, X =-VF, 34bb,

Rg—VVF =)\g
LB &, (Mg, F)ZAEIEY Y by WwWS, FREROLE, (I4Y ) b Uik
HHTHZ L.
AV Y s ix) v FV Y b e HHMOHEATH 5.
EE 1.2 ([11]). M LOSEHR~RZ VX, Ve RIZHLT,

1
Ric + §£Xg = \g

Rl e E, (Mg, X) 2V vFVY PV ERR, 22T, RickMOY vFFoY
WEERT. A>0, =0, <0&&Dd&&E, fi/h, &ZE, HiREWS. M LOWESH
B EFZHAWT, X=-VF, §4bb,

Ric — VVF = \g
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LibrE, (Mg, F)ZEARY) v F V) kv ens., FRAEHROLE, VyF Yk
VIZETH S LS.

Uy FY Y MITBEWT, b EELHED 1 DITROFEANDH 5.

F#8 1.3 (Perelman [17]). IEH# % £ D 3IRIT5elH k FEFREZ LAY v 7V U b UIX
[FEEFR (§72 5, BryantV U hY) 1275725 5.

ZDFIEIEE < OWFEEIZ & 0 Bx DIERIRD G- 2 5172 h, B Brendle [2]
XD BEEMICHIR I N, 134V ) b IZET 5 Perelman PR & FHLIOREZ XU O
2% Z 72D 1% Daskalopoulos & Sesum TH5b. D4, Catino-Mantegazza-Mazzieri,
Cao-Sun-Zhang IZ & D if5EHH#ED 5 N7z,

EH 1.4 (Daskalopoulos-Sesum [9]). DW= % € D 5 Al 2 30 S84 ) Bl 11154
VU b VIEEEENRTH S,

EI 1.5 (Catino-Mantegazza-Mazzieri [7]). FEIEY v F 7 >V )V &K D5e A bid 11134
VIIYT, Vv FTUYLADRHL1IETIETHDLTDHE, IS THD.

EH 1.6 (Cao-Sun-Zhang [6]). IED AN T — i3 % & D [ L H SE i A fid 1154 Y
U b VSRR T D 5.

IR 1.7 b, a7 MBEILAY Y b VIREHZRE DO U RWI EAHIS T W
% ([13)).

2. WAV b o—i#&kikE
3V by O—f{bidBE < mosnTns

1. almost 1134V > (Barbosa-Ribeiro [1])
2. B k-1134Y ) b v (Catino-Mantegazza-Mazzieri [7])
3. h-almost AJELIIAY ) b > (Zeng [20])

o DHEAZ 2 TELE TCO—MILIX Catino-Mantegazza-Mazzieri (Z & D 52 5
nrz.

E2 2.1 (Catino-Mantegazza-Mazzieri [7]). F,p & M FOWODRERE TS, (M, g, F, ¢)
PAEIEY ) s Th b & IZR &z d e E x2S,

pg = VVE.

HEE Y U b VIEHEAR [19], Cheeger-Colding [5] 12 & D iR S T Wz, Kz, H
RIZRODE2EZTND.

EH 2.2 (Tashiro [19]). ZEMAEIEEY ) b ¥ (M, g, F,—kF +b), (k,b € R) IXIXD
S5ODATHD.

1 BEER x N, 22T, NiZ(n—1)IRIT5EMHY —~ > 2K,
2 E,
306 L < IFEOMDENEZEM,



4 H",
5 S".
EHIIEEHREMAEILEY ) SO BEEE 5 A 7.
EIE 2.3 ([16]). FEAMHARTEMANILEY U b2 (M, g, F, ¢)
¢g=VVF

FROWT NN LB,
(1) 2237 b D EECHFE,
(2) MELNFRTH D, ROT— TR D
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(R, dr*) x;vr (N",7),
M OIR % i 129
IVEPR=R— (n—1)(n—2)¢*> —2(n—1)g(VF,Vp).

CDOEMAEFHT 572012, IROMEZ/RT.

& 2.4 ([16]). (M, g, F, ) Z5maiitZy ) b e 95, 3. = F (c) ZIEAIV
RVEE TS L, ROPEILT 5.

(1) [VF|, p & %, LEKTH .

(2) S PHEZHAMRE By = Frgar EDT 5.

(3) PR H = (n— 1)Ey 1& 5, EEBE R,

(4) FOIGESRRERS WL S8 B, OFEEDERE F (o, B) IZBWVT,
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= | = &BLE, R&[F5.
r 3 < R%& 1

g = dr? + ga(r, x)dz"da®,
VF = F'(r)o, (= F'(r)d,).
7z, —EMEELS e, FF>0:LTkWw. VU MUVARALD
F'(r) = ¢,
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F(r) %
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1
Bab = 9(31, _vaab> 255’19@

EMTS. LEXD, .
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IRD3IDTH5.

(1) I =, o] T, F'(ao) = F'(Bo) =

(2) I=10,00) T F'(0) =0,

(3) I = (—00,00).
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Fi37272 1 DDA R 2o ZFF DD T, r(z) =dist(z,z9). &2 T, L. ={F(z) =c} =
Stl(xg) & 5.
(3) I =(—o00,00) D& & :

a,byc,d=2,3,--- nIZNUTRZEZRS.
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Rayy =Ray — (n — 2)(F")? + F'F") G,

1

R:(ﬁrﬁhwn—nm—zm—gz—mn—n
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2.1. EERXIFRIE

EHL23 KD, SEMAEIEY ) b YD EEMTH D T & 2RI ITIIEE2.3D (3) D
BEDAEZNTI NI b2, 22T, FH23E2HWT, AfEHEEY ) NV
LR & 22 DR 2 AR B,

L 3xkoigy v b
91, Cao-Sun-Zhang IZ& D E X 507, 3WRTIAY V) bV BRREEEEFRTH 5
T &RY.

% 2.5 (Cao-Sun-Zhang [6]). FEEH, FEFEHEZ 3w eMaiILLY U b >
(R—\)g = VVF

TR>0IXMENFEE RS,

[RERA O 1 )
_ F// 2 "
_ N—2p _ _ - _ _
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1. FAr AL SEH
M DBEFRILEEETH D 21k, RETZT 2220, dimM =3D &, C =0,
dmM >4 EW =0. 22T, CiZavy r>FrYLTHY, RATEHEINS.

Cijk =ViRj, — VR, — (9xViR — gV, R).

_
2(n—1)
¥, WIE7ALTFUYILTHhY, RATEHRINS.

1
Wiike =Rijie — m(Rikgjé + Rjegi — Ritgjr — Rjrgie)
+ R ( ey — (1en (]~ )
(n N 1)(n _ 2) 9ik9gje GieGjk )
Rl 2.6 ([16]). FEEWH, FEEHELFANILEEHEMARLER Y ) h TR > 0%
723 DR FRE IR 5.




['GIE B o HYEME |
EH23D (3) DFLEDAE Z L L. Mk

(R> drz) X|VF| (Nn_1> g)
THY, a,bc,d=2,3--- nIZHLTREHBTVS :

Rlalb = - F/F/”gaba Rlabc - 07
Rabcd = (F/)QRabcd + (F,F”>2(gadgbc - gacgbd>7

"
RM: —(n—l)?, Rla: 0,
Rayy = Ry — (n = 2)(F")? + F'F")Gup,
"

R:(Prﬁiwn—nm—QKFQQ—mn—n

"

F

dimM =3D & =,

1
Cia1 =ViRy — V Ry — Z(galle - gllvaR)

1
._ZvaR.
XoT, NOAHT—fERIZEHTH 5.

dimM > 4D &, TANTUYILVWDEHRLVIRZEGES.

Rab R _
Wa = - ab Waczov
lalb n—2+(n—1)(n—2)gb lab

Wabcd :(F,)Q (V_Vabcd

1 2
R_a _c__ac_
*Xn—mm—sﬂn—1(QWb GacGod)

— (Radgbc + Rbcgad — Racgbd — Rbdgac>}) .

S, W=04&0,
R :n—igab,
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— (RaaGve + RocGaa — RacGva — Rbdgac)}.
UEXD,
Ry = f Gab, Wabea = 0.

n—1



oT, NI7A a4 V4 ThD, 2D, B EEHTHS. /o T, N
B TH D.

III. Cao-Chen 7>V )V
Cao-Chen iz VUV wF V) P IZH LU TIRDEFHEZE AL /7.

T 2.7 ([3], [4]).

1
Dz‘jk Zm(RijZ-F — Rkiij)
1
+ (n _ 1)(n . 2) (Rz‘tgjkvtF - RjtgikVtF)
R
B (n _ 1)(n _ 2) (gkjvz'F - gsz]F)

& Cao-ChenT VIV E WD,
INzZOFEFHAEILEY Y I UTERT 5.

EIE 2.8 ([16]). FFEHHARSEMAELER YV N (M, g, F,¢) T F DR S % 7272
W&T 3. Cao-ChenT VY IVDRIHEATWS EE, MIZIROT—TfEL 5.

(R, dr*) x;vr (Ng' 3) -

72720, Ngp W7 AV aRA VEFIETHS.

['ZEAH O K |
Dy = ! Ry, ViF + L R V. F
lab D) ba V1 (n—l)(n—Q) 119ab V1
R
- (n _ 1)(n _ 2)gbav1F-
ko, R_R
Rab - llgab-
n—1
IheEH23THRONT VLR
F,/, D, 1 / "N\ —=
Ry :_(n—l)ﬁ> Rab:Rab_((n_Q)(F )2+FF )gab’
_ F// 2 Fl/l
_("\2p _ _ _ I _ 1)
R=(F)2R—(n—1)(n m(p) 20— 1) =,
AFHAWS L _
_ R
Rap = mgab-

SIRTEAT DT A vy a XA VERRMKIZERE LD, ROEREZES.

% 2.9 ([16])). FEEMH, FEFEHERFEMAEILEE Y Y b (M, g, F,¢) (n <4)T
D=0 R>0%i7=dHDIXFHENFRE 72 5.



2.2. AR ZHET 25%BE
RIZ, AHREHFAETIHEE2E R 5. FIZ, Ric(VF,VF) <02ili=38565%2% 2
5. PN, Aididy v b

(R—\)g=VVF
EHERD.

9, MDPEKDEGEEEZS.
i 2.10 ([15]). 3EEH, FEVEHEZ 3ot RAN LAY U b > (M3 g, F) TF»
SRR lanwe 35, 72, REMEZTET5.
Ric(VF,VF) <0, Ric> —c.

ZDEE, RSATHNE, |[VF|DPEKTHY, MIiF

)« (8 (e )

YEELRD,

[ZIFHH D RIS |

ui=A—RIZHNLT, REHE5.

1 2

Au > .
u_n_lu

Omori-Yau D AMEFEEIZE D, R=\. T TH23DOEEEH WS ERD BHER
155, O
Iz, fENRD, BEDGEEEZRD.

fod 2.11 ([15]). . M3 A5t NAB LY ) > TH Y, R> X 5D Ric(VF,VF) <
0 THDEHIE, MIFIROWTNhLRD.
(1) M3 IR TH D, ROV —TRHE 1R 5.

([07 OO)? de) ><IVF\ (SQ, gS)

(2) |VF| RERTHY, M ZRLERTHS.

(R, dr?) <82 (%MVFP) ,g) |

1. M3 P5EREE (U <IFHER) AERILIY Y b THY, R> 052 Rie(VE,VF) <
0295, 20L&, MIFEENMTHY, IROT—THELKRD.

([0, OO), d’r‘Z) X|VE| (SQ,gs).
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EHL23D (3)DHEEFZ AN LY. Vv FOEERE VY PV ABRA(R-\=F")
X0, .
(n—DAR+§ﬁVRVF%+MR—A%:O (2.1)

Iz, Rze85.
Ric(VE,VF) = — (n— ) F'R <0,
£oT, RR>0%15%. HIZ,

"

F
AR :R” + (77, — 1)FR,

5. Thx (21)I/RALT,
(R—\) 1 1

R — F'R'

e omn—1) T n—1

R(R - \).

ZDLE, DI EDRR5.

(1) MDPHFNDH ULKIFZEDE E, R>ATHIER"<0. £oT, R>X>0I1XM
T, ERL2BH5DT, R=)\%218%.

(2) R> 0 Z2{f7z T HLRAEILZY ) b VIFFEE LR,

(1), (2) LEHE23DMHEEHA VD L, RODERIBFLNS. O

R 2.12 ([14)). SEHAEIEY Y b > (M, g) PRD (1) B L L IX (2) DWW IFNrDg
-3 &, MIZ)yFEHTHD.
(1) (M,g) I3ZES LN TH Y,

Ric<0, RelL’(M) (0<p< ).
(2) (M, g) I ZHERTH Y,
R<0, RelLP(M) (0<p<o0),

"D, HIEFEAFEK I,
Ric > pRg.
['ZEAH O KIS |
oy FoEEREYV) M ARERLD,
(n—1)AR+ %g(VR, VF)+ R(R—X) =0
2185, ZThky,

M EDHy bATEB n ZIRATERT 5.

RX(R—\) +2|VRJ%.

n—1

(0<n(p) <1 (peM),

n(p) =1 (p € B(po)),

np)=0  (p € Balm)), (22)
|vmg§ (pe M), ClEricksRnEs



ZZ7T, Bipy) EM EDHpye M, ¥ rDRTHSD. ZNEHWT, MIEHE
7958, MAORMEOMRELD,

/i@;ﬁFR%HdeRVFM%
o (n—

2\
+/1———HMHM%+%1+QU/‘HMVRFm@SO,(a>0)
mn—1 M

RO RED S KD HREREF5. 0
3. aZikEELTOLBYY) v
KEDOZENL R A DRFEFHERK, JEHEDLK L OLERETHD.

RETIE, (M, gy) 1xH DV =< VERRIK (N, gy) DA LA TD. £3, 1AV
VhrD—RbEEZ5.

£ 3.1 ([10]). M EOZERT MV X, o€ C®(M)IZR LT,

1
—r
¥g 5 x4

Zhizd e E, (Mg, X,p) 2V P ERER. X =00 E, MZHHEER.
AR 3.2, AlidiEy Y b

pg=VVEF
YU b ORRGAETH S,

AETIIHDEREL UTOIIEY ) bV RER B, BASRIRDE R gy 25 (N )
MOFBEIND LD, WaER{AE LTOLEY Y b

1
— L
Y9 5 x9

DRZ MG X %2 NP sEA LW, —HT, ANLWREMATIRRL, BRRE
ARZEZZW. Thbb, NIERBRRZ MV 2R OLRREEZEZ -\, 2—2 ) v
REME™ IZBHRIZAERZ VYV 28D, 22T, 2—21 v NEMADED %Ik
HwelLToUnay ) v r2F25. BoNERIIUTO@EY THS.

EE 3.3 ([18], [10]). E"*' WAL Y U b V8B (M, g, VT, @) I$88 -, HEEkm
H LU <X conic BRI OWITNMIZEEND. 22T, VIRZVoELme2ERT.
WoT, FRIZIAY ) VOSBRI NEERS.
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RD3DODGEEZZNIL L.
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V=VTTHsDT, Chen [8] DFER [V = VT %7z 3557 Z K M 13 conic TH
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Y ) b v ERO SRR & 72T

zZ AIFRERETH 5.
An(e;) = ke (i=1,---,n),

£d5. 12720, {etic1on 3 M EOEBERR, NIFBRMERNZ MVEE2ERT.
ZhE ERITRAT S L,

(o — 1)92‘;‘ = Kigij A
195, TNED, ki=HTH5. £o7T, MIZ totally umbilical TH 5. LAELD,
MIFEEHES UL IFEERADO—HTH 5.

(3) &G (Z D) :

Up={z € MA:=(N,V) =0} £BL. Q%&pec M\Uy DBLEETHEIZN #0 &%
250295, ZOLE, (2) LEUERTQIFEER® L ITERIEICEENDZ &
Nhnrd., LIAM, BYEOLTIIFELZESHES. U, QIFEKMIZEEN
5. 22T, VOUBZEHWSAZ LT, tUy=0%2RTILNTEE. Zhe (2D
HWED, X ex(M)izHLTM\U, T,

R = Rj i))o X(KZ) =0
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