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FANE

20 HAII U . Dehn 13827 AT 4 7 &~ T, BIEAEDFEDR]
BEIRF LU T2, T, STV IR PIHROIEY Th b, TDHK,
HEBE DM A BT RO T T, BAFEMBLII R EER LT
oo ZVUCHOMERLZDIX Rips ThH D, L. Gromov O EHFED
Hime UL OBELE, [Gr]. 205 #9104, &ﬁ%mﬁ IR E
HFIZHREL 2R, SR%RITFLVERLHIFIN D, TOREKT, Xih#t

HERI T PRMRICRBIT DD —H L VR 5,

IO —FTiE, ~ETEMOMNEMN, —ETHONEME ERT D,
ZDHE ., WHMBZOWTHRHID ZOOBEEREH, T70bb, ZFETH)
ERTROVEIEES AL 2 0 BERBEEZ T2 & WUE TR MBS B D%
Hxéﬁ%étﬁ;&%bbﬁ iz BN THD D L DT 72

 HBRC ST AR Y v 7 RIEBFEL 2N & (E# 2.1) DIFEAZA
wt I, LEEY Th D,

IBFC

Z D/ — X 1995 4 11 AIZ R ITKRIZHAWTITAR DI’z Surveys in Ge-
ometry [MERRFEE R(1F) (BT D56 [ EBEOFS]] OFHRTH D,

Z D%, L HBRFZIUEEPERNC T 2 EFHER (200241 A) T4
frFRIEEER O A ) CREBHZOWTHEETICH2Y , AL FENAT (F
\ZEBE 4.2 OFER),

AREFHETOEFFHERE (2002410 A) TEEL %, Femarz (]
1.2, E# 1.1 OFEH, 5 B L),

1 WHEAY7E ZERE
1.1 MehtE

E%lJLx@%%ﬁﬁ%%ﬁk#éo@%ﬁIcR#%Xm@ﬁ%E
Bf:I - X%EEELES, ZO/—bMTiE, TXTOEL, BIZHR-T2
BITNRITAEZTARXINTWDHET D, fRTXTDLse[IZDONT

|t —s| = d(f (), F(s))

EHTEE, fERITEOBRELRMBLE VNS, TTD 1,y € X ITH
L. z &y SRR FET 2, X ZAIMZER (geodesic space) &
b\ 90



o

M 1. Y U —0EH = A
BT (X, d) i BZER e+ 5,

ETE 1.2 Az X O =ML T5H, 772bb, AD=Ta, B. y23H]
MRS T2, 56> 0NBTFELT

a C Ns(BU7),B C Ns(yUa),y C Ns(aUpB)

EHITEE A Zi—slim 2 =ZAF (STRIZZ>TXS —thin EHF D)
LWV 9, 121P L. NsliE 6—FfEE2#ET,

& 1.3 2 6 >0 BFEL T, X OFNTORM=MATES - slim 72
L& X & §— BB (6 — hyperbolic) &5, D § > 01ZxL §-K
e & X (Gromov DERT) MEEHI (Gromov — hyperbolic) &9,

Bl 1.1 VY — (BEERT T 7028) 13, BUOESE 1352 ¢
CTHIMZERNZ /2 525, 2k (0—) W <Thsd (K 1),

5l 1.2 M %55, HEERADEMBIHEMEL 75 L MITREHTH
5, &<IT, WrmihE = -1 0L X%, WHZEREMFEIN H RSN D,
ZDHDY, Gromov WMHITEDLARIOHBEKTH D, —KIZ EOHIT TADE
MR OWDEHD c> 0BHFELT, WaliR < —c<0 &L TH M
I TH D, KBS, CAT(—c) ZRITMHBTHs (X 2) .
R H2 ORI 2O TIEAL X 9, AZEM=ARE TS, 35
DA% a,beETHUE, VR R XXV, n—a—-b—c=[Kdv.
T, K i3WHEERT, 51 K = —1, dv iZEEER. (> CTADHEMHE
I m RKi. Lo TAOKNEHOEE riZ >0 T r<l (2—27 1V vy KEH
7206 ZHUTIEL <, WEEE i FE—FROoMomEHEX, =—27 U v R
HTEYRELRDDTEN), ZH LY, AT 2-slim TH D,

3



X 2: H* & R* OFM=MAF, n>2.

Bl 1.3 ®ITH 2L LD Euclid I N2 (K 2), WRTh 1D
LA, Bl 1.1 X v X ihA,

1.2  HEAIhER

RIIFALNTH D (WNMMEDERT, AL —ARORIREELE
2%) .

i 1.1 X & - WihZEfM e 3%, Al#ke, SRRCHRERILKRE
R QIR LY 3L,

a C N5(8),B C Ns(a).

ik 1.1 XD 28 A, BIZHL, ADDH B~DEEOHEIMARE [A,B] &
1<

1.2 X & 6— WHZEMET5, A, B. C2 XDRETH, ZD
W, BIHR [B,C). [A,C]. [4,B] BicznZhE A, B, C' B’FETEL
Wa T,

d(A',B"),d(B',C"),d(C", A") < 4.

SEB A € [B,C]. B' € [A,C]. C' € [A,B| #Kk&EWT 3 HLT 5,
d(B,C') = d(B, A'), d(A,C") = d(A, B'), d(C, A') = d(C, B).

ZRRRDB A, B, C'ThBHZEERT, [B,C). [A,C] [A B]is
slim R EATEIES S [A,C] Xk [B,C] £ A P Td(C,P) < §&
RBLONRB B, PelAC) LELTH— g bR, Z0LX,
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B A’ C

3: d(4',Q),d(Q,C"),d(C", P),d(P, B') < §

d(P,B") <§ Thd, 2872L, bLHBBR I L d(A,C") <d(A,B) L7225
PEThbD, EoTAB,C') <20. X, —ftE%5Z:72< QelA, B
DHFELTA(A,Q) <6, d(Q,C") <& LT, XoTd(A',C") <26.
XoTd(A, B <45 K3, 1

HEE 1.1 y&0- WilhZef X ORI E T 5, 1> 668 T 5, PQe X\
Ny(y) ICHL P, Q' € 4%

d(P,P') = d(P,y)

dQ,Q) = dQ,)

EHRTETHRETD, bL. d(P,Q) <1—45 725 d(P', Q") < 86,

BEB F960 > 0%KE, S €[Q,Q% d(S,Q") =26&758LT 5,
ZAK (Q,P,Q) 1% -slim 7276, T € [Q,P'|U[P,Q BIFEL T
d(S,T) < 6% H1-d, ZOLEFITe[Q,P|THD, n¥ht, FE
ZEIDICTe[P,Q1ELTHD, ZDEE[P,Q)Cy EIRELT
X, ¥5&,

d(Q,7) <d(Q,T) < d(Q,5) +d(S,T) <d(Q,85) +d(S,Q") =d(Q, Q).

I QDEVFHIIFE, £o>TTelQ,P). ET. ZAK PQP' 1%
-slim 72235, U € [P, P]U [P, Q] BFEEL CTA(T,U) < §TH D, ZD



4: d(U,T),d(T,S) < 6,d(S,Q") = 26. HIHHR v ~D5EIX., HEE%
ELLMED D,

LEFIUe[P,P|Ths, 2ERL, bLUE[PQ] D,

d@Q,Q) < d(Q,S)+d(S,T)+d(T,U)+d(U,Q)
< 20464+ 0+d(P,Q)
< .
ZHEFE, o T U e [P P, T, d(P,U) <d(Q,U) Tod, 72
b, bLAP,U)>dU,Q) %5 d(P,P') > d(P,Q") £ 729 POk
D HCFET DM, Lo

d(P',Q') < d(P,U)+d(Q",U)
< 24U, Q")
< 8.
X4 %/ X,
ITI=0DHAETHDHN., lim; §; =0 & 72 HIEDES] {51}17&_’ L oT,
FoEwmZEA T K, 1

FE 14 ok ELTD, HOIEBK > 1. e > 0B3FELT
[t —s| < Kd(a(t),a(s)) + €
WITXTD L, sIZONTEY DL & o (K,e)—#RRIMIIR (K, ) —

quasi — geodesic) £V 9,



5: JIHIMR v DI D HIZBRRHIMER o 12, 1ZERIRSTL S

i 1.3 X 20— WiZ=EME L., o% (K, )BT E 75, 0. K. 2
FIZLDEEC(, K, e) > OBTFEL T ALY ST (EBEC = 6(10K 5+
30K25 +¢) LFHUL L), ol FRIUHR, FIUKEE b ORIHBRy 2 77
EL TREHIZT,

a C N¢(v),y C Neo(a).

TZRELZ ZTiRaDiERERRIT X OREBRET D,

SEBA 0> 0 EIREL TR, aDtbizE Se X, BRETe X &L,
v=[8,T)&F%, | =30Kst L Ni(y) 525, an (X \ Ny(y)) OIE
BOEKESZ EEL, bL, TARSBRITNIE, | =30K5& LIF
ARKED > TNAZ LICHER, o' DitRE A, RE BET5, ST, o
R

A :P() = a(to),P1 :a(tl),---,Pi = a(ti),---,PN :a(tN) =B
TREGZT L2 HnET 5, K5,
o<t <---<tn
%—2(5S |ti—ti_1| <1 —46.

ZIZTI=30K§ > 3001TiEE. Pl € v PLyDHMiE FEB TR ET
%o d(P;, Py 1) < |ti—t; 1] <1—4672035 , Wi 1.1 XV d(P!,P!_,) < 8.



EoT

N
d(Py, Py) < d(Py,Py)+ Y d(P},Pl_1) +d(Py, Py)
=1
< 21+ 8N¢.

F. oiE (K, &) —BERIHERE 5 B

‘tN - t()l S Kd(P(),PN) + €.

.
(é - 25) N < ltx — ol
Xy
(é _ 25) N < K(20 +8N5) +e.
WE-T

o~

N(§—26—8K5) <2Kl+e.

—J7. 1 =30Kd2 5

é—26—8K525K5>0.
£oT ,
60K25 + ¢
N<—_ —~
~  5K$é
LEXY
lo/| < (I—40)N
< IN
< 6(60K?5 +¢).

YoT 0y =14 860K _ 30K 54+ 3(30K25+e) & THUT. o C Ney (),
EiZy C Nog, (o) ThD, TNEFHETRETEDICHD o € YTHL,
z ¢ Noc, (@) ELTHD, TR HBanN Nog,(z) =¢. £ ZAT, ~iZHlH
BRIZI S S & TIE Ne, (7) \ Noc, (z) DR DHERERMNCEEN D, Th
ita C Ny (7)\ Nog, (z) WCFJE. o Ty C Nog, (a). BLEED C =204
EFHUT L, ]

EE 1.1 ZoMEE RRTHRY SR, BlxiE (0,0) & (N, N) 55
ok (0,N) ZRHET2HEH (2o0EHOF) LT5L. it (2,0)—



BHHBRTH 525, (0,0) & (N, N) Z#ESEHERAIZ SN T d(a,y) = %
Thd,

Z OMETIRAR LIV TV D EBIRIT "quasi-geodesic stability” & FHII 5
TERBHD, ZOBEL, WEZEMIZBW T, [RFTRINC quasi-geodesic 72
BN, kL LT quasi-geodesic IZ72 > TN5D | WO EERIFHEEZRD,
AL, THRERE) (2F) B [ A—b~Fuv 78] THHZEOEAD
—DOTH D, EEE WBELW (Zhd, =—727 U v FFEHER TR L 72
A
X % §-hyperbolic £ 55, fEEDER K > 1,e > 0 ZXL T, HDHE
B 1(0,K,e) > 0,K'(6,K,e) > 1,'(0,K,e) > 0 BIFEL TRZE 72T
BEAZOWT, ZOEEDOERHDT, REVDRILEH T HDHON,
(K, €)-quasi-geodesic 786 | v 13 (K', €')-quasi-geodesic.

% 1.1 X % §-hyperbolic £ § 5, EEDEE K > 1,e > 0IZHL T, H
BEH D(K,e,8) BEEL CREBET : X DZAT ADKDN (K, e)
-quasi-geomdesic 72 H A 1X D-slim.

(FEB1) ADITESA%R A, B,C LT%, MOMELY ., A OELITRIET
BIH [A, B, [B,C),[C, A] &, BEWC C(K, e, 6)- b5, —7, Bl
=4 (A, B),[B, C),[C, A]) 1% 6-slim X ¥ . Al (6+2C)-slim TH 5.
1

1.3 #FRER

EE 1.5 (X,d). (X',d) ZiEHEME T2, 58
f: X=X
fl:X'-X

LhHBERK. e. D> ONEELT, WERETLEE, [ & fIIBSE
B1& (quasi — isometry). X & X"I3EFRM (quasi — isometric) &\
Do LRI T 5720, HEld(z,y) & |z —y| RE EEL.

TRTO z,ye X & o',y e XIZxL T
lz—yl <K[f(z) - f(y)l +e
|f'o f(z) —=z| <D
2" — /| < K|f'(a) = f'(y)] +¢
|fofl(a') —2'| <D



AE 1.2 BT, f & FITEREIIEEL R,

Bl 1.4 RROFOEEOHML Y 7258+ RERE 22L& ZATRZ) S
FEINDLEHEEZ DL, R2E ZAIWERNTH 5,

FE 1.1 (X,d) & (X', d) &, EERAORBMZEME 75, X'H WA
76 X bR TH D,

BEER EFE 1S5 DFRLEEEDEEM D, y(t) & X DELT D, (HERTH
ARTH IV, —IC FITERETRODD, f(y) ILETERY (F72]
T A—Z t HIMRITIER S22, KoT, BEHERILL, f(y) 2EET 258
YR X' ZROLDITER. £T. n€Z,9(n)=f(y(n) &L, %
B D R — B ORI TR 5.

7' = Unezlf (v(n)), f(v(n +1))].

Tokx,
f(7) € Ne1e(?'),7' € Niye(£(7))-

K' = K(K+e€),e =2K+3L95%5. ZDLE, 413 (K',€)-quasi-
geodesic ThH 5, EFR AEED t,s € Z T2\ T,

[t —s|=[v(t) —v(s)| < K|f(v(t)) — F(v(s))| + €= K[Y/(t) =+ ()| + e

N D ARG A— Rk, KT A=K ¢ OB (t) LEXDE, LB
n € ZIZxXHL T,
Y (n) —9'(n+1)| <K +e

YO HEED s € ZITRHLT,
[T(t) — 7(s)| < (K +¢)|t —s].

-7, (t) ,T(s) = BEE, /DN THHRENIRATD L E
t(m) (n m € Z)IZT2WNWT,

7 —ol/(K+e) <[t —s|<KlY(r) =~ (o) +e

XoT.,
|1 — 0| < K(K + €)Y (1) —9'(0)| + e

By DEZEOEFT LY, — KD 1,0 IOV TIIIRDS BRI

T — 0| S K(K +¢)[y (1) = (0)| + e + 2(K +¢).

10



FOFERT., VIR RHDLE, v&  OIFREZIBIL 2T LN TE
5T LITHEE.

ST, ThEfo TEHDIEAZ T 5, X' OXMEREZS >0LT 2,
b5 > 0BRFEL T X OFTXTORMEATD6-slim TH DI & &R
XL, 7T, EOKREIY ., X OEBEORIM=AFA = (o, 8,7) I
LT, fied 2 X'O=AK A" = (,5,7) X (K', )-quasi-geodesic
SATH D, & AN X 1 -hyperbolic 20T, F 1.1 LVWAIL C =
D(K',€,8)-slim TH D, LoT, D (K+e)-HEH D [ =AF] f(A)
IX (C + 2(K + ¢))-slim THD, €->T, [=ZAF] ff(A) 1T (K(C +
2(K +¢€)) +e)-slim. £oT, D D-EFCH D =AK A= (a,8,7) IX
d=(K(C+2(K +¢€)) +e+2D)-slim TH 5. 1

1.4 HOERHDZERM

EE 1.6 (X,d) ZHHZEMET D, X OESEE SITXL T, C> 08
FELT, EED z,ye S & z & y 2iEST X TOHRHBRyITH L T

v C N¢(S)
BRSO L & | SITEE™ (quasi — conver) ThH D EW I,
Bl 1.5 U —~ > ZEARD LRIHER M S RBIENTH B,
Bl 1.6 R2H, 7y =0 TEEIN 2KBITHENM TR,

BIHZER (, ) D oS &S X G2 1
D ERHRI
1. JHZEE(, ) o WOEsSy AS o #EOHEM %
g (, )" BT S A3 HEY (S, ) T
EE T WS, Yo B i xt
SoEME » T 7 2 (,)o % %
s w T 1
1. Wy D
D O W D EH %



Xa

oYy
(X-Y)X0
o
%0
4 TO DE
(,)% T € % 9 z,ye€ *f
vy =- (@z) (@z)- (5,9
EE oz oyoD ( o ov ouc) 5 KX
1. a C
(@ a)=
3 (conve e oin iniy) VD
1. (zy) —-(z v (z ,z ) DEHIT
0
1.5 (z y) (z,2 ), (y,2) a
(z ,a) =
1. S ()= + a
D 5 GE
a @ )=
1.6 % W
1. a a IF

D



X D DI
1 X BT v =
T = a =, =y.,c =xy 9 a
S () (a )=n,( ,c)=mn,(a, )=0 <
c a TiE W
T X D) X :ONE
1. — 1) TXTD x,y, € xf
("I" y) (‘T )a(y ) -
T — O X z,y € W T
Wz ,z,y% € z,y, €x.,y,
E T
(5 ) Cy ) Cs)
('Taxay) (l‘, )_ 0 % ‘?— z .Z‘,yo)
 €cxy T 9
(z,zy)= (z, )
) € ,x T W ¥ x
2€ L,z : fFTEE T (, 2) %
(2 ) pAYA 2€
< 2 € » L ?‘ (27 ) < ?:f_’
=8




X T(z y)

‘@_‘J\“Vco) ‘T’y’ 76

(z, ) (=,)
(z, ) (=,)
=8 T (2 )
<
(q"axay) (37, )— 0
(z y)— (=, )
D
(l‘,.’t,y) (]3 y)_
ST € 9 ¥ xy 1%
(z, ) .,z ), (&,
T <
(z y) (z, )-—
(z,z ) (=,
(z )y ) -
T = U s AN
1.5 0 fFE TIRTDz,y, €
(z )y ) - X W
1. X 8 0 fFE T
X Tz y) (z )l ) -
1.6 B9 X BT
0 FE T
(z y) (z )y ) -
S a ,c €8 () X Ta
(@ ¢) (a ), ( ¢) —
T a c %



1. % K
(ounay) z
=S ()
EFET a €5 ()0 ¥ "e :
a =2
11 © % & &F % 4 b
i . 2tko
o o <
X v ’ o
i < I El we
Bl 1 = °
> N
1.1y X
( vy = C 9)
i = vy e i‘/
) = I o
. y (v =01y
y xt T y) CCwo-
( ) - Rix o e
y
( y)=( v
(=)
( v)=C 9
7 v
( Y ) -
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