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1.2
1.3
1.4
15

2.1
2.2
2.3
2.4
2.5
2.6
2.7

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

Dehn LIl
Stallings olrrrrnrnrrrnrrrnn
Mostow LIl
Gromov Crrlrnirniniiniin
Gromov Sl

Cartan LD

Grushko A

Bass-Serre R R A A
3 JSJ S A A
JSJ S

1.1 Dehn

1910

M.Dehn

(P.S.Novikov,1954)



1. (word problem): g2 G

2. (conjugacy problem).G gh G
3. (isomorphismproblem):
Dehn 3 100
(X;dx)  (Yidy) f:X1 Yy
K 1, 0 (1),(2) (X;dx)  (Y;dy)
(quasi-isometric)
Q) X;y2 X
dx (X;
D a0 ) Koy +
) y2y x2X dv (y; f (x))
(G;9)
G S S=81
(word) S w [(w) w
G W G lS .
€c Is(es) = O s g
ls(g) = min_I(w):
fwjw=gg
G (word metric)
ds(g;h) = Is(g *h)
Cayley (Cayley, 1878. ), = (G;S),
G % S
v vs2 G (v; s;vs)
(vs;s 1;v) V VS 1



Z" Cayley z"
n Cayley 2n

0;1)|(1;1 Z? Cayley

(| 1,0)|(0;0)|(1;0)|(2;0)

’ b ‘ba
ab
a 1 1 a [az
bl
F, Cayley
1
G) ds S;S° (G;S)
(G;S9
Cayley
G ()

(g;v) 7! gv;(g; (v;s;vs)) 7! (gv;s;gvs):



Dehn 2

e(Z") = 1(n

1.2 Stallings
X
K X e(X;K) XnK
e(X) = supe(X;K)
K
X
egR)=2eR"=1n 2).T
gT)=1.
(G;S) S
G &(G)
eG) 01,21
G
J.R.Stallings eG)=1 G

[St], 1968). &(G) = 2

1.1 (Stallings,1971). 1.¢G) =2

2.7

2.6(G) = 1
@ G=A B C iA=Cj
(b)G=A ¢ C iA=Cj
AcB A B C
A C HNN
2.7
11 G
G=A B

H2

2.2

Cayley

&G) = 0
gG)=1

2),6(2) = 2.

(

Hopf

3;]B=Cj

, 3

2

HNN

2(a),(b)
Ai=AZ



Z(a) Z, Zo 2 Z E(ZZ Zz): 2

1.3 Mostow

Mostow
rank-1

( rank-1 Mostow-Prasad,
rank-2 Margulis ).
1.2 (Mosto w. 1973, [Mo]). M;N
3 1i(M)  a(N)
M N
rank-2 Ballmann-Gromov-Sdroeder[BGS] Mostow

1.3 (Ballmann-Gromo v-Schro eder.1981). M

rank 2 N ctl-
K 0 M:N
1(M); 1(N) M;N
N rank 2
Mostow
rank-1
1.4 (Farrell-Jones, 1989). >0 n 5
n M:N
1.M:;N
2.M KM = 1, N KN
1 Kn 1
N = 1
Mostow M:N

N  Gromov-Thurston



1.5 (Gromo v-Th urston, 1987).

N
K 1
N
N
Farrell-Jones 1.4
M:N
Thurston
35 N
1.2 M N

1.4 Gromov
(G;S)

s(n) = 1fg 2 Gjls(9)

. n p(n)
s(n)  p(n) G
C>0
G (exponertial growth)
G

1.6 (J.Milnor, 1968).

1.7 (Av ez, 1970). M
0 M

n 4 >0
K 1
= 1

2

3
Mostow

(growth function)
ng(n 2 N)

n2N

(polynomial growth)

exp(Cn)  s(n)



K=20 Bieberbat M
H.Bass (1972).
Gromov [G;poli]
1.8 (Gromo v, 1981). G
G
1.8
(intermediate
growth)
(R.1.Grigorchuk,1983)
1.5 Gromov
Gromov 2
[G;asymgd Gromov
1
G (virtually)
H<G
Stallings 1.1
Gromov
Gromov
1.8 G G
11. G E?2
F
1! F! G! Z%! o
G G' z2



E? 2

G 2
1.8 N N 2
1.8 Bass N z Zz?
z N
G Z?
)
1.1
ZZ
H3 1
1.9 (Sulliv an,1978 -Gromo V). H 3
H3 g:H! Isom(H?3)
Ker(g) Im(g) Isom(H?3)
Im(g) Isom(H %)=Im(g)
H
Cayley cf. 1.1
H < Isom(H)
co-bounded ) proper
2.2
H H3 H H3
supxs d(f (x);9(x)) < 1 fig
Qlsom(H?3) f:H! Qlsom(H?3)
H HS3 co-bounded, proper
H3 (cf.21 ) <
Conf(S?); QConf(S?)
S?2  conformal quasi-conformal

Isom(H?®) ' Conf(S?); Qlsom(H®)' QConf(S?):

Sullivan s? quasi-conformal
S? conformal
guasi-conformal



Sullivan Isom, Qlsom

f a2 Qlsom(H?3) g:H! Isom(H?3)
f =aga

Qlsom(H 3) g f quasi-isometry
a g H HS3 proper, co-bounded

g
2

Dehn van Kampen(1933)

R.Lyndon(1966) (diagram) cf. 2.6

(small cancellationgroup)

Ch.V,[LSq]
1980 Gromov[G;hyp]
[ ]
K C K ¢
K 0
(Hadamard manifold)
CAT(0) [G;hyp]
[BrHae]
Hadamard CAT(0)
1 [1.10 [BrHae]
CAT(0)
X p;g;
, (pigr), E?
( pigr)
X X X

10



p;q [p;d] P;q [p;d]

d(p;x) = d(p;Xx) X
X CAT(0) CAT Cartan, Alexan-
drov, Toponogw - X
2 Xy E? 2 Xy

dix;y)  d(xy):

p p
X
X _
r q
q y y
CAT(0)
3
1.
2.
3. Gromov-Hausdor
Gromov [G;hyp] 3 12
Gromov-
Hausdor Paulin, Bestvina, Sela
Thurston Morgan-Shalen
(cf. 3 ) Gromov-Hausdor
Rips-Sela,Bestvina-
Feighn
2.1 -
(X;d)

11



4 - (thin) 0 X
- X - (hyperbolic)
(Gromov-) ((Gromov-)hyperbolic)
(0-)
c>0 C n
H" 2 Euclid
2.1.
2
I R
X f:r! X K 1 0
(K; )- (quasi-gealesic)
t s :
it s Kd( (t); (9)+ :
Euclid
2.1. ; oK 1 C(;K;) O
- X (K; )- X C-

12



2.1
2.1

Hadamard

(

C

2.1

2.2
((Ep])
(local) (K; )-
(K5 )-
oK 1, 0
q;K;) O
X | (K3 )
1
X X(1)
)
t O

d( (1); (1) c

0;1)!r X

(automatic)
2.2
'K

I(;K; ) >

(KS 9.

(asymptotic)



(t;t 0 (1) (t)
t2 R 0 t (1)
X X =X[ X(1)
X X
n , H", n 1
n
2.1 C
(X;d) X S
CcC O X;y2S x y
Nc(S)
S (quasi-corvex)
2.2
(G;S) Cayley Gromov- G
(word-hyperbolic group)
Cayley
Z)
ZZ
Z? ( 2.7).
G X (properly discortinuous, or
proper) X2 X r>0

14



fg2 Gjd(x; gx) < rg:

1 1.6 Milnor
(1968)
H?2 Dehn
2.2. G X X=G
G X G Cayley
M 1(M)
2.2 2
G
H G
Cayley H 2.2
G H
SL(2;2)
SL(2;Z) H?
(cf. 2.3 )
2.3.
2.4. G
2.3 (N.Brady , 1999).
2.5. A,B C A ¢B C

15



SL(2;2)' Zs ,Zs PSL(22)' Z, Zs

C C
G = ;a2 = i
A=zhai' Z,B=Hi' Z,C=hi"' Z :
a=c=0 2
A; B
, C G=A ¢B
,a%ab2 G H<G 2Z°
2 G
G C
Z maximal C<D<G D' Z C=D
,C<AC<B maximal
G Z' C<G maximal Z' D<G
: Q
2.4. G;H c’
Z G;H G;H maximal
G C H
[G;hyp]
Bestvina-Feighn [BF]
. H< G mal-normal g2 GnH
gHg ! H=1 G
maximal C mal-normal

2.5 (Com bination theorem, Bestvina-F eighn). G;H

C G;H G;H mal-normal
G cH
[BF] . HNN-
2 M
(monodromy) pseudo-Anose M
Thurston

16



(cf. [Kapo])

2.3 Tits alternativ e
G : Cayley G ( )
(ideal boundary),G(1 ), G(1)= (1) G Cayley
G(1) G
Cayley 16 g2 G
Cayley 19 [1;0]
g [Lg 9 ¢ gL dl
g 'R 1 [
g= 9'[1; 9]
1 <n<1
G g2 G g Cayley
2.9
2.9 Prop3.2[Sh]
g 1 g 0
ir1- .
9 1td 1] olL; gl
¢}
g 2.1 g
= 4 (1 )2G(1)
g G[ G(1)

17



gt =lm,, g"
Z (ele-
mertary)
26. G H H
2
2.6 2.6
Tits alternativ e Tits alternative
, GL(n; R), sohable
2 , Fa,
2.6 G X
X
H<G H Z
F,<H
X
X G
Tits
alternative X
0 X
4 Tits alternative
3
Thurston (cf. 3.5 )
2
X G sohable
G abelian X =0
(Preissmann (1943)
F,< G G X
G Tits alternative
Avez 1.7
X CAT(0) Tits alternative 2
Preissmann
Avez CAT(0)
2.6 G , G, G

18



H2
]

H2=fx+iyjx;y2 R;y > 0Og:

2 2
dSZ:de%dy;
|
ab
2 SL(2;R
c d (2;R)
. ax+iy)+b
| A A
X+ 1y 7! X+ iy)+ d
H? SL(2;R) 1
PSL(2;R)= SL(2;R)= 1 H?2
H?2 , Isom, (H?2),
- , X, , O, X2 X
,g"(X);n2N X
ab
H?2 = 2 SL(2;R
g c d (' )
g PO . .p2R  SL@R)
"0 1=p ’
g (t)
1 C>0
g()= (t+C) g H 2
H2(1) H?
2 (1) H?
N>0
n N
g"(HanU ) U,; g "(H2nU,) U :
source-sink

19



3 Klein

H?(1)
g
g
(1 )=g'
g source-sink
2.6 ( ). a;b2 Isom, (H?)
2 ,al ;b? al
bl = N>0 nnm N
a;gn Isom, (H?) 2
al H?2 U] bt
\Y 2 source-sink
N>0 n N

a'(H2nUu ) U,; a "(H2nU,) U ;
B'(H2nV )  V.; b"(H2nV,) V:

20



A=a"B=H"

wX 6 X

X2 H°n(U [ V)

A; B

W

x62U,) Ax2U ) Ax62v ) BA x2V,
) BA x62U ) ABA x2U,) ABA x6 x:

2.6
2.6

G(1)

2.6

21

n, m N
w= W(A;B) Isom(H?)
wx2 (U [ V)
w= ABA !
U
source-sink
2.6
H
cf. 210). g
H- H z



g g H
g* H- a2H a@g' [g')6¢g [g"
h=aga! gt ht =;
g;h 2.6 N>0
nm N hg";h™i 2 H
Ol
Tits alternative 2.6
source-sink
Tits alternative CAT(0)
1
d(x; y)
x i
2.7. Z?
Z?' H=mbh G a
2 A=fal;a' g al;al
a
H 2 (t;t 0 b((;t O
(1)t O b(1 )= (1)
b"A=A. n b’ a*l:al
- - C
n in joar 1 C
n;m pan = prar.
]
2.4 Cartan
X X2 X
r B(x;r) S X
X2 X S B(xr) r S
r S B(xr) x2X S
1 X

22



Cartan

2.7. X - S 2
a;b ja b 6.
( ) >0 ja <6 ja b 6
a;b C c2 [a;h
ja d+jc b=ja b ja dijb ¢g=ja b=z
ja d;jb ¢ 3:
S r x2S X 2 B(a;r)
B (b;r) ( a;b;x) [a;x] [b;x]
& jc ¢ . c’2 [a;x]
ja xj=ja cj+jc xj. i xj=ja xj ja
ja xj ja g+jc § ja xj 3+ =ja xj 2.
jc xj je cj+jc® xj  +jc® xj  +ja xj 2 ja X r
S B(cr ). r =0
>0 10 O
X

28. G G

G - A A=fa2Gjjag 6 +1g
.g26G g A
, . S=1g"jn2 Ng

23



Cayley c2 :
2 G Jjcj 1=2. ,gS=S
gc S joc g 6. ;
j gj 6 +1 . a2 A a=g. ,
g= a ! O
2.8
, Fo 25
F 2 a2z, 2,
g2 F; ,gag * 2 g ,
2.5
(X;d)
Xo 2 X X;y2 X
1
(xy)xo = (X x0) + d(y;Xo)  d(X;y)g
X y Gromov (Gromov product)
Xo Xy [x; V] (X:Y)xo
X ) ‘V’//y
(X:Y)xo
\y
Xo
2.1. - X Xj2 X;i 1 i 2
Xi Xi 1 (Xi 1Xis1)x,  (Xi 2Xi)x . 100:

24



n 2
. . X] . .
Xn X4 (xi  Xi 1 X 1X41)x (X 2:Xi)x, . 20):
i=2
Xi
[X1;Xn]  Nio ([ inzll[Xi;Xi+1]) - N¢ C-
Xi 2 Xi 1 Xi Xin
4—_"/_/»
100
2.2
2.1 2.1
L 21 100 L:1>0
Xi i Xio Xiq) Li(Xi aXia)y |
2.1 n 2

Xn X4 (n 1)L 2 20):

Xi L; I
g fg"jin 2 Zg
g (hyperbolic) g G Cayley
(cf. 2.3 )
g
2.9 g 2.3
g 2.3
2.1 : fg'g
jgi = d(1;9)
2.2. - G g g
fg"on

(1:909)y jgi=2 100:
2.2

25



23. gh2G ah: hg

(g:h): min(jgj;jhj)=2 20:

f1;9;gh; ghg; ghgh;:::g g:h
2.2
2.2
gh; hg
G fggn G
f GnOn o 2
G(1) lim, g, = & Cayley
f9nOn G(1)
2.9. - G g2 G
>0 g
n g"
fg"on G(1)
1) 2 .p6 q
ni;m; > 0 gh!l p;g™t! g
C I j (g":gM)1 C
i ] (@":g™)1  min(jg"j;jg™j)=2 20.
g"; g™ 2.3
gni+mj
q,_ p
y e
1
2) 1 . p2G(1)
gp=p = [Tl 1 (1)=p
N = ]B(1;1000) B
n g" =1[g";pl k 2
1 n 2N n d( ;g"k)

26



k 2 p : g’ p

, G h2 G
1 n(h) N d(h;g”(h)h) 1000 h=Kk
n = n(k) d(k; g"k) 1000 .
d( ;9"k)
(k:gZ”k)gnk 10 . (L:k *g®k)y gk 10 . jk g"kj =
d(g"k; k)  1000. k gk 2.2
gl’l
g
1 k g"k
] // - g2k
gn
g2n
210 G - H ]
h2H
Burnside (1902)
Burnside Gromov
G ] H )
H Gromov
n2N
2

H, = ha;gw" = 1; Bwi:

w ab W
Hn n Hn
Burnside

27



Gromov
w n=ny (
Nu (IG;hyp)).
2.6
H? c
1(c) A(0)
K C
A(c) KI(o):
E? 2
c
A 2 ((0)?
G
G = ISjRi:
S R F(S) S
R N (R)
G' F(S)=N(R)
F(S)! G
N(R) N(R)
F(S) w2 N(R) <
F(S) R F(S)
w= i
r2R;a 2 F(S) rd = aria * F(S)
w
n A(w) K
w2 N(R)
A(w) Kl(w)

28



G I(w)
w 1.1 A(w) K (I(w))? 2

2.11. G

1.G
2.G

[Ep]

2.12. G

1.1
A(w)  Kl(w) K

G w=1 F(S)



w = r§t" n  Aw) Kl(w) K
K 1(w)
)
F(S)
w G
w G
28. G
K
K
K
2
Sela,1995.[S]
2.7 Gromo v-Hausdor
Gromov Gromov-Hausdor
2.13 (Bestvina-P aulin-Rips). G Out(G)
G Z ) C’
G=A B G=Ac¢
G=A ¢B A6 C B6C
M
G cf 2.2 M
2.13 M 2 Out(G)
G Z

30



Z
M 3 Mostow
1.2 Out(G) " Isom(M)
Isom(M) Out(G) 2.13
3 M
G Out(G)
3 M SL(2;C)
M Thurston, Morgan-Shalen
2.13
Out(G))
3.7,3.8
2.13 Gromov-Hausdor
(Z;d)
A;B Z (Hausdor )
di(A;B) = inff > 0A N (B);B N (A)g:
N(A) A Gromov
A; B Gromo v-Hausdor
z
der (A; B) = igffdﬁ (A;B)jA;B  Zg:
, CM ,  Gromov-Hausdor
( niteness theorems)
Alexandrov Gromov-
Hausdor Gromov
2.13 S
G c S
S c
G=A ¢B; G=A¢
C c z G
Snc 2 1
HNN

31



N
A c
HNN C A
A t hi' Z
A Hi
A ci A ¢ A C HNN
HNN  Higman-Neumann-Neumann
8c2 C;tct 1= f(c):
A=C' Z f id Z ' Z?
G C HNN
G C
S ¢
S C
G=A ¢B G
, de 2 Aut(G),

a2 A7'ab2B 7! cbc!2B:

C G C

32



de(b) = chc?
t —
- @ — (T 5=
¢ de(t) = tc
de
HNN ,G=A ¢,
, de 2 Aut( G),
a2 A7l at?! tc:
Dehn G G
2.14. S G
Aut(G) G
Out(G) S Out(G)
2.15 (Rips-Sela, [RS1]). G
G Z
Aut (G)
Aut (G)
Bestvina-Paulin-Rips 2.13
Gromov-Hausdor
3
G

33



1.G virtually torsion free ?

?
2.G residually nite ? residually nite
16 g20G F a:G! F

a(g)6 1

3.G ? , GL(n; R),
3 1,2
3
Z
Z
Rips-Sela 2.15
1)
(2)
3.1 Grushk o

A; B A B A; B

X Xg Xa Xs X
A B' 1(X)

G=A B A;B

. A A=A A,
G= (Al Az) B )
G=A; A, B

34



Grushko

(cf. [LSq)
G = Fn G_’]_ T Gm

1.F, n Gi
2.

nm O G G
3. G=A B

Gy, ; Gm G

G} Gl ( A;B
n, n0O mg m :
A=F, G} 7" G);B=Fnn Gl
Grushk o
G
Gi
1
G
r(G)
G=06G G Gi
r(G) = r(Gy) + r(Gy):
(

1.
2.
3.

35



JSJ

2
M 3 M
M = M{]M». M
S M
1iM) = 1(M1)  1(My)
M
1(M)
M Kneser Stallings
[He]).
Grushko
M
(Kneser. Milnor):
M = M "M
Grushko
3
Grushko
3.2
3
2 1
S C
c S G
C' Z

36



3.1. S

HNN

Snc

A1

A

Cs

Cs

37
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C1; C

Ci, G
Z
3.3
HNN-
G (graph decompsition)
G=A1 ¢c,A> ¢, B
3 A A B
C, Cy
HNN
G
HNN
3
Z
e v
e V1; Vao( Vi= Vo
fi:Ge! Gy;(i=12)
(;06
( ;G : : HNN
1( ;06
(:06 G' 1(:0

38

G

Ge

( ;6

(:G6

HNN

G

Gy

fi
Bass-Serre

G



3.4 Bass-Serre

Serre [Sq
3.1. SL(n;Z);n 3
Serre Bass-Serre G
G
: SL(n;Z);n 3
SL(2;2)
SL(2,Z2) =24 ,Zg:
! !
o1 1 1
Z, = Z=nZ a-= 10,b— 10
a=pr= id
SL(2;Z) = he;hja* = 1;0° = 1; 82 = Bii:
2 L( SL(n;R);n  3)
G L=G
SL(n;Z);n 3) (Kazhdan) T
(cf. [G;ran])
FA
Bass-Serre [Sq :
1 G
T
G T T
G- minimal
G T G-
G minimal minimal
Bass-Serre ([Se)])

39



T=G =
e ( V)
&( v) T
G T
imal
T
\Y; e
\Y; e
G(e) < G(v)
g2 G gv) e
G(v) " G(9(v))
G(e)! G(v)
1( ;06 G
3.2
Bz’;\ss-Serre
1

40

1,6

min-

» G(v); G(e)

G

g
G(e) < G(a(v)

Bass-Serre



\g& g inT
gv
=G
T=G
2 S
C1, C
G, G S X
Cy, G X
, dual S
[Se] Serre
3.3 ( .1966). p p- SL(2;Qp)
G G

Serre Bass-Serre

CwW 1 SL(2;Qp)
T SL(2,Qp) T
G G
T! T=G

41



SL(2;R)

G SL(2;R)
H 2 SL(2;R)= 1= PSL(2;R) ' Isom, (H?)
G < Isom, (H?) Isom.
G H?2
G
M n
1 N
M N
1 N Hn 1(M) H.i(M)
Serre 3.1 SL(n;Z);n 3 R-
Hi « , Borel )
Hi=0 SL(2;2)
H;=0 SL(2;2)
F H.(F)6 0
35 3 JSJ
3
Grushko 3.1 )
3
3.2 z
ZZ
1 3
M 3
2
N M (essetial) N M
M

42



M JSJ (2977). JSJ
Jaco-ShalenJohannson

JSJ Seifert
3
S Z S C
. M=S & . M
c S M G ¢ &
Z? M
S St-

G 4 St

0! Z! G! (9! &

2 (orbifold) S St-
3 M Seifert (cf.
[ D M G

0! z! G! 991 1

;’rb(S) orbifold (cf. [ D.
S c M
G
Z? c orbifold cone-
Z
Seifert orbifold
3
Seifert
3 JSJ (cf. [J])
3.4 (Jaco-Shalen, Johannson). M 3
fTig
1.M fTigi Mj )

(a) M; Seifert

43



(b) M; M;

atoroidal
2. M , 1.(a) Seifert
JSJ
(@) (b) :
M Seifert
34 M
M
M JSJ T; M
1(M)
Z2 M,
(M) z2
ZZ
Seifert M; M
ZZ

44



JSJ

2 V-
Vs Z 3 72
Z2 7?2 Vs
V.
! Vi= 1(M)):
JSJ Thurston 3
(cf. [Kapo],[ )
3 JSJ
8
2
1:0;1
H 2. E2. SZ
2
Seifert 8 1
Thurston

45



JSJ (b)

M
M (b)
z M=g &
1M
z
2.M
1) M
M S8 (M
) 1)
Haken
Seifert
Tukia, Gabai, Casson-Jungreis
M 3
M  Seifert
3 M JSJ M
ZZ
M
Z M
M Z, 22
3
3

46

JSJ
Seifert

H® (2
Poincare
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3.6 JSJ

3.5 3 JSJ
G
Z"(n 0)

(G JSJ ) (E.Rips-
Z.Sela[RS]B.Bowditch, M.Dunwoody-M.Sagee\DS], K.Fujiwara-P.Papasoglu
[FP]) z" slender

slender
JSJ
Grushko
3 JSJ 3
JSJ
JSJ
Z";n O JSJ
Z";n O
2 3 JSJ

Seifert atoroidal

1.
35 ) Z"n O
n=1
2.Z2":n O
(2) 3 Thurston 3.5
JSJ , G,
1
G Q) (n=0
, G, JSJ
G
z
(1)
(2) Z Z";n 2

a7



JSJ Z

JSJ
3 M G
JSJ 1 G
(2)
3
JSJ (
) JSJ
Kneser
5 (Cappell, 1974).
4 M g &£ M
4 Kneser
(Kreck-Luck-Teichner, 1995).
JSJ 4
Fujiwara-Papasoglu[FP]
Bass-Serre CW
(Stallings,
Hae iger . cf. 111,[BrHae]
3.7 3
3 M G
Z? z
M
St [0;1] M Z
,G=A B; A
H" n Isom, (H")
G Isom.(H") (faithful, discrete)
Homep (G; Isom, (H")) Isom, (H")
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Homep (G; Isom. (H"))=con;:

2 f;h2 Homgp (G;Isom, (H")) az
Isom, (H™) g2 G f (g) = ah(g)a ?! f h

Mostow ( 1.2) n M,n 3
G Homep (G; Isom. (H"))=con;
M

g>1 S G Homep (G; Isom, (H 2))=con;
S R6g 6

& 3

3.5 (Th urston ). M 3

( ) G
M

Homep (G; Isom, (H *))=con;

M
Hom = Homgp (G; Isom, (H %)) =conj 2 3
1
3
M
G C' 1,z Z?
G 1z;z? G=A ¢B;
A ¢ C' Z;Z?
c2C , de 2 Aut( G), Hom
f 2 Hom f:G! Isom. (H?3
f d.2 Hom G
G=A B 16 a2 A
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da 2 Aut( G) ( B a
) G
A da
Hom Hom
3.5
3.8 R-
Thurston 3.5
3.6 (Bestvina-F eighn). G
n Homgp (G; Isom. (H"))=con]
G
C
Thurston 3.5 C' 1,Z;2?
Bestvina-
Paulin-Rips 2.13 - G
Out(G) G 1 Z
3.5 213 2 Gromov-Hausdor
R- Homgp (G; Isom. (H"))=con]
Hom Hom Hom
Hom
fi 2 Hom fi G H"
X2 H" fi x G-
fi
g fi(9) X H"
ri>0 H"
Xi = riH” G H" fi Xi
fi
ri! O
H" - Xi  (ri)- Xi
X  Gromov-Hausdor lim;r; =0 X
0- X
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R-
2 1
g 0-
- r - N
in riH"
in H"
G X fi
ri
G X
Hom
Hom= Hom[ fG R
*)
G R-
*) Hom
G T (*)
3.7 (Bestvina-F eighn, [BF2]). G R-
G H

0! C! H! stab(l)! I

I T stab(l)
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stable

*)

3.7 Hom
G R- 3.7
G H
stab(l)
Thurston 3.5
H3 Hom
H' 1,Z;Z2 G
M (
G 127;7?
Hom
Out(G) Bestvina-Paulin-Rips
2.13 G Out(G) G
Cayley Out(G)
fi G
fi G
y i i = fi Hom
fi OUt(G) i
Fi ri
r 1=r;
ri! O ri Gromov-Hausdor 0-
R- T T G i ,
1, ri 1
Bestvina-Feighn 3.7 G 3.7
H G
stab(l) 1;Z H 1,Z
Z? G 2.13
Thurston R-
Morgan-Shalen (80
Gromov-Hausdor
3 lamination

leaf

R-
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dual

Bass-Serre
R_
G
Rips
3.8 (Rips, 1991). G R- , T,
G
R_
T Bass-Serre
G Bestvina-Feighn 3.7
stab(l) = 1 G 1z
Z
3.8 Bass-Serre G
G R-
G
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