Bass-Serre [1 [0 [0 Stallings 0 0000 OO

ooooor

gbooboobobbo

1 0000

Bass-Serre 000, O (tree) 0000000000 UDOOOOOOOOOOOOOOOOOOO,OO
oobooobooobooooooobo. oobooobobooobooobo,0000b00oo0ob0ooobooobooon
O0000ooopoooo0o0oooooooOo0OooooooboboO. 2000,Bass-Serre0 000000
O000,Serre 00000 [70000000000O0O0OOODO.3000,Cayley000000O0O0O
OO000000000O0 HNNOOODOOOODOOOO0ODOOO StallingsO0O0O0DOOOO.

2 Jooobobobooooobbd

000 100000000 (tree) J00. 000 1000000 XOOOOOOOOO, X OO (circuit)
000 10000000000000000000 ([7, 1.2.3, Corollary 1 to Proposition 13]). 000, X
oooooooooboobbo0 xXgoooooooooo.n2>23000000. v,...,v, 0 X0O000O
gooo,0:=1,...,n—-1000 v,0 v,,ow OOOOODO,v, 0 v, 00000000COO0OO0O0O.
ooog,v,...,v, 000000 n000000O0 XO0OOUOOUOOOO nO X OO (circuit) 0O0O.

O000,Serre 00 [7]0000000000O0 Bass-Serre 0100000000000 DOO,0000
gbooobobooooboobo. 2200 2300000000000, 00000000000. 0060
O HNNOOOOOOOOoooooooooob.obo,0o0oobogogo,bo0ooooboooooooobooo
oboo,0b0o00b0cob00ob0o eENNODOODOOobOooboo.24000,00000000000000¢0O
oooooobooooooboo.

2.1 Serre 000 [7]00

Serre 00O [7]U0000,000000000000O0O0O00OOOOO.

The starting point of this work has been the theorem of Thara, according to which every
torsion-free discrete subgroup G of SLy(Q,) is a free group. This striking result was at the time
(1966) the only one known concerning the structure of discrete subgroups of p-adic groups.

Thara’s proof is combinatorial; it uses, in a somewhat mysterious way, a decomposition of
SL2(Q,) as an amalgam of two copies of SLy(Z,). But topology suggests a natural way to
prove that a group G is free: it suffices to make G act freely (“without fixed points”) on a tree
X; the group G may then be identified with the fundamental group m(G\X) of the quotient
graph G\ X, a group which is obviously free. Interpreted from this point of view, Thara’s proof
amounts to taking for X the tree associated with the amalgam mentioned above; this tree, the
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tree of SLy over the field Qp, then appears as a very special case of a Bruhat-Tits building, the

p-adic analogue of the symmetric homogeneous spaces of real Lie groups.

000 Ihara DO0O0O0O, [ 000000000O0O0O0. 0000, SLy(Q,) DOODOOODOOO
gboboboobooooooooooboobobo,oboboboobooboooooboobOob,booboon
00oo000o0o0o0o0o0o0oo0ooo0oUo0o0oOo0ooooooUoOoUo. (fooooo0
0,00 hara0ODO0OOO0O0O0O0O0ODO0OOO0OOO0O0O0OOOODOOO0OOOOOOOOOO. OO,[7NO
Chapter II 00, SLy(Q,) 00O0O00,00000000000000 SL,00000O0O000COO0OOO.

22 0J000O0OoOOoOooobooon

0000 A, BOOO,000000 AxBOOO. 00000000000, [5, Section 1.2] 0000
0.A0 BOOOO AxBOODOOODOOOOODOOOOOO.

00000,0000000000.A4,B,L0000,¢:L—A0:L—B0000000O00.O
00 A*xBOOODO. AxBOOOOO {¢(g)w(9)"'|ge L} 000000 AxBOOOOOOO NO
00,00 (AxB)/NO (¢, 0000)AD0 BO LOOOOOOOD. 0000000, ¢,¢ 0000
0,0000 A=, BO0O0O. A, B0O,00

(A, B|OOO geLDOO ¢(g) =1(g))

g0o0ooOOoDOdbOoOooOoog. ¢,y 000000000 0ODO0ODO0OOO0ODOODODOOO,0000O
O000,A, B,LD Ax, BOOOODODOOODOOODOO.O000O0O,¢,v000000000O0OCODO
ooooo.

0000,00000 van Kampen 0OO0D0O0OO.

00 2.1 (Van Kampen 000). X,Y, Z000000000000,i:Z2—X0 j:Z—Y 00000
000000000000. 0000 XuYOOO0O,0 2€2000,i(z)eX0 j(z)eY 000000
000000000000 WOOO. é4:m(Z2) »m(X)0 ju»:m(Z)—»m(Y)00O000000000
0.0000,X,YOOOOOOO wOoOOOOOOOOOO0OO0O00000 f:m(X)«m(Y) — o (W)
000000,0000 {ida)j.(a) " |eem(2)} 000000 m(X)*m(Y)O0OOOOOOO0OO0OO.

000 [5, Theorem 1.200 0 0000. OO0O0ODO0OO,n0O0 SloooO0oooo0,~n00 Z0OOO
do0odoooboOoobooo. oboob F,000,00n0000000.000000 Zz0O0DOOODO
F,OOO,00 coOOOOOO.

00,000 G=Ax, BOODOOOO TOODODODOO.TOOOOOOd V(T)DDDDD E(T)DDD
goooood:

V(T)=G/AUG/B, E(T)=G/L.

DgeGOOO,0 gLe B(T)D000DDO gA,gBeV(T)DD00DO0. A/LO B/LODOOOD
goooo
A:{e,al,ag,...}CA, B:{e,bl,bg,...}CB

0000000.00 AeV(T)DO00000000000 {aBlacA}O000 (O01). GO AD
BOODDOO0O0OO0OO,00070000000. A\{e}000 B\{e}0000000000000O
¢GO0000000000000000000,7T0000000,000,00000000000.

GO V(T)DO E(T)00000000000000,000 TO000000000. 000000000
ooooooo.

e 10 GATOOOUOOOO.OO0O0O,0g¢geGUTOO eceET)000,ge=e000,g0
el0000D0OO0ODOOODOODO.
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alblA
bQCLQB

alB

b A

a2b2A blalB

01000 Ax,BOODOOOO

e scV(IUET) 0ODOD,s00000 GOOOODOOOOOO
Stabg(s) ={g€ G|gs=s}
0s0GOOO0O0OO0O0OO0O0.0000,0¢eGO00,00
Stabg(gA) = gAg™', Staba(gB) =gBg~', Staba(gL) =gLg™'
ooooo.
e 00 GATOOODOD G\TOO 2(a) 0000 Path, 000000
0000,000 G=A+, BOOOOOD,GO0O00000 7T00000.00,000000.

00 2.2 ([7],L4.1, Theorem 6). 0 G' 00 TV O0000000O0OOOOOOO,000,0000 G\T'O
Pathy 0000OO0O0OOO.T'00 ed00,uw,v0 e00OO00O0O,

A= Stabg/ (’LL), B = StabG/ (’U), L'= Stabg/ (6)

O0000.0000,A4«,, B00 GOOO0O0ODOOO0OOOOOOOO.

23 HNNOOOODOODOOOoOO

00 220,00000 pPath; 00O0OO0O0OODOOOOODOOOODOOOOODODOOODOOOOOO
O0. 000000 HNNOOOO0OO0O00oooo,000000 2((b)0000 Cire; O0D0O0ODODOOO
gboooboooobooboooooboo.

AO0O,LO0 A0OD0OOO,¢:L—- A0 (OOOUOOOOOOUOO)0O0OO0OOUOOO.0OOOO,00

(A, t|0D00 geL OO0 p(g) =tgt™)

00000000 0000 AODHNNOOOOO, HNN(A,L,o) OODO.
G =HNN(A,L,o) 0 HNNOOOO,GO0O000O0 T000000.TOOOOOO V(I)oooOo
0O F(T)0000oooooo:
V(T)=G/A, E(T)=G/L.
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O 2: (a) Path;. (b) Circy.

0¢geGOOO0,0gLeE(T)000000 g4,gt*AcV(T)0000000.0000,7T00000,
GO0 TO000O0O0OOO0D0O000.000,00000000000,0000000 Cirq 000000.
oo,000000.

00 2.3 ([7], 1.5.4, Corollary 2 to Theorem 13). 0 G' 00 T"000000000O0OOOOO,000,0
000 G'\T'O Circ; O000ODO0O0OOO.T'0O0 e000,uw,v0 e0OO0O0O,

A’ = Stabgr(u), L' = Stabg(e)

0000.G 00 s0,sv=uv00000000.000 ¢:L A 0,0gel’000 ¢(g)=sgs?
000000000000.0000,¢0 s0000000000000,HNNA,L,¢)00 ¢'000
oooooooo.

Oo0ooooo,0000DOo0o000oooobob00g0n0n path, OO0ODOOOOO,00 HNN
ooooooooooogooooon Crep UO0OOO0O0ODOO. D0DOOOOODOOOODDOOO
gobooboobooboooooobooobooboobo. ooboo,00bo0obooboooboooon
000000000000 00000ooO0o0UO. 0ooooUo (7,154 00000.

24 0O000O0DOOOOO

O GO00T00o0opooo0ogoooo, G000 g0 TO0DO00D0D0vODOOOODOD,g00DOOO
goooboo.oooobo,21b00000000,000000000O00DOOOODOODOOO0.

00 2.4 ([7],1.3.3, Theorem 4). O GOO 7T00000,0000000000000000. 000O
GOoOoDoooo.

O00. G0 TOOO0O0DO0OO0O0OOO0,TOOO0O0OODO G\TUOODODOOUODODODOOOO,GOOOO
o0o0oo0o0.ToO000O0O0OOOO0OO0,GO0 m(G\T)OOOOOO.ooO,100cCcwooOoooo
00000,000000000.00000 [7,1.2.3, Corollary 1 to Proposition 13] DOO0O0OOO. O

ugbooaobooaoodan.
0 2.5 ([7],1.3.4, Theorem 5). 00000000000 O0OODOO.

00.F,0 ay,...,a, 0000000000000, 0000 Cayley 000 T =(F,, {ay,...,a,}) O
0000,F, 00 00000,000000000 (Cayley 00000000000 3.1000000).G
0 F,00000000,G0TO00000,000000000.00 2400 GO0OO00O0O0O. O

3 Stallings 0 00O

ocooo0o,o00000 OO0, O000000 200000000 OoO0DOO0OOOOOODO
HNNOOOOOoopoooooooooooooooooooogouo.ooooo,coo0ooooooo
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ﬁ* |
Hp

(b) (c)

O 3: (a) D(Z,{1}). (b) T(Z2,{(1,0), (0,1)}). (¢) D(Fy,{a,b}). 0 ¢, 0000000000000,

cooo,00opooogooooo0ogoooogoooooooooooD0obooobL.Foooggoo, G
O0O0OO0Q CayleyOOOOOOOOOOOOOOOOOOOOODOODOODODODODOOO. Stallings 0O
O0,Cayley I0OODOOOOODODOOOOOOOOODOOCOOODODOOOO, CayleyOODODOOOOOO
OO00000000O0o0o0ooggOo.3100 CayleyOOODOOODDDODDDODODOO, 3.200 Stallings
gboooooooooo.

3.1 000000 Cayley DODODOODOODO

GO00000000,S0 G\{e}00000000 GOOO00O00000.S0000 GO Cayley
0000 I(G,S)000.000,G00000000,G00 ¢, Ah000,¢g'hesS000 h~lgesSOO
000,¢0 ARO0D000D000O0000O0000O00000000.I(G,S)00000000 |I(G,S)|
000,0000 GO 0G,S)| 000000000,

00,G00000 KODOO,n(K)O,|I(G,$)|\KO0O0D00O000000000000000000.

e(G,S)=sup{n(K)| KO GUOOOOOOO } € Z>oU{cx}

00000. 00,eG,S) 0 S00000000000000000000000 310000, 00

e(G,8) 0 ¢(@G) 0000000, GOO00D0OOOO. 000,000000000000 0000,
e(Z)=2000.00,n>2000,eZ") =1, e(F,) =00 000 (O 3).

PGO GOOOOOOODOOD,FGO GOOOOOODOOOOO. 00000000000, PGO
000000000000.000,PGO00000 A, BOOO,A+BePGO (A\B)U(B\A)OODO
00.0000,FGO0 PGOOOOOOO,PGOOOOOOOO F,00000000000. GO PG
0 FGOOOOOODOOOOOOOOD.000,G000 PG/FGOOODOO.

OG={AePG|000 ¢geGO00 A+A4A¢000000.}

000000, 00 GAPGE/FGOODODOUOOO QG/FGOOOOO.

00 3.1([2,1.6.26). 00000,00 oG, S) = dimg, (QG/FG) 00000,
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dimp, (QG/FG) 00000 SO0O0O0OOOOO0O,eG,S)0 SO000ODOOOO0O. O0DOOOOO
000000000000000. 000o0oooo [2,16.2)0 09,3.1)00000.

e 00000000 GOOO ¢G)€{0,1,2,00} 000.

e ¢(G)=0000000 GLOOOOODOUDOOOOOO.

e(G)=2000000 GUOOO0O0O0ODO0O ZzOODOOOODODOUOODODODOUOOOOO.

e GOODODODOOD HOODO,O0O eH)=¢(G)0000ODO.

GOO0000000 NOOO,O00 eG/N)=¢(G)00000.

3.2 Stallings 0000000

Stallings 00 000000000000, StallingsO00O0O )00, GO00000O0O0OOOOOOOO
O00,00,Bergman 000 [1]00000O00O0OODOO.

00 3.2 (Stallings 000, [8],[1]). GOOOODO0000.0000,eG)=2000 co000000,
¢G0O00000 LO00000,00 (), () 000000000000000000.

() LCA,LCBOOO GOOOO A BOOOOO G=Ax,BO0O00.
(i) LcCcOO00 GOOO00 CcO000000 ¢:L—CO00000 G=HNN(C,L,p)0000.

00 () 000 () 0000000,00000 2000 coOO0OOOOOOOOOODOO.OOOOO
gooooooob,boob0o 2000000000000000O0,00000000000,0000A0
200000 (()000 ()UDLOO0O0OOUOOO0OUOOOO0OO0. 00 3200000000000000,
00000 co00O0OODO (1) 000 (i) 00000000000 0OO.

Stallings 000000, 0000000000000O000O0DOOO0OO0OOUOOOOO,D0DO0000 9,
321 00000000. 000000 Dunwoody 40000000, GUOOO0O0 200000000
O,O0000000,0000000Q0QQOOOOOOODOODOOOO,00000DOO.

o0 32000000,0000000000000000O0000O0O0. 00O00O0DOO0O00C0OO.

00 3.3 ([8). D000 ODOULOOOODOO,D00O00O0ODOOOOOOUDOO.

ub 3200000,00 33000000000000000000O000O0DOO0OO0OO. ODOOOOO
OO00,00000,00000000000000 Grushko-Neumann 00O0O0O00. 00000 HO
0o0,r(H)0 HOOOOODOOOODOOOOO.

00 3.4 (Grushko-Neumann 00 0). 00000 HOOOODOUOO Hy, H, OOUOO H=H;*xH, OO
0000000O0. 0000, H, H, 00000000000, 00 »(H) =r(H,)+r(H,) 00000,

000ooog, [3, Theorem 1.10.6) DO OOO.

oo ss000.0000000O00O0O0O0O0O,FO GOOOOO0OO00O0O0O0O0O0O0O000O0O0O0O0.
3100000,000000000000,eG)=e¢(F)0 2000 coOOO.00 3200,G0000
00 LO0OOOO ())00D0 () 0000 GO0000000. Goo0oooooogo,Looooo
00.000,00000 A, BOODDOD G=A«xBOOO0OO,0 COOO0O0 G=Cxz0bOOO0O.00
ooo,FNnAO AOOOOOOOOOOO,O0 25000000000.0000 320 A0000O,A
ocooooo.0ooo0o0 pOOOO,D00DOO0O0O0ODOOO0ODOOODOOODOODOOODDOO.O
034000,000000000000,00000 GO ZODODOOOOOODOODOO.OO0DO,G0O
oooooo.oooboooooboooooo. O
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ooo,00 32000000,000000000 100000DOO0O0OOOCOOOOOOOOOOO
O00000pDOoOoO0od. stallings 00O O, 0000000000000 000O0ODOOO,00D0000O
0000000000000. 00000000000 [9OO000000000D000DoOOoOooOoOOO.
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