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surfaces], 233, 247

[function], xvi
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[isomorphism], 3

[equivalence of patterns,
patterned surfaces], 225,
246

235

[automorphism], 24, 28

[set of all functions], 47

[restriction], 47

[subgroup], xvi

[partial order], 18, 47

[integer or ordinal interval],
XV

[commutator], xvi

[rank of free module], 204

[index of subgroup], 3

[Boolean pairing], 47

[pairing], 48

[presentation], 2

— [semidirect product], 30

[domain of difference], 48

[tree interval], 30

[free product with
amalgamation], 14

[HNN extension], 14

[abelianization], 40

falmost equal], 48

[inner derivation], 31
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[automorphism group], 24

[set of almost G-stable
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‘%f ¥ nX s
Bo,

B(),
B/(K)
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CII’ C(Z)
cd

(¢1), (¥2), (¥3),
C(K)
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d/0x

o

A—

(-)a

d('7')

DH’ Dﬂ)
Der(-,-)
(21),(22),
D

o

F-
Fn
FP
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G()
GD,

Gx

Gx’ Gx, GX

.

[Boolean ring], 54, 55, 124,
126

[quotient Boolean ring],
125, 126

55

237

242

[boundaries], 141

[n-boundaries], 218

218

234

[cyclic group], 2

[set of components], 29, 33

[cohomological dimension],

110

247

[simplicial chain complex],
218

218

218

[partial derivative], 166

{coboundary], 54

[coboundary map], 218

[boundary map], 29, 113

[boundary map], 218

[diagonal], 42, 179

[G-set from derivation], 107 '

[distance], 25, 67

[dihedral group], 2

[set of derivations], 107

261

[dual graph], 225

[exponent 1, —1,*], 1,8,49,
125

[augmentation map], 29,
111, 115

[orientation map], 136, 156

[number of ends], 126

[edge set, one-simplexes],
4,223
81

[space of ends], 124, 126

142

[empty set], xv

[simplified surface map],
249

[two-simplexes], 224

[free group], 2

[finiteness property],
144, 155

[conjugation], 3

[graph of groups], 11

see geometric duality in
Subject index

[orbit], 3

[stabilizer], 3

GL_()
HCF
H'(-)
.

H*

-

Im{z)
Inn(-,-)
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[general linear group], 21

[upper half plane], 21

[highest common factor],
XV

[first cohomology group],
107

[homology], 135, 136, 138,
218

[cohomology], 107, 135,
136, 219

[initial vertex], 4,5,8

[imaginary part of z], 21

[set of inner derivations],
107

[pattern map], 224

[polynomial ring], 27, 28

[free algebra], 28

[power series ring], 25

[Laurent series ring], 25

[»# x n matrix ring], 202

225

[positive integers], xv

[normal surfaces], 249

[involution], 155, 156

[dual complex], 164

[opposite], 57

[fundamental group], 13, 32,
36

[fundamental group], 220

[projective dimension], 110

see Poincaré duality in
Subject index

[projective linear group], 21

[projective special linear
group], 21

[patterned surfaces], 247

[rationals], xv

[group ring, G-module], 110

[real numbers, Euclidean
1-space], xv

[Euclidean n-space], xv

[real part of z], 23

[circle], 137

[sphere], 137

(LD, (£2),(F3), 255

[simplex set], 215

[set of n-simplexes], 215
[special linear group], 21
{incident edges], 5

[size sequence], 92
[symmetric group], 3
[terminal vertex], 4, 5,8
[transpose], 149

[edge functions], 11
[connecting elements], 11
[tree for a tree set], 49
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T(G(-), —, —) [standard graph of tree], 31

Tor
tr
Tr

T2
U-
V-
Vi), V-

Zao
vr

w-

E()

145

[trace], 108, 202

[Hattori-Stallings trace],
204

[2 x 2 lower triangular], 28

[group of units], 21

[vertex set], 4, 215

[induced almost equality
classes], 81

[infinite stabilizer part], 90

[almost equality class for
T], 74

[augmentation kernel], 29,
111, 115

[words in set and its
inverses], 1

X(G,S)
X(m, n)

b

N

Z+

zZv,z7[v]
Z(-)
Z(K)
Z"K,G),

Symbol index

[Cayley graph], 5

[distance-transitive graph],
67

[Boolean space], 124, 126

[Euler characteristic], 37,
105

[complex conjugate], 21

[integers], xv

[non-negative integers], xv,
224

[{0,1}], xvi

[free abelian group], 28

[cycles], 141

[n-cycles],

218
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accessible, 130 of group, 126
(G-)action, 3 boundary, 138, 141
acyclic, 141 boundary irreducible three-manifold, 258
adjacent, 57 boundary map, 29
affinely independent, 216
almost all, 59 cap product, 1467
almost equal, 48 Cayley graph, 5
almost equality class, 48 cellular chain complex, 29
for a tree, 74 chain
almost finitely presented (afp) group, 229 equivalence, 141
Almost Stability Theorem, 74, 99 inverse, 141
almost (G-)stable, 48 map, {41
arc, 243 changes
aspherical, 135 of Type A, 250
attaching maps, 79 of Type B, 251
atoms, 54, 62 of Type C, 253
augmentation of Type D, 253
homomorphism, 111 characteristic
ideal, 111 of ring, 206
map, 29, 115 see also Euler characteristic
module, 29, 115 clopen, 124
augmented cellular chain complex, 29 closed
automorphism manifold, 135
affine, 28 path, 8
de Jonquiéres, 28 coboundary, 54
of free group, 24, 37-8 cocomplex, 141
of graph, 5 cohomological dimension, 110
automorphism group, 21-8 cohomology
of group, 107, 135, 157
band, 227 of pair, 138, 176
twisted, 227 coinduced module, 107
untwisted, 227 commute with direct limits, 143
base of fibred tree, 79, 80 compatible patterns, 235
blowing up, 78-80 complete graph, 67
Boolean ring, 54, 124 complex, 29, 141
of graph, 54 component
of group, 126 of function, 54
Boolean space, 124 of graph 9,
of graph, 124 of set of edges, 88
279
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compress, 90
(G-)compressible

edge, 90

(G-)set, 90

(G-)tree, 90
compressing disc, 260
concatatation

of paths, 8

of words, 1
concentrated, 141
conjugation, 3
connected

element of Boolean ring of graph, 55

graph, 9

relation in graph, 9

set of vertices in graph, 55
connecting elements, 11
connecting map, 142
contracting, 9

map, 9
costructure map of tree, 48
countably generated over a subgroup, 82
covering map, 221
cube, 41
cut, 54
cycle, 141, 218
cyclic group, 2

degree, 141
derivation, 30
inner, 31
outer, 31
derived complex, 217
diagonal
G-action, 3
map, 179
set, 42
differential, 141
dihedral group, 2
dimension
cohomological, 110
duality, 136, 139, 152, 156, 158, 175, 177
projective, 110
disc equivalent one-submanifolds, 243
disc equivalent two-submanifolds, 254
distance
in tree, 8
in unoriented graph, 67
distance-transitive, 67-71
doubly infinite path, 18
dual
map, 47
of CW-complex, 161, 164
of linear map, 149
of module, 149
of Poincaré module, 152
duality, see Poincaré and geometric duality

Subject index

edge, 4

function, 11

group, 11

set, 4
empty path, 8
ends

more than one, 128

of graph, 124

of group, 126

two, 129-30
essential vertex, 232
Euler characteristic, 36, 105, 163
exact complex, 29
Ext, 142
exterior element, 62

fibre, 79, 80
fibred tree, 79, 80
(G-)finite, 4
finitely generated
group over a subgroup, 82
projective resolution, 144
forest, 9
FP, FP,, FP_
group, 155
module, 144
free abelian group, 21, 28
free action
on set, 3
on tree, 16
free algebra, 28
free factor, 123
free generators, 2
free group, 2
free object, 21
free product, 14
with amalgamation, 14
(G-)free (G-)set, 3
fundamental class
for group, 157
for module, 152
for pair, 176
fundamental domain, 220
fundamental group
of a graph, 13, 36
of a graph of groups, 13, 32
of a topological space, 220
fundamental (G-) transversal, 10

GD, see geometric duality
general linear group, 21-8, 106
generate

Boolean ring, 54

group, 1

subgroup, 2

subtree, 8
generating set, 1
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Subject index

generators, 2
geodesic
in tree, 8
in unoriented graph, 67
geometric duality
group, 136, 158
pair, 139, 177
geometric realization, 5
going into, 5
going out of, 5
graded
abelian group, 141
map, 141
over G-set, 179
graph, 5
(G-), 4
automorphism of, 5
complete, 67
directed multi, 45
isomorphism of, 5
map, 5
unoriented, 67
graph of groups, 11
associated to (G-)graph, 11
Grushko—Neumann theorem, 45

HNN extension, 14
homology, 141

for group, 135, 157

for pair, 138, 176

for simplicial complex, 219
homogeneous, 141
homotopy, 141

inaccessible, 130
incidence functions

on edges, 4

on paths, 8
incident to, 4
(G-)incompressible,

edge, 90

(G-)set, 90

(G-)tree, 90
index of subgroup, 3
indicable, 207
induced module, 107
infinite path, 18
initial vertex

of edge, 4

of path, 8
interior element, 62
inverse

of path, 8

of word, 1
invertible on, 115
involution, 155

irreducible three-manifold, 258
(G-)isomorphic, 3

Kaplansky’s Theorem, 203
Kronecker product, 219
Kurosh subgroup theorem, 35

lattice, 25, 59

left conjugation, 3
length of path, 8

lift, 142

(G-)linear map, 28
locally finite graph, 5
loop, 4

(G-)map, 3

maximal subtree, 11
minimal (G-)subtree, 20
(G-) module, 28

neighbour of vertex, 5
neighbourhood of vertex, 5
nested

elements, 47

subset, 48, 53
Nielsen—Schreier Theorem, 37
normal form, 45
normal surface, 248

occur in path, 8
opposite, 57
{G-)orbit, 3
orbit space, 220
orientable, 136, 139, 157, 176
orientation
involuticn, 156, 176
map, 136, 156, 176, 177
module, 156, 175

partition for a function, 88
path, 8

closed, 8

doubly infinite, 18

empty, 8

infinite, 18

inverse, 8

reduced, 8

simple closed, 8
pattern, 224

equivalence, 225

reduced, 228
patterned surface, 246
PD, see Poincaré duality
piece, 249
planar group, 162
Poincaré duality

for manifolds, 135

281
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group, 136, 156 oriented, 217
module, 152 simplicial map, 217
pair, 139, 175 size sequence, 91
point skeleton, 215

away from, 18
in opposite directions, 18
in same direction, 18
to, 18
polyhedron, 216
polynomial ring, 28
presentation, 1
projection map, 179
projective
complex, 142
dimension, 110
module, 110
(G-) module, 109
resolution, 110, 142
projective linear group, 21, 24, 103, 106
projective special linear group, 21, 24, 106
proper action, 136

quotient graph, 5
quotient set, 3

rank

of graph, 36

of group, 2
realization

of a graph, 5

of a simplicial complex, 217
reduced path, 8
refine, 87
relation set, 2
relations, 2
relators, 2
respect nesting, 49, 53
(G-)retract, 73
returning arc, 250
right G-set, 3
right conjugation, 3

sce, see simple closed curve
Schanuel’s Lemma, 111
Schreier Index Formula, 37
semidirect product, 30
Serre’s Construction, 170
Serre’s Extension Theorem, 172
(G-)set, 3
(G-)set, right, 3
simple closed
path, 8
curve, 243
simplex, 215
simplicial chain complex, 218
simplicial complex, 215
locally finite, 216

special linear group, 21-7, 106
(G-)stabilized, 3
(G-)stabilizer, 3
(G-)stable, 3
Stallings’ Ends Theorem, 75
Stallings—-Swan Theorem, 114
standard graph = standard tree, 13
star, 5
Stone Representation Theorem, 124
structure map of tree, 48
structure theorem
for G-set, 4
for group acting on CW-complex,
41
for group acting on graph, 39
for group acting on tree, 15
(G-)subgraph, 4, 5
subtree, 8
in fundamental G-transversal, 10
maximal, 11
minimal (G-), 20
surface group, 102, 137

term of a complex, 29
terminal {G-)tree, 130
terminal vertex
of edge, 4
of path, 8
thin, 55
Tor, 145
trace, 202
(G-)map, 109
Hattori—Stallings, 204
track, 224
minimal, 237
thin, 234
twisted, 227
translate
of closed path, 40
edge, 18
transversal
fundamental (G-), 10
(G-), 4
tree, 8
set, 49
standard, 13
unoriented, 53
trivial action, 3
trivial fibre, 79
trivial group, 2

unit, 21
universal covering tree, 36, 39
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unoriented vertex, 4
graph, 67 vertex group, 11
tree, 53 vertex set, 4

valency (G, W)-weight, 197
of graph, 67 word, 1
of vertex, 5
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