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Motivation M of theoretical advancesake use

in 3 manifold topology in practice

Given two 3 manifolds M and Mz do we hav

l M E Mz 2 M Me
compute

heuristics Computationally topologic
I hard invariants

This is difficult

Q Does it have to be difficult






























































Observation If M is given as a
tree like

Sufficiently nice dual
on graph

thin triangulation then No

Example thin T triangulation of 3 manifold M with
Burton Maria S h tetrahedra and dual graph

of treewidth Ek then Twaev V.no

quantum invariants Tvr M

can be computed in

instead of Ofer putty
Of Ir 136kt.tk logcr h






























































and this makes things easier in

practice as well

8 MINS






























































Q Given triangulation T how to reduce
the treewidth of its dual graph

sometimes easyc
theoretical

cannot be

easy in What are the limitations

general of this approach

w M min twldualgraph TI

T trig ofM

Q Given 3 manifold M what is twCM

Answer to Q helps answering initial question






























































Building blocks of 3 manifolds Geometric 3 manifolds
3

Lens spaces are Solarwe only 3 info
1112 112 of few

Austar S
2
IR

Mil E
S CIR

g

the

Seifert fibered spaces


































Triangulations of Seifert Fibered Spaces with tw 2

Q Are there 3 manifolds of arbitrarily
high treewidth






























































naivemathematician
Theorem Austar S Wagner Yes n

There exist 3manifolds

of arbitrarily high tree
width

This theorem connects combinatorial properties

of triangulations with topological properties 4just
of their underlying manifolds like v e

what is the underlying link

J dualgraph IT
µ handle decompositions

ah ons
n 21 T

thin plosition I triangul treewidth
0Mins Congestion






























































HANDLE Decompositions

k aan
it sina.in ulBa

isihYd3

O handles 1 handles 2 handles 3 handles

F I I
1133 1130 1132 113 B x B E Box B

to
B'x u 51 113 O O u






























































HANDLE Decompositions
Handle attachment 1 Take an existing d dim

dim D manifold M
d Take a k handle Hu

3 Identify a region R I Ba
h

athaq on OM
map heat 4 Glue Hu to M along R

N M urHk

Fxa d 3 k 1
l 121913 14

Bit XX

DHu
M






























































HANDLE Decompositions

die attachments in dimension 3

6 0 attaching

of 1 3
a handle

creating
connected

P t k

6 2 6 3

i
blocking a

pipe filling a

void






























































HANDLE Decompositions

Thu Every 3 manifold can be decomposed
into handles

cut up manifold 126 handg
respecting attachment mapM HI HI Hi

n types of handle

de Build up M handle by handle
by handle attachments

Hip HtgpyDH7ggJH3ybouudiugsurfauHdJaz.HoHI M

toy toy Hiott 10071






























































I
HANDLE Decompositions

Special Case Attach all 0 and I handles first
M handle body Uo handle body

Heegaard splitting

Scharlemann Thompson Try to attach 1 handles as

1994 late as possible

small boundy
Put M into
thin position

1hand handless't d.ua b
v i

2handles a small bounding
a surfaces are

Indies handy J tyrannies
3 handles incompressible

large bounding surfaces






























































HANDLE Decompositions

Dim 3 Surfaces S in 3 manifolds M

cowpressit
compressible m

M I s

not inn

separating
Dim 2 Curves on surfaces

no separating essential






























































HANDLE Decompositions

Special Case Attach all 0 and I handles first
M handle body Uo handle body

Heegaard splitting

Scharlemann Thompson Try to attach 1 handles as

1994 late as possible

small boundy
Put M into
thin position

1hand handless't d.ua b
v i

2handles a small bounding
a surfaces are

Indies handy J tyrannies
3 handles incompressible

large bounding surfaces






























































TRIANGULATIONS Z D

s

l
t t t d

u v v v v p v
o z C o D z o 2
A 1 A A A 1 A

B 1B T A V B B
o 2 o z lo z o 2D w v v v P v B v v

2 triangles I

fease i xoxo Ia iI vertex

01 oz iz Ia iii iii iii
f
ii oz.io a'isi Iiif f f fi B 20






























































TRIANGULATIONS 3 D

95 81 511 113

ii
C A

7 v s

o
A 012 013 023 123

is 3 A Fion Blois 1 12311CCM
B

i i i iaf
a f3 A ft closed

There are 13.400 manifolds admitting a

zsm.ms
triangulation of up to 11 tetrahedra






























































CANONICAL HANDLE DECOMPOSITION

Connecting triangulations and handle decompositions

T triangulation O handles tetrahedra
l handles c triangles
2 handles C 7 edges

O
1
handles

thickened
dual

graph

3 handles s vertices

chd T
z

3
handles
thickened

graph

iq
2






























































thucsaito.SI.am
3 infds M Thompson

a requiring an unbounded Thin position works fornumber of handles B
b without incompressiblesurfaces arbitrary graph layouts

a I v

g.me
AI'T Y

z
ohandles 4 k unbounded

b

triangulation tossian
z

with dualgraph T e k
r

A cua f A k 1

tw ax
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