



































































































































AMAT 584 Lecture 12

today Comparison of Vietoris Rips us tech complexes
Alpha complexes

Review

For G a graph a bclique of G is a nonempty subset
x Xu of V G the vertex set of G such that
x x c G for all icj GEl k

Note If 0 is a clique and ooo is
non empty Then I is a clique

A to E A B C D is a cliqueExample ooo

AB C is a clique
BJ.TNc

D

Hence The set of all cliques of a graph G is
a simplicial complex which we denote CLCG and
call the clique comeple of G
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Def For 4 a finite metric space and r O
the Vietoris Rips complex of r is

VR XD CL NIH
where Nr X is the r neighborhood graph of
X

ti ti E it
Example For X Lo G GOI U B C bD faff
with the Euclideanmetric time

a

at
VRLX I






































































































































Comp of techandHECompletes
Note from now on all tech complexes willbedefined in terms of
Hersections of closed balls not open balls

Easy fact If 84127 then ftp.QVRLX r and Cech X r
have the same 1 skeleton namely Nzr X

Since VRIXD CL Naral it's the largestsimplicial
complex with 1 skeleton which implies

techG DcVR X r

Conversely it can be shownthat

VRCX.rktechlx.fr
This is non trivial but it is easy to show the weaker result
hat VR X r a tech X Zr using thetriangle inequality

To summarize we have that if 4412 and r 0 then

techH r aVRHDc tech NER
This has important consequences for persistent homology
though we are not yet ready to discuss them














































































































Delaunay Complexe a.k.a Alpha Complexes

Given KIR and r O we willdefine a subcomplex
Del Kr c CechLX r which is usually much smaller and
such that the inclusion

I think that this is
j Delk r techLX r oneofthemost

inchaffping

is a homotopy equine
Constructions

The construction of Del tr relies on a fundamental concept

in computational geometry Kronoi cells

Def For Pc112 finite and X E P the Voroneicellof x
is the set

Vor x yetR lHy xMs Hy X II forall P

In words Vor x is the set of points in Rh which are
as closeto x as to any other point of P

Note that in my notation The dependence of VarCt on
P is implicit



Example for Pand x as shown here

mainmasts

P

In general the Voronoi cells of a finiteset Pc112 decompose
112 into a collection of convex polyhedra intersecting
only along their boundaries

r.gg.gyqg.hoohi.ms

ftp.avg.BY



Now given PeRh yep r O let VorGr Vor ABHI
closedball

at

gizmosbiomass

Vorlx r for each xel for some
fixed r

Definition For 8412 finite and r O DelCf r
is the abstract simplicial complex with vertex set
X and containing a simplex to xD Iff

VorGo DnVorGa r A on Vor x k r t


