



































































































































AMAT 584 Lecture 9 February 10 2019

today Simplicial Complexes from Data
References EdesBrunner Harer Charat Boissonat Yvinec textbook
so far in TDA I we have focused on the study of
simplicial complexes

Today we'll disuss how simplicial complexes arise from
data in the context of persistent homology

Motivation Use tools from topology to detect
holes in data

t
ite subset of 112 n possibly large OR

A finitemetric space e.g DNAsequenceswith theedit
distance or 3D protein structures with RMSD metric

Iii

O D holes dusters 1 D holes loops




















































We see that the data set on theleft above has
3 clusters O D holes while the data set on the right
has 2 loops I D

How do we use topology to detect this structure

keyProblemi Thedata is discrete
n l

sprieankfiss its own path component topology is noNeither data set hasany holes interesting

SolutionFirst thicken the data set
Then analyze the topology of thethickened data

i

We encountered this idea in TDAI when studying
clustering



tow to thicken
For R and no let BG r yelk okay s r

Euclideandistance

BLxr is called the closed ball of radius r centeredat x

µf Nifty hey
boundary circle is included

BG r

For f Ex xm c IR and r 30 let

U X D Bhi r u Bla r U o ou BGm r

Yi Bhi r

thus UH
r is the union of the closed balls of

adios r centered at the points of X

O

U0,0 UH n VO



UH r

This is a very sensible way to thicken a
point cloud

Questions 1 How to choose r

Anse As in single linkage clustering we consider
all values of r and study the topology of the
of the family of spaces UH r recap

This idea lies at the heart of persistent homology

For now we assume that re 0,0 has been
fixed

2 How to work with UH r computationally
Forexample how do I count the holes in Ulf r



3 If X is a finite metric space not embedded in IR
how do I thicken

A to both 2 and 3 Construct thickening

using simplicial complete

Three constructions
Each complex bfotmhotoapyeequ.ua

enAlpha complex Delaunay Complex to ucx.rs
Vietoris Rips Complex defined for finitemetricspaces

All are very closely related to the neighborhood graphs
we studied in TDA I when discussing clustering

Leech Completes

Before giving the definition let's start withtwo examples

Let X QQ Ed03 lo DHD
H Iz Is Yy

Let r tr 8 small
F I've drawn BGi r foreach ifEl 43

in blue



We construct an abstract simplicial complex s xy

Tech X r with vertex set x xy ok

so the O simplices are of the form x it l 43

Tech X r containsthe1 simplex Lxi xj iff BGi r nBGj

Thus the 1 simplices are Exists Gi xD Etz ty
Xz Xy G 4

x D
techLX r contains the 2 simplex xi.xj.tk iff
B ki r n Bhi r n BGk r t 0
Thus there are no 2 simplices in techH r

If there are no 2 simplices there are no highersimplices

So techH r Exit Exit AD ExtEtixD Eti xD
Gz Xy 63,84

The geometric realization 1tech f r l is a square



Note that Kuechly r l is homotopy equivalent to
the union of balls UH r But not homeomorphic

General definition
Four X x xn CIR and r 0 the tech complex

Egg g
is the abstractsimplicial complex with vertex set

H xn such that

jo X C techA r iff

B x o r nBCxj r n onBG K r t 0
Exercise

Consider f x B as above and r so that
the balls BGi r intersect as shown

What is Cech X r


