
 

AMAT 584 Lecture 34 4 20 20

today's Persistent Homology
Note Lec 33 was canceled But I am assuming
you have read the notes from that lecture
will cover some of the same material but with
different emphasis

Persistent Homology Pipeline

e.g points in IR or finite metricspace

ifiltration e.g Tech Rips or Delaunay filtration
I

PersistenceModuleT
I

Ba

We explained earlier in the course how to
construct a filtration from a persistence module
Now we need to consider the other two steps
in this pipeline

In the lecture 33 notes we considered filtration and
persistencemodules indexed by d or INI



Today we will focus just on 1N indexed filtrations
and persistence modules

Defines UN indexed case
Afiltration G is a sequence of simplicial complexes

GoeGEGzc
or topological spaces

For simplicity in what follows we work with vectorspaces over
thefieldFz Though we can work with any field

Apersistencemodule M is a sequence of vector spaces
and linear maps

Mo M Mz Es wdiispjf.ionMD
Abarcode is a multiset of intervals in the real line
Typically each interval is of theform a b b is allowed to
be a
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PersistenceModuleT
Applying its homology to each simplicialcomplex andeach inclusion

map in a filtration
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Gives a persistence module
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PersistenceModuleT
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Lef Acompatiblesetof bases B for a persistence module M
Is a choiceof basisBTGTeach vector space Mr ofM suchthat
1 if trek and be Br either Mr.it EBrti or

Mr.ru b O
2 If b bzCBr b bz and Mr r bi 0 then
Mr.ru bi tMr.r bz Thinkof this loosely as an injectivityproperty
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let Bo I no m
n
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f El'd 3 Monk lo t
I Minto l t

Bi E for i 33 Mi 249 0 1
This gives a compatiblebasis B

M33 l O



Example Tiz

M E Fits Fz o O
mo m ma

B as above is not a compatible basis because
M 16 M 2197 I so 2 is violated

But the following is a compatible basis

Bos B Monk b t
B Elol C B Minto l t
BE I Mi di O 1
Bi E for i 33 M fl 0

Constructing a becode fern a compatiblebasis
Idia Elements in a compatible basis form chains
The indices at which a chain begins and ends gives an
interval in the barcode

SupposeB is a compatible basis for a persistence module
M

Consider theset LIB b r l be Br Let pi UB Loor
begiven to plebDsr That is p is projection onto thesecond

coordinate

I



Define an equivalence relation on UB by bi n b r'T iff
Mr r b b or Mri r lb't b
It's straightforward to check that this is an equivalence
relation

Foreach equivalence class E let

b E min p E d E max p E t 1

We define the barcode

BowelB bCE d El E is an eq class of
n

Theorem If M is p f d then there exists a compatible basis

B For M Moreover BarcCB is independent of the choice
of B Thus we obtain a well defined barcode BercCM


