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Persistent homology
- -

- one of the main tools in TDA

- pioneered by Frosinic Robins ( egos )

Edelsbmumer , Lets her , zomorodran Coos)
Carlsson

, - -

-



Motivation from astronomy



Observe star clusters -

think of stars as point cloud
,

o
. e .

collection of finitely many

pts in some End
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vector

space

tommie : Fifa
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Observe ' holes
'
i.e . higher chin 'd structure

.

Holtan Hav detect ' holes
'

wth a computer ?

Nontrivial , can be solved with a tool from af .

top .

called ' homology !

Penn tent homology
-

Basicideas
" A hole in some top . space is

something that is not the boundary of

something else ?



8 '

Steph tear to get a top . space
from print cloud ?

Here we construct a
Vietoris - Rips cplx :

If for any f ! ) pts out of the givin pts the

powrivrie.ch tuna is E E then WE include these

pts as an Thott
. a- ahpkx

) .



Step compute homology of VR cplx ( depends

on e) = combinatorics t bunion algebra

steps Display dependence on E in a compressed
,

easy - to - read way
in terms of a

' barcode '
.



The barcode displays the

C penitence
) of homology

classes - penitent

homology ( Ptl )
.

+
clusters

a } barcode

holes -



Morale-
The barcode describes the shape ' of

the print cloud data
.



Features of PH
-

• stable under small perturbations of the point cloud

→ can
handle Choisy

' data

• works more generally for any point cloud

that has the structure of a finite metric

space



Example Phylogenetics and viral evolution

(Chan , Carlsson , Rabadan
' 13 )

A phylogenetic
tree ( ' tree of life ') represents the

evolutionary relationship between organisms -

here we cowards certain influence viruses
.



vertical evolution . random
•

mutations over a member

• of generations

Timmermans mammon

• . . .
. individuals of different

L t t t d
lineages

Run Ptt on this dataset :



points ( finite ) genetic sequences

from the alphabet { A , 46,53

of nucleotides

Ecg . A- AT CG GTA

metric Hamming distance

A

ACT G OG CA

dndtonce -
-

= # mismatches ( here it's 3)



Upshot PH detects nontrivial homology

→ supposed to be responsible for epidemic

outbreaks of influenza in the past .



Theptwahflav

da③→top.dz←dgp ⇐
point cloud filtered

( fuse metric shyhrinl pen .
hem

'

barcode application
space) cplx ( combinations

( c -

g.
VR ) hw . ay .) Comptometer



Reference

• Carlsson = Top . pattern recognition for point cloud data

• OP tote ( Oxford )
-
- A roadmap for the computation of pH

Computing

several packages ( e.g .
JavaPlex

, Ryiser , - . . )



Rropoixisalfortp

• understand app
'
n Ce - g

. genetics ) in full detail

→ get data set

→ mm PH
•

→ discuss the results ahh biologists

• find a problem that

- biologists want
to solve

- PH cannot do ( get

• improve theory .


