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Recap
· End project proposals - duethis
week Is lot coming soon)

· Office hours today , 2-3pm , if you
have any questions

· Older assignments - please submit

ASAP



Stability of Persistence
Previously,

we saw
several notions of

stability , ie :

Ex a trangulatable space
X With 2

continuous, tame functions
f ,g : X-

R,

a let Do +D be the resulting
- 9
sublevel set persistence diagrams

.

Then B(Df
, Dg) Elf-gls

(similar statements for pointclouds)
↳ Rips,orLeta&



Pictures

There are many
notions ofstability,

but almost all
result in an

explicit map
from Dg to Do

(where points on the diagonal
are also

used).



Time varying point
cloud

A dynamic point
cloud X(t) =

(x(t) , .., Xn(t)) is
a point cloud which

continuously , for te[0,
1]
,

is moving
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.,
Xn(t))
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Cohen-Steiner
,
Edelsbrunner , Morozov

Vineyards-2006

For each time to we
have a

persistence diogram
D(X(t) .

This one parameter family is

called a vineyard : ->X

~ (X)=&D(X(t)(te(0,1]
t

I
#

space of
->>
E

[01]->D pers
. diagrams -
#

-

t +c D(X(t) E ↓
to ↓



If the dynamic point set X(t) is
continuous with respect to Hausdorff

distance, the Vineyard is continuous

with respect to bottle neck distance.

Why? Stability!
Vine : trace of some

off-diagonal persistence ↳
pant. yo
Note : things can
appear from diagona , disappear into

dieg,

a collide



Similarly, consider a simplicial complex

11/ with 2 functions f,g :R
- any homotopy for interpolating from

= to to gift (with each fotame)
.

Vines are smooth except
where

critical pairs change
↳ called knees.

How? places where

birth/death times conside



Aside on vines

Not clear if arbitrary vineyards
can decompose nicely into

vires.

20232013Turner

(mostly because of diagonal aknees

Nonetheless , computation & statistics
for vineyards are well-stunded

.



-

outation Cohen-Steiner ef a 2006Comy u
For trangulation K of space X

with

montone function f
,

recall our matrix

algorithmi
-
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Result : sairs (Gi,j) withI
AC

,
C
-
CP
,
D ↓ i= lown(j)
wa

- G: positive

= 6 regative

⑭ ↓ &po
# i

L



Updating the pairing
Suppose

order of 2 simplices flip :

need to update persistence pairs

(maybe).

Some linear algebra : can
rewrite

R Vinvertible - upperriangular
=> D=R(vi) =Ru
-

-

positive simplices- zero colums

negative -> non-zero



Matrix cases

if it in filtration
:

- -Swapping
change in birth/deathcan cause

pairs

#

Worst case update cost :

O(n) (at most the number
of

Is in affected rows
- columns)



Initial application
Protiens : curve b : [0,1]+R

BBAS : N =23 amino
acids

where fosiem,
mH = 201 frames ,

its snapshot is a curve
bi
bo

↓

They define a
distance

pairwise
50, 132
->R with

(rs) + 11b(r) -b(s)/)

on each bi Y T
↳ build filtration for bi bas broo



Then
,
build vineyards :

Somewhat hard to

parse ,
but g

Ives

S-evidence of stages

2nd staget
C-heky forms
↓ backbone IS

an S-shap
[59 knees here]



Another application
-Brain connectivity Y00

,
Kim

,
Ahn
,
Ye 2016

functional connectivity inDynamic stages
resting

and gaming
EEG data of 54 students

using
DonySis
tool



Result :Worked better than PCA +

egen connectivity



Crocker plots : combining
scale atime

Considerth Bett , number Br(Est)

as
a function of both time a

& in filtration biftrhin
↳ build contour diagram
"Contour Realization of Computed

#dim hole Evolution in Rips complex"

Topaz, Zegelmeier , Halverson
zaS-
3



Breaking
this

down...



ICrocker stacks Man , Adams, Topaz ,-- -Ziegelmeier
2020

carameter
Sismoothing I

↳ can vectorize for ML models


