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2. Persistent homology

Shows how the counts evolve with a F&rame&er
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M&kodwlmgv 1:

Quo\n&&ﬁj the topology of the
(the dense part of) Boltzmann
distribution on

contiguration space.

Choose a scale and
«t‘ompu&@. homology H..(X)

Which scale?
Use them all!
Persistenk kamotagv
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Use homology as an observable.
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Then do statistical analysis on the homology
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Confiquration ¢

Greomebric object X(¢)

XY-model exampi.e

1. Fill in an edge if the
spins arg close. ‘
== Lhreshold "
2. Fill in a plaquette i
all the edges are present.

N N



A continuous map of geomelric objects
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A continuous map of geomelric objects

X—>Y
induces a Linear map H.X) - H.(Y)

A sequence of geomelric objects
X, i
induces a sequence of vector spaces and Linear maps

H.(X,) —» H«(X,) = -





















200

400

600

800

0 200 400 600 800




200

400

600

800

200

400

600

800




200

400

600

800

200

400

600

800




200

400

600

800

200

400

y

I
600

I
800




200

400

600

800

200

400

4

I
600

I
800




200

400

600

800

200

400

I
600

I
800







One can choose bases
ﬂompaﬁbm with the linear maps



One can choose bases
aampaﬁbm with the linear maps



One can choose bases
aampaﬁbm with the linear maps



One can choose bases
ﬁmmpa&bm with the linear maps



One can choose bases

campa&ibm with the Linear maps Deakh kime



H.(X,) - H«(X,;) - H«(X;) > H(X,) — -+

Birth time

One can choose bases

compatible with the linear maps Deabth time



One can choose bases
c:ompa&bte with the linear maps




H.(X,) —» H.(X,) - H(X3) - H«(X,) — -
One can choose bases
c:ompa&bte with the linear maps

Persistence
diagram
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o Vectorise Feersi;s%ewce diagrams

o Feed bhem ko skatiskical analjsis / ML



o Vectorise Feersi;s%ewce diagrams
o Feed bthem ko skakiskical analjsis / ML

o There is qood software for these computations:
GUDHI, Ripser, Giotto-TDA, alnd more
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o Nick Sale used these tools to study vortices in SU(R)
gqaunge %kéarvﬂ

o Later Eo-ciav:
Xavier Crean on monopoles in U(1) gauge theory,

Blagio Lucini on monopoles in SU(3) gauge theory

Thanle you



