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Topological data analysis, which allows systematic
investigations of the “shape” of data, has yielded fascinating
insights into many physical systems.

Thickening the dots
of a point cloud and
observing the
changes in
topological structure
gives info about the
topology of the data.
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An example of TDA application

Healthy subject Diabetic retinopathy patient

https://www5.cs.fau.de/research/data/fundus-images/
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- TDA identifies topological features (connected components
and holes) in high resolution retinal images.

 TDA describes the extent to which the components and
holes persist in persistence diagrams and barcodes.

« TDA features can be used to discriminate between patients
with diabetic retinopathy and healthy subjects.
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Methodology
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Results

Table 1. Variables included in LASSO-informed SVM.

Conclusions

ML using TDA features extracted from
retinal fundus images may allow to

SVM1 |SVM2
Number of Components X X dEteCt d IabEtIC I‘EU nOpathy
Components 90% Convex Peel C, X X ° Our resu ItS are at WO rst com parable
T —— - and often better than those reported in
Components 3rd Landscape F X the ||teratu re.
Components Accumlative Persistence A | x X ° D raWb aCk N eeds h |g h - reSO| ut| on
Holes 99% Convex Peel C,, X X |mageS -
Holes 1st Landscape P X X
Holes 2nd Landscape C, X
Holes 3rd Landscape C, X
Test Set Size SVM 1 SVM 2
Sensitivity Specificity Sensitivity Specificity
1 1.000 1.000 1.000 1.000
2 1.000 0.996 1.000 1.000
3 0.998 0.987 0.998 0.998
4 0.995 0.983 0.995 0.995
5 0.993 0.980 0.991 0.993
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Can we use TDA to
characterize the transition to
sync of coupled oscillators?
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Surprisingly, we found few studies of sync and TDA

RESEARCH ARTICLE | APRIL 28 2017

Persistent homology of time-dependent functional networks
constructed from coupled time series

Bernadette J. Stolz; Heather A. Harrington; Mason A. Porter

’ "] Check for updates ‘

Chaos 27, 047410 (2017) Rank all edge weights (W, --- W,,) @t each step of the
https://doi.org/10.1063/1.4978997 . ; . .
filtration threshold the graph to obtain a binary graph.
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Step O: every node is a component
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Connected

Chaos, Solitons and Fractals 192 (2025) 116054

Contents lists available at ScienceDirect
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Data analyzed: recorded from a random network of
28 mutually coupled Rossler-like electronic circuits
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« 28 time series recorded for each coupling strength, K
« Each time series has 30000 data points
« K=0...1,100 values
R. Sevilla-Escoboza and J. M. Buldu, Data in Brief 7, 1185 (2016).
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Normalized persistent entropy: a measure of the
iInformation content of a barcode

Time series of
two oscillators
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(We used Vietoris—Rips complexes, the ripser library & the persistent_entropy module in Python)
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The persistence entropy of the cloud of points of two
oscillators tends to decrease with the oscillators’ distance

connected components holes
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Comparison with a well-known sync measure: the
phase locking value

PLV; = {| exp (j¢1fk(t))|>t

Instantaneous phase difference of

oscillators i and k at time t, calculated
with the Hilbert transform.
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Is this effect specific to mutually
coupled Rossler-like oscillators?
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Kuramoto phase oscillators
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w: Gaussian, zero mean and oc=1
A;: same random matrix as the circuits
Point cloud is defined by
Xi(t)=cos(0;(t)) and y;(t)= cos(6;(t))

NPE

0.90

0.60 A

0.30 A

0.00

connected components

a H
) Sl B
— spl=3
o
0.0 1.0 2.0 3.0 4.0

coupling ()

1.00 4.00 4

0.75 3.00 A
x

F 0.50 P~'2.00-
o

L 0_25 100 N

0.00 0.00 A

=N

R=1
N
holes
b) 1 '/
R 1 | /\ 2
|
0.0 1.0 2.0 3.0 4.0

coupling ()

M cristina.masoller@upc.edu Y @cristinamasoll1

Z o105 (1)

15




Take home message and ongoing work

= Holes (H1) significantly capture the level of coupling
between pairs of oscillators, while connected components
(HO) may eventually reveal complementary information that
needs to be explored.

= Can we distinguish triangles from triplets?
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