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About myself

• B.Sc., M.Sc., Doctoral candidate in Mathematics at TUM
• Interested in the mathematical properties of geometric

complexes and their use in topological data analysis
• Internship at Horváth (management consulting) in the

Steering Lab
• 3 months research stay at the Ohio State University, USA
• Like travelling, hiking, skiing, cycling, sailing

fabian.roll@tum.de
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What is Applied Topology?

B. Giunti, J. Lazovskis, B. Rieck donut.topology.rocks

Applied Algebraic Topology Research Network YouTube Channel

F. Hensel, M. Moor, B. Rieck, A Survey of Topological Machine Learning Methods. Frontiers in Artificial
Intelligence, doi: 10.3389/frai.2021.681108, 2021
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https://donut.topology.rocks/
https://www.youtube.com/@aatrn1
https://dx.doi.org/10.3389/frai.2021.681108


What is Applied Topology?

pytorch-topological: A topological machine
learning framework for pytorch

roll.science/share/mdsi23.pdf 4/17

https://github.com/aidos-lab/pytorch-topological/


Collaboration

How can I help you?
• Connect you with other people in our field.
• Help you understand the mathematical concepts of algebraic topology and their use in

topological data analysis.
• Help you use (or adapt) software/techniques: Ripser, CGAL, GUDHI, UMAP, ...

How can we collaborate?
• If you have data and a reason to try out topological methods, I can help.
• If you have a student doing this, I could cosupervise.
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What structures can our methods detect?

Source: Columbia University Image Library (COIL-100)
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Connecting the dots

Definition. Let X be a metric space. The Vietoris-Rips complex at scale r is the simplicial
complex

Ripsr(X) = {S ⊆ X finite | S ̸= ∅, diam S ≤ r}.
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Persistent homology

Persistence diagrams discretely encode the multiscale connectivity of point clouds.
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Persistent homology
Application to COVID-19 genetic evolution data

M. Bleher, L. Hahn, M. Neumann, J. A. Patino-Galindo, M. Carriere, U. Bauer, R. Rabadan, A. Ott
Topological data analysis identifies emerging adaptive mutations in SARS-CoV-2. Preprint, arXiv doi:
10.48550/arXiv.2106.07292, 2023
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https://doi.org/10.48550/arXiv.2106.07292 


Persistent homology
COVID-19 genetic evolution data

covid data (≈ 15000 points) Ripser’s runtime
ordered chronologically 1 day

ordered reversed chronologically 2 min
M. C. Escher, Circle Limit III

U. Bauer Ripser: efficient computation of Vietoris–Rips persistence barcodes. Journal of Applied and
Computational Topology, doi: 10.1007/s41468-021-00071-5, 2021
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https://doi.org/10.1007/s41468-021-00071-5
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Persistent homology
live.ripser.org
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https://live.ripser.org/


NADO
Nerve-based topological analysis of 3D digital ovules

Joint work with the Schneitz Lab (Plant Developmental Biology at TUM)

Cardamine hirsuta ovule Arabidopsis thaliana ovule
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https://www.mls.ls.tum.de/plantdev/research/schneitz-lab/


NADO
Nerve-based topological analysis of 3D digital ovules

T.A. Mody, A. Rolle, N. Stucki, F. Roll, U. Bauer, K. Schneitz, Diverse 3D cellular patterns underlie the
development of Cardamine hirsuta and Arabidopsis thaliana ovules Preprint, bioRxiv doi:
10.1101/2023.12.06.570408, 2023

roll.science/share/mdsi23.pdf 15/17

https://doi.org/10.1101/2023.12.06.570408


SegMatch3D
Fast and Accurate 3D Image Segmentation by Matching Topological Features

My colleague Nico Stucki uses, as part of an MDSI project, topological information to train
machine learning models:

ltrain(L, G) = α lBM(L, G)︸ ︷︷ ︸
topological

+ ldice(L, G)︸ ︷︷ ︸
classical
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https://www.mdsi.tum.de/mdsi/forschung/foerderformate/anschubfinanzierung/segmatch3d/
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