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There are 365 days between Sunday 2 

February 1997 and 2 February 1998.

365 days = 52 weeks + 1 day

This means that 2 February 1998 will be a 

Monday!

Oper at ion  3 Bir t hday cakes
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Classifyin g hum an  pyr am idal n eur on s



What  is m y job?
I am a computational topologist
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What  is Topology?
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What  is Topology?

Strangely Curved Shapes Break 50-Year-Old 
Geometry Conjecture | Quanta Magazine

https://www.quantamagazine.org/strangely-curved-shapes-break-50-year-old-geometry-conjecture-20240514/?fbclid=IwZXh0bgNhZW0CMTEAAR1rwHFdsInWtkH7yAU3znMakFVaZvwNFKfXZFagfrtls1Nb6vC8F7GP23Q_aem_AaCsHqJfpWUH9sA-EO8GPUGba-TLzNK1NK78G_cDhZkYVt2DOCXVIVG8TvMCs2i-xTuBCjOQlh_AemzIxI71Lm-c
https://www.quantamagazine.org/strangely-curved-shapes-break-50-year-old-geometry-conjecture-20240514/?fbclid=IwZXh0bgNhZW0CMTEAAR1rwHFdsInWtkH7yAU3znMakFVaZvwNFKfXZFagfrtls1Nb6vC8F7GP23Q_aem_AaCsHqJfpWUH9sA-EO8GPUGba-TLzNK1NK78G_cDhZkYVt2DOCXVIVG8TvMCs2i-xTuBCjOQlh_AemzIxI71Lm-c
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En codin g com plexit y

A 𝒌𝒌-chain is a formal sum of ordered simplices of the same dimension, 
𝑐𝑐 = ∑𝑎𝑎𝑖𝑖𝜎𝜎𝑖𝑖 with 𝑎𝑎𝑖𝑖 ∈ 𝐴𝐴 an abelian group. 
The set of 𝑘𝑘-chains of Σ, Ck , is called the 𝑘𝑘-chain group of Σ.

𝑎𝑎𝑖𝑖 ∈ 𝐴𝐴 



University of
Vermont
2022 Powerpoint Template

Fin din g t he Shape of Dat a

Density 
based 
clustering

Embedding Dynamical systems
reconstruction

Higher-order 
interaction

Signal
Analysis

Persistent 
Homology

UMAP

Metrics

Hypergraphs and 
Simplicial Complexes

Sheaves



University of
Vermont
2022 Powerpoint Template

Br ain  Dat a
Br ain  cell gen e- expr ession  n etwor k r ecover s dopam in e pathway
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Cohom ological Lear n in g of Per iodic Mot ion

Vejdemo-Johansson, M., Pokorny, F.T., Skraba, P. and Kragic, D., 2015. Cohomological learning of 
periodic motion. Applicable algebra in engineering, communication and computing, 26(1), pp.5-26.

Berwald, J.J., Gidea, M. and Vejdemo-Johansson, M., 2014. Automatic Recognition and Tagging of 
Topologically Different Regimes in Dynamical Systems. Discontinuity, Nonlinearity, and Complexity, 3(4), 
pp.413-426.
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Decodin g Par allel Pr ocessin g in  t he Br ain  usin g 
Con n ect om e Eigen fun ct ion s

Work in Progress with T. Timofeyev

In mathematics, Hodge theory is a method for studying the cohomology groups of a smooth manifold M 
using partial differential equations. 
Every cohomology class has a canonical representative (called harmonic), a differential form that vanishes 
under the Laplacian operator.
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Atasoy S. et al. 2016. Human brain networks function in connectome-specific harmonic waves.
Nat. comm. 7(1), p.10340.

Create a model that incorporates the 
harmonics of the connectome graph 
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R21 - Integrative Predictive Modeling of Alzheimer's 
Disease
NIH Exploratory/Developmental Research Grant 

Elizabeth Bruch University of Michigan
Paul Expert Imperial College London 
Jean-Gabriel Young University of Vermont
Antoine Allard Universitee Laval
Giovanni Petri ISI Foundation
Francesco Vaccarino Politecnico di Torino

Liana Apostolova Indiana University – School of Medicine
Jingwen Yan IUPUI - School of Informatics and Computing
Olaf Sporns Indiana University – Psychology and Brain Science
Apoorva Bharthur SanjayIndiana University – School of Medicine 
Thomas Varley Indiana
Vanessa Denny Indiana University

Carina Curto Pennsylvania State University
Felicia Burtscher University of Luxemburg
Stefania Ebli EPFL Lausanne
Daniela Egas EPFL Lausanne
Katie Morrison University of Northern Colorado
Nicole Sanderson Lawrence Berkeley National Laboratory
Tobias Timofeyev University of Vermont *PhD Student

Collaborators

Website alpatania.github.io
e-mail apatania@uvm.edu

Nicholas Landry University of Vermont 
Leo Torres  MPI Leipzig
Maxime Lucas CENTAI
Iacopo Iacopini CEU – JSMF Fellow
Giovanni Petri CENTAI
Alice Schwarze Dartmouthpy
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