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Pivot

Understanding your assumptions and learning from the differences
3 things

3 pieces of fruit \
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Finding out what things have in common
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Operation 3 Birthday cakes
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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!
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Relations
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1
Times and Distances are measured to Downtown
(except for attapan Trolley)
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Relations+Patterns

Classifying human pyramidal neurons
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What 1s my job?

| am a computational topologist
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What 1s Topology?

w University Strangely Curved Shapes Break 50-Year-Old
of Vermont 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
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Encoding complexity

A k-chain is a formal sum of ordered simplices of the same dimension,
c = ).a;0; with a; € A an abelian group.
The set of k-chains of Z, Cy , is called the k-chain group of Z.
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Finding the Shape of Data Signal
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Brain Data

Brain cell gene-expression network recovers dopamine pathway

Values of genes - for all regions
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Cohomological Learning of Periodic Motion

]
:

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.

Be lohivkdityGidea, M. and Vejdemo-Johansson, M., 2014. Automatic Recognition and Tagging of
To oﬁi‘@ﬂ?ﬂ?bifferen’r Regimes in Dynamical Systems. Discontinuity, Nonlinearity, and Complexity, 3(4),
NN 413-474



Decoding Parallel Processing in the Brain using
Connectome Eigenfunctions

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.

b
Workflow .
MRI  Cortical surface Cortical fibers DTI Create a model that incorporates the

g harmonics of the connectome graph

Connectome Neural field
harmomcs l patterns

@ @@

Universit
w of Vermont Atasoy S. et al. 2016. Human brain networks function in connectome-specific harmonic
Nat. comm. 7(1), p.10340.
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