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What is the Blue Brain Project??
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Workflow: anatomy

H. Markram et al., Cell, 2015



Workflow: physiology

H. Markram et al., Cell, 2016

H. Markram et al., Cell, 2015



Why?
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microcircuit.
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Why?

Study the emergent structural and functional properties of the 
microcircuit.

Study neurological disorders and neuroprostheses in silico.

Reduce the need for animal testing in laboratory experiments.



Topological analysis of the 
microcircuit

Reimann et al. Frontiers in Computational Neuroscience, 2017.





Topology is…

• the mathematics of shape;

Wikipedia, no license
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Topology is…

• the mathematics of shape;
• the mathematics of connectivity;
• the mathematics of emergence of global structure from local 

constraints.

D. Benbennick, CC BY-SA 3.0





From networks to topology



From networks to topology

• Analyze the huge network of directed connections among neurons in  
terms of much smaller significant subnetworks.

Directed simplices of dimensions 0, 1, 2, and 3
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From networks to topology

• Analyze the huge network of directed connections among neurons in  
terms of much smaller significant subnetworks.

• The numbers of different types of significant subnetworks provide 
important local information about the whole network.

• Quantify how the significant subnetworks overlap in the larger 
network to obtain important global information.





The functional importance of simplices
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Topology faithfully reflects biology









Classification of neuron 
morphologies

Y. Deitcher et al, Cerebral Cortex, 2017.
L. Kanari et al, Neuroinformatics, 2018.

L. Kanari et al, Cerebral Cortex, 2019.
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Thank you!


