
Tournaplexes and their Applications to Neuroscience

Jason P. Smith
(joint work with Ran Levi and Dejan Govc)

University of Aberdeen

30th April 2020

Jason P. Smith (University of Aberdeen) Tournaplexes and their Applications to Neuroscience 1 / 13



Jason P. Smith (University of Aberdeen) Tournaplexes and their Applications to Neuroscience 2 / 13



Jason P. Smith (University of Aberdeen) Tournaplexes and their Applications to Neuroscience 3 / 13



∼ 30 000 Neurons

∼ 8 000 000 Connections

6 Layers

54 Neuronal Types

Functional Model

A Directed Graph
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Goals

Study the structure of the brain graph

and

Stimulate the circuit and use the resulting activity to determine which
stimulus was applied
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Directed Flag Complex

Directed Graph −→ Ordered Simplicial Complex

Transitive Cliques −→ Simplices
(i.e those containing no directed cycles)
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Structure
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Function
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Tournaplex
Directed Graph −→ Geometric Realisation of Simplicial Set

Cliques −→ Simplices

8 8 0

8

2

Directionality of clique σ:

drlocal(σ) =
∑
v∈σ

(indegreeσ(v)− outdegreeσ(v))
2

drglobal(σ) =
∑
v∈σ

(indegreeG (v)− outdegreeG (v))
2
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Persistent Homology

t = 0

→

t = 1

→

t = 2

→

t = 3

t

dim 0

dim 1

0 1 2 3 ∞

0
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Directionality Filtrations

W (σ) =
∑
v∈σ

(indegreeσ(v)− outdegreeσ(v))
2 + 2

(
n

3

)
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drlocal(σ)
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Distinguishing Graphs Using Tournaplex

Data: 200 Erdős-Rényi graphs with edge i → j present with probability

{
0.25, if i < j

q, if i > j

Tournaplex
0.000
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0.050
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q

Directed Flag Complex
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q
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Distinguishing Stimuli

Data: 45 spike trains on Blue Brain model, 5 repetitions of 9 different stimuli

a a a a ab b b b bc c c c c
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Directed Flag Complex
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Thanks for Listening!

Many Thanks to the Blue Brain Project

Complexes of Tournaments, Directionality Filtrations and Persistent Homology

arXiv:2003.00324
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