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Motifs in networks
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Motifs in networks

 What is a structural motif?

* A small, connected subgraph that is
important for a network’s function

* What can you do with structural
motifs?
e Count them

e Simulate dynamics on
isolated structural motifs

How can we identify
motifs that are
important for
emergent properties
of networks?
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Covariance & correlation for the OUP

Ornstein-Uhlenbeck process

Simple stochastic differential equation
Popular in neuroscience, econometrics, etc.

Linear-response approximation of IF model

Covariance and correlation

Simple measure of interaction for pairs of
variables

Popular measure of connectivity
For OU process, entropy, mutual

information, etc. are functions of
covariance and/or correlation




The Ornstein-Uhlenbeck process

dXt—i—dt — H(EA — I)Xt dt + G th



The Ornstein-Uhlenbeck process

0.20 4

dXt.|.dt — H(EA — I)Xt dt + G th 0.15 1

0.10 1

>
0.05 A

0.00 1 ﬂL{
—0.05 1




The Ornstein-Uhlenbeck process

0.20 4

dXt_|_dt :-Q(_E’A. — I)Xt dt + G th 0.15 -

0.10 1

>
0.05 A

0.00 1 ﬂL{
—0.05 1




The Ornstein-Uhlenbeck process

dXt—I—dt :_Q(_E’A — I)Xt dt + G th

Covariance matrix X
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Matrix powers and walks in networks
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Process motifs (recap)

Process motifs for (A) covariance, (B) variance, and (C) correlation.



Contributions of process motifs
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Contributions to covariance
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Contributions to correlation
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Emergence in 2-edge motifs

Covariance Correlation
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Conclusions

* A modeller’s perspective on the role of motifs in networks

* Mechanistic connections between structural motifs and their
contribution to emergent properties of processes on networks

 Tool to explore the importance of recurrence for dynamics on
networks for neuroscience, ML, epidemiology, opinion dynamics,
etc.
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