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Collective behavior in complex systems

COLLMOT (youtube)Caters Clips (youtube)Calcium imaging (BJK)
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Collective behavior in network science?

COLLMOT (youtube)Caters Clips (youtube)Calcium imaging (BJK)
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Question

Collective behavior and collective motion is 
ubiquitous in the study of complex systems.

Is it a network science problem?

How would we know?
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Question
Networks! But still more to do with the analysis… Notworks! ?!??
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Further motivation

- Is there a physical (i.e. Hamiltonian) formalism that 
can capture canonical models of collective behavior?

- (similar to Topaz et al. (2015), but with TDA)
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Approach

Study networks induced from simulated collective behavior

- Different parameterizations of the generative model
- Different ways of comparing networks over time
- Different ways of generating the adjacency matrix
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The ”Couzin model”
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The ”Couzin model”
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The ”Couzin model”
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The ”Couzin model”
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Four regimes of collective behavior
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Swarm-like
behavior



Milling / torus
behavior
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Highly parallel
group



16

Dynamic parallel
group
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What is the
network here?
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What is the
network here?

Aa = 

Ao = A

Ar = 
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Extract graphs at every timestep
to create a temporal network

For example
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Results: Temporal Network Backbone
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Results: Change in “Spectral Leadership”
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Results: Decomposition and Coreness
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Comparing real networks 
of collective behavior (coming soon)



pip install netrd



netrd
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netrd: graph distance

How close (similar) are these two graphs?
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netrd: graph distance

How close (similar) are these two mugs?
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netrd: graph distance

How do their volumes differ?

How close (similar) are these two mugs?

How do their positions differ?

How do their functions differ?

How do their temperatures differ?



How do their volumes differ?
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How close (similar) are these two mugs?

netrd: graph distance

How do their positions differ?

How do their functions differ?

How do their temperatures differ?
liters

meters

…ask someone at a café?

degrees



netrd: graph distance
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How close (similar) are these two graphs?



netrd: graph distance
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Graph distances between G(t) and G(t+1)

Network, changing
over time

Different graph distances 
between networks at

t and t+1



Graph distances between G(t) and G(t+1)
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Tons more cool stuff to do

- If we can extract these networks, we could apply tools from
information theory to unravel the role of communication
patterns in maintaining the collective behavior (message
passing, information storage/transfer, emergence, etc…).

- If not… maybe there isn’t a “network science” for these
systems (which would be useful to know!)
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