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Introduction
- Decomposing systems into building blocks provides a great way to study 

them

- Symmetry considerations provide a way to find building blocks in real 

large-scale networks

- The way building blocks function and interact can shed some light on how 
the complex behavior in networks emerges

- Here we talk about applications to transcriptional regulatory networks 
and use examples from bacteria, but this can be applied to any directed 
network



Methods. Input-trees, fibers, branching ratios, 
synchronization



Building blocks. Integer branching ratios



Building blocks. Fibonacci branching ratios



Analogy to electronic circuits (clock)
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Analogy to electronic circuits (memory)
State map



Conclusions
- Fibration symmetry is a type of symmetry that can provide the way to 

analyze biological (or any other directed) network
- Symmetries of the network help uncover new functional building blocks 

related to synchronization
- This provides a theoretically principled and algorithmically supported 

strategy to search for computational building blocks in biological 
networks

Further reading:
Morone, Leifer, Makse, PNAS (2020)

Leifer, et al. Plos. Comp. bio (2020)

Algorithm availability:
https://github.com/ianleifer/fibrationSymmetries

https://github.com/makselab
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