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…with a paradigm shift



Transport networks are pervasive at all scales

Perninge 
KTH 2011

Transport for 
London

Natural systems

European Space Agency

Artificial systems

Ronellenfitsch, Katifori  
Phys. Rev. Lett. 2016

→Source

→Sink



Transport networks are pervasive at all scales

Evidence: Adaptation leads to the emergence of transport networks

Broader goal: Leverage adaptation principles to devise principled optimization methods 
and algorithms for network design tasks
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Questions? 
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: edge capacityμe
Fe : edge flux

dμe

dt
= |Fe |−μe

Conservation of mass

Fe

= μe(pu − pv)/Fe{ (μ, p)
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• The dynamics can compute shortest paths: Lyapunov functional [Bonifaci et al. J. Theor. 
Bio. 2012] 

• The minimum of the Lyapunov functional is the Wasserstein distance between entry and 
exit mass [Facca et al. SIAM J. Appl. Math 2018, Facca et al. J. Sci. Com. 2020] 

• Computational advancements: dynamical systems’ solvers [Facca, Benzi. J. Sci. Com. 
2021], connection with mirror gradient descent [Bonifaci Comput. Optim. Appl. 2021]



Takeaway

Dynamical systems can be an efficient tool to solve optimization problems

dμe

dt
= |Fe |−μeFe ̂μ = argminμ𝖳𝗋𝖺𝗏𝖾𝗅 𝖢𝗈𝗌𝗍(μ; )w
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A network manager tunes the edge weights to mitigate traffic
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A network manager tunes the edge weights to mitigate traffic

min 𝖢𝗈𝗇𝗀𝖾𝗌𝗍𝗂𝗈𝗇 𝖢𝗈𝗌𝗍θ( ; ̂μ) : ̂μ = argminμ𝖳𝗋𝖺𝗏𝖾𝗅 𝖢𝗈𝗌𝗍(μ; )

We pose a bilevel optimization problem
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Closed-form equations {
Conservation of mass

dμr
e

dt
= |Fr

e |−μr
e

← 𝖯𝖦𝖲𝖣[Ωθ( ; μ)]
= μe(pu − pv)/Fr

e( , p)μ
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Takeaway

Dynamical systems and toll tuning can inform us on the nature of traffic congestion

Dynamical systems can be an efficient tool to solve optimization problems
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Thank you!
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