
Bilevel Optimization for Traffic Mitigation in 
Optimal Transport Networks* 

Alessandro Lonardi

 

Physics for Inference and Optimization Group 
Max Planck Institute for Intelligent Systems


MOP Seminars

18 April 2024

1

*

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.267401


Goal: network design with a paradigm shift
Transport networks are pervasive at all scales
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Goal: network design with a paradigm shift
Transport networks are pervasive at all scales


Perninge 
KTH 2011

Transport for 
London

Evidence: Adaptation leads to the emergence of 
transport networks

Goal: Leverage adaptation principles to devise principled optimization 
methods and scalable algorithms for network design tasks
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Background: adaptive networks
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Background: optimal Transport
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Background: unicommodity routing
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dμe

dt
= f( |Fe | )−μe

Background: unicommodity routing
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Background: summary & minimal references

Tero et al. 
Science 2010

Bonifaci et al. 
J. Theor. Bio. 2012

Facca et al. 
J. Sci. Comp. 2020
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Problem & motivation: traffic congestion

nlc.org

Goal: design network infrastructures that enable efficient transport (shortest 
path) while mitigating traffic congestion (robustness)



Problem & motivation: traffic congestion
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Bilevel optimization for traffic mitigation: theory

θ θ

• A network manager tunes the edge weights to mitigate traffic

Modeling assumptions:
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Bilevel optimization for traffic mitigation: theory

θ θ

• A network manager tunes the edge weights to mitigate traffic

Modeling assumptions:

min
w

𝖢𝗈𝗇𝗀𝖾𝗌𝗍𝗂𝗈𝗇𝖢𝗈𝗌𝗍θ(w; ̂μ) : ̂μ = argminμ𝖳𝗋𝖺𝗏𝖾𝗅𝖢𝗈𝗌𝗍(μ; w)
• We pose a bilevel optimization problem:
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Bilevel optimization for traffic mitigation: results

• Closed-form adaptation equations (Lonardi and De Bacco Phys. Rev. Lett. 2023)

dμr
e

dt
= |Fr

e |−μr
e

w ← 𝖯𝖦𝖲𝖣(𝖢𝗈𝗇𝗀𝖾𝗌𝗍𝗂𝗈𝗇𝖢𝗈𝗌𝗍θ(w; μ)){
Results:
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Bilevel optimization for traffic mitigation: results
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• Systematic exploration of congestion regimes (Lonardi and De Bacco Phys. Rev. Lett. 2023)

Topology Bilevel optimization Shortest path Uninformed network

manager
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Bilevel optimization for traffic mitigation: urban transportation

• Bilevel optimization scheme returns shorter travel times on real-world networks

(Lonardi and De Bacco Phys. Rev. Lett. 2023)
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Lonardi and De Bacco Phys. Rev. Lett. 2023

Bilevel optimizationShortest path Uninformed network manager

International 
European Highways
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✉ alessandro.lonardi@tuebingen.mpg.de

✉ alessandro.lonardi.vr@gmail.com


🌐 aleable.github.io

Thank You! 
Q&A
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