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Transport networks are pervasive at all scales

Natural systems Artificial systems
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Transport networks are pervasive at all scales
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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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M, : edge capacity

Fe . edge flux

e = (u,v)

Optimality

du,
dt

Fo(u,p)=pp, —p)w,

Conservation of mass
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e The dynamics can compute shortest paths: Lyapunov functional
e The minimum of the Lyapunov functional is the Wasserstein distance between entry and
exit mass

e Computational advancements: dynamical systems’ solvers
, connection with mirror gradient descent



Takeaway

Dynamical systems can be an efficient tool to solve optimization problems

du,
dt

= |F,|—pu, «—  j = argmin, Travel Cost(y; w)
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e Passengers travel greedily from
one Origin to multiple
Destinations (Inflows and
Outflows)




e Passengers travel greedily from
one Origin to multiple
Destinations (Inflows and
Outflows)

e Passengers trigger traffic
congestion

PREARY



A network manager tunes the edge weights to mitigate traffic




A network manager tunes the edge weights to mitigate traffic
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We pose a bilevel optimization problem

min Congestion Cost (w; /i) : /i = argmin  Travel Cost(x; w )
W
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Closed-form equations w « PGSD[Q,(w; 1)]

Fer(//tap): /’te(pu _pv)/we

Conservation of mass
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Takeaway

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

Let’'s connect, even — especially — if our expertise doesn’t overlap!
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