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Adaptation leads to the emergence of 
macroscopic properties
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Modeling assumption

Je = weFe

[we] = $
[θ] = # number of people

Ωe = F2
e H(Fe − θ)

θ θ

Ωe = 0

Trade off traffic 
congestion against 

transport cost

Network managers tunes edge weights to mitigate traffic
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1) Can we find adaptation rules to solve the bilevel optimization problem?  

2) Does adaptation shed light on transport network properties?

Framing as a bilevel optimization problem



Results

min
w

Ω(w; ̂μ)

̂μ = argminμJ(μ; w)

dμe

dt
=

f( |Fe | )
we

− μe

we ← projw>0{we − η∇eΩ}

Contribution 1: Closed-form adaptation rules



Results

min
w

Ω(w; ̂μ)

̂μ = argminμJ(μ; w)

dμe

dt
=

f( |Fe | )
we

− μe

we ← projw>0{we − η∇eΩ}

Contribution 1: Closed-form adaptation rules

BR   T



Results

0 1

0.0075

0.0100

0.0125

J

(a)

D=4

(b)0 1

D=8

0 1

D=16

BROT

0.0

0.5

1.0
OT
PGD
BROT

PGD

(c)

BROT OT

1-

0 1

0.0075

0.0100

0.0125

J

(a)

D=4

(b)0 1

D=8

0 1

D=16

BROT

0.0

0.5

1.0
OT
PGD
BROT

PGD

(c)

BROT OT

1-

0 1

0.0075

0.0100

0.0125

J

(a)

D=4

(b)0 1

D=8

0 1

D=16

BROT

0.0

0.5

1.0
OT
PGD
BROT

PGD

(c)

BROT OT

1-
Topology BROT Shortest path Uninformed


network manager

→Source

Sink→

Ω
J Moderate

Low

Low Low

High Higher

Adapted from 
Lonardi and De Bacco 

(2023)

Contribution 2: BROT successfully trade offs transport cost and traffic mitigation
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Results

Contribution 3: BROT reduces travel times on International European Highways
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Take aways

Contribution 1: Closed-form 
adaptation rules 

Contribution 2: BROT 
successfully trade offs transport 
cost and traffic mitigation


Contribution 3: BROT reduces 
travel times on International 
European Highways

Questions Answers

1) Can we find adaptation 
rules to solve the bilevel 
optimization problem?  

2) Does adaptation shed 
light on transport network 
properties?
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