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Dynamics at junctionsDynamics at junctions

Rule (A) :      Out. Fluxes Vector =  A · Inc. Fluxes Vector

Traffic distribution matrix  A = (α ) , 0<α <1,  Σ α =1jiji jij

Rule (B) :       Max    ║Inc. Fluxes Vector║

Rule (B) is an “entropy” type rule : maximize velocity



Integration of models and scalesIntegration of models and scales

Processor jProcessor j

QueueQueue

Queue buffer occupancy change is given by 
the difference between incoming and outgoing flux

Queue buffer occupancy change is given by Queue buffer occupancy change is given by 
the difference between incoming and outgoing fluxthe difference between incoming and outgoing flux

Mixed ODEMixed ODE--PDE modelPDE model
GoettlichGoettlich--HertyHerty--Klar supply chain modelKlar supply chain modelCar trajectories and moving bottlenecksCar trajectories and moving bottlenecks



Optimization of vehicular trafficOptimization of vehicular traffic



Optimal control for supply chainsOptimal control for supply chains

Existence of solutionsExistence of solutions

Take minimizing sequence: compactness by Helly and Ascoli ArzelaTake minimizing sequence: compactness by Helly and Ascoli Arzela’’ Theorem.Theorem.



Tangent vectors for numerical optimizationTangent vectors for numerical optimization



Lemma.Lemma. If we start from empty network, then each road presents at mostIf we start from empty network, then each road presents at most
one regime change for every timeone regime change for every time

Full integration for applicationsFull integration for applications

2. 2. Make use of theoretical results to bound the number of Make use of theoretical results to bound the number of 
regime changesregime changes

3. 3. Track exactly the regime change (generalized characteristic) Track exactly the regime change (generalized characteristic) 
and use upwind for each zoneand use upwind for each zone

1. 1. Use simplified flux function with two characteristic speedsUse simplified flux function with two characteristic speeds

Network with 5000 roads parametrized by [0,1],Network with 5000 roads parametrized by [0,1],
h space mesh size, T real timeh space mesh size, T real time

G = Godunov, FG = Fast Godunov, G = Godunov, FG = Fast Godunov, 
K3V = 3K3V = 3--velocities Kinetic, FSF = Fast Shock Fittingvelocities Kinetic, FSF = Fast Shock Fitting

Congested phase
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Free phase

CyberCyber--infrastructures for infoinfrastructures for info--mobilitymobility

traffic.berkeley.edutraffic.berkeley.edu

www.octotelematics.comwww.octotelematics.com



Alex BayenAlex Bayen

Amelio MauriziAmelio Maurizi

VEHICULAR TRAFFIC

Dirk HelbingDirk Helbing

Simone GoettSimone Goett

Giuseppe CocliteGiuseppe Coclite

Ciro DCiro D’’ApiceApice

Corrado LattanzioCorrado Lattanzio

MichaelMichael

Axel KlarAxel Klar

Rosanna ManzoRosanna Manzo

Gabriella BrettiGabriella Bretti

Seb BlandinSeb Blandin

Dan WorkDan Work

Rinaldo ColomboRinaldo Colombo

Roberto NataliniRoberto Natalini

Alessia MarigoAlessia MarigoPaola GoatinPaola GoatinMauro GaravelloMauro Garavello

Francesco RossiFrancesco Rossi

Emiliano CristianiEmiliano Cristiani

Andrea TosinAndrea Tosin

Paolo FrascaPaolo Frasca

SUPPLY CHAINSCROWD DYNAMICS

ANIMAL GROUPS

Yacine ChitourYacine Chitour



Thank you for your attention!
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NETWORK of SALERNO

Real data

Radars

Manual counting

Videocameras
Plates reading

Satellite data

Problems :
1. Dimensionality: big networks
2. Data: measurements and elaboration

1500 arcs network



Lighthill-Whitham-Richards model
The flux is given by the density times the average velocity

If we assume that the average velocity depends only on density

velocity flux
Time t=0 Finite time

Non unique (weak) solutions Entropy (gas dynamics) 

(disorder is increasing, stable shocks)



Networks and Re di Roma square

MOVIE

ZOOM

More incoming than exiting road  Priority parameters

Bifurcations, merging, complicate junctions, traffic circles

Theory : existence of solutions on networks for BV initial data.

Numerics : fast schemes for large networksRoad flux total variation in tx ~ Junctions flux total variation in 



Model for data networks

a
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d
First attempt

Second attempt
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