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Multi-class and multi-population traffic flow models on
networks

Paola Goatin
INRIA Sophia Antipolis - Méditeranée

We present a general framework for the modeling and simulation of multi-class
(i.e. different vehicle types) and multi-population (i.e. different routes) traffic flow
on road networks. The models consist of systems of conservation laws coupled in
the speed component of the flux function, allowing for overtaking and creeping of
different vehicle types. Suitable, class specific, coupling conditions at junctions
allow to design Godunov type numerical schemes exploiting the supply-demand
formulation. The simulation can then be coupled to routing strategies at road
junctions to represent the choices of the different populations of drivers. Some
numerical tests are presented to illustrate the model behaviours.

Traffic flow characterization in the era of Big Data: current
trends and challenges

Ibai Lana
Tecnalia, BRTA Derio, Spain

A business perspective on modern mobility challenges

Marco Pezzulla

Umovity, Roma

The landscape of mobility is undergoing transformative changes that significantly
impact businesses across diverse sectors. This presentation aims to identify possible
commonalities between academic research and challenges arising from the mobility
market. The session will begin with a brief introduction to the Umovity company
and its connection to the academic world. Delving into use cases and solutions for
both technical and theoretical problems, we will illustrate how a company navigates
the complexities of the industry.

Finally, the focus will shift to open problems, potential starting points for future
collaborations, and an exploration of why Machine Learning (ML) and Artificial
Intelligence (AI) are so appealing for the mobility market. We will highlight key
factors that contribute to the rapid growth of these fields in modern software over
the years.




Smoothing traffic via autonomous vehicles and control of
large networked systems

Benedetto Piccoli
Rutgers University

The problem of control of large multi-agent systems is attracting attention for
the many possible applications, such as crowd dynamics, socio-economic systems,
and vehicular traffic. After revising some challenges and opportunities, we will focus
on a recent experiment involving 100 autonomous vehicles to dampen stop-and-go
waves on an open highway.

Overview on conservation laws with point constraints

Massimiliano Rosini

University of Chieti - Pescara

In this presentation, we provide a comprehensive overview of significant advance-
ments in the study of conservation laws featuring variable unilateral point constraints
on the flow or velocity. Notably, this research has practical applications in diverse
fields such as vehicular traffic, pedestrian movements, and gas flows.

Commencing with a concise historical review, we trace the evolution of the the-
ory of point constraints applied to Lighthill-Whitham-Richards (LWR), Aw-Rascle-
Zhang (ARZ), and phase transition (PT) models. Our exploration encompasses
a detailed examination of the construction of local point constraints for the LWR
model, both at the macroscopic and microscopic levels. Throughout this analysis,
we highlight the limitations inherent in such models and elucidate the rationales
behind various generalizations found in the existing literature.

Lastly, we briefly demonstrate adaptations of this theory to both the ARZ and
PT models, offering an insightful glimpse into how these results can be applied
beyond the LWR model.

Topological interactions: a walk through friendship in
mathematics

Francesco Rossi
TUAV - Venezia

I will first show several non-mathematical instances of the concept of friend, or
acquaintance. I will then present a corresponding mathematical model, introducing
topological interactions.

I will show both ordinary and partial differential equations for topological in-
teractions and provide new results about the structure of solutions. Finally, I will
discuss an open problem about the mean-field limit of this model.




Regularity and control for conservation laws with
discontinuous flux

Luca Talamini

Universita di Padova
We consider the Cauchy problem for the scalar conservation law

where f is a discontinuous function

w ) = filu), x <0,
flw,z) {fT(u), x>0

Here f;, f, are strictly convex maps. Conservation laws with discontinuous flux have
numerous applications; two well known examples are traffic flow with heterogeneus
road conditions and two phase flow in porous media. The discontinuity of the flux
naturally leads to the study of infinitely many L' contractive semigroups S/A”, each
one associated to particular pair of values, a connection, (A, B) . The solution u
associated to (A, B) will be the unique one that dissipates the additional generalized
Kruzkov entropy

A Jlu—A], x <0,
7 lu—B|, x>0

In general solutions of do not have bounded total variation near the interface
x = 0. Motivated by the study of regularity near the interface and by controlla-
bility problems, we shall prove some adapted Oleinik estimates and illustrate some
extensions on networks of roads (”junction problems”).

The second part of the talk will be devoted to the problem of initial data iden-
tification. In particular, for w € L*, our goal will be to characterize the set

TP = {ug € L™ : SPHBuyy = w}

In particular, we shall prove that Z:#Bw is either empty, a singleton, or an infinite
dimensional (non convex) cone. Finally, we shall define an appropriate notion of
backward operator through which the vertex of the cone Z#5w can be characterized.
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