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Report

This thesis consists of 6 chapters and 2 appendixes. The results therein are also in the
articles [2, 3, 4], in the preprint [6] and in the proceedings [5]. The articles are published in
scientific journals of renowned international level and, to get there, already passed a careful
refereeing process.

Chapter 1

Here we find an introduction to the modeling of vehicular traffic by means of conservation
laws. Relevant literature is cited and some hints to other modeling frameworks are provided.
There is an effort to introduce and justify the fundamental key relations, such as the one
connecting density, low and speed.

Chapter 2

The reader is introduced to the models that most attracted the interest of the candidate,
essentially the LWR [8, 9] and ARZ (1, 10] models, the latter also with phase transitions [7].
General definitions (e.g., of weak entropy solution) are provided in the particular cases under
consideration.

Chapter 3

This very short chapter is of introductory nature and concerns the constrained LWR model.
Its role is to prepare the reader to the extension of unilateral constraints achieved in the later
chapters with reference to more complex models.



Chapter 4

Describes the results published in [4], namely the proof of the existence of solutions to the
ARZ model under point constraints. The technique exploited essentially relies on wave front
tracking, as in the rest of the thesis.

Chapter 5

This is the longest chapter. It is devoted to the study of phase transitions models, see [2,
3]. The so called “Introduction” actually considers the case PT?, while § 5.1 deals with
PTP. The presence of different phases, justified by different qualitative behaviors of vehicular
traffic, hinders the use of standard analytic techniques in dealing with basic issues such as
the existence and continuous dependence of solutions.

Chapter 6

The results presented here are those published in {5, 6]. They deal with the effects of point
constraints on the flow applied to a point moving along a network. Both the LWR and the
phase transition models are considered.

Appendices

They collect various technical details. Their ordering is not of great help to the reader.

Evaluation

The results presented in this thesis deserved publication on scientific journals of international
level. I personally agree with the positive evaluations by the referees: I believe that these
results are of interest for the community of researchers working on the macroscopic modeling
of vehicular traffic. More specifically, T believe that this thesis does indeed solve problems in
the theory of partial differential equations that are of interest in applications. Therefore, I
recommend that the candidate be awarded the title of Doctor Philosophice.

I hereby express my favorable opinion towards the thesis defense.

Hints for Further Discussions

This work naturally rises a variety of questions, most of which could also be considered as
hints for further works. I list some of them here.

1. A recurrent key difficulty in the analytic results obtained is hidden in exchanging the
limits. Constraints are inequalities to be satisfied by traces of the (exact) solution.
Exact solutions are constructed as limits of approximate solutions. Hence, almost every
existence proof ends showing that the trace of the limit is the limit of the traces. Does
this thesis point to a somewhat general approach that makes this ezchanging the limits
possible?



. The most traditional applications of conservation laws are strictly related to fluid dy-

namics, where entropy plays a key role, also from the analytic point of view. What role
does entropy have in the applicatious ol couservatiou laws Lo vehicular traflic?

. From the point of view of applications, the continuous dependence of solutions from the

data and their stability with respect to perturbations of the equations are relevant. To
which extent can we expect that results of these kinds hold in the modeling of vehicular
traffic under constraints?

As this thesis shows, the presence of a constraint, in general, increases the number of
waves. Consider traffic flowing along a network containing a loop: can the presence of
a constraint produce so many waves that the total variation of the solution blows up?

The title of the thesis suggests that conservation laws can be applied also to mod-
eling frameworks not necessarily related to vehicular traffic, Can also the techniques
developed in this thesis be brought to theseq other modeling situations?

A recurrent functional setting in this thesis is provided by the space BV of functions
of bounded variation. Does the restriction to this space have consequences on the
applicability of the various results to real situations? Do the total variations in space,
in time and in both play similar roles?
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