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Research options available for topic A 
 

Research topics a) and b) offered by every Doctoral Course involved in UNIPhD are frameworks 
within which every applicant has to present an original research project in collaboration with a 
Supervisor at the University of Padua.  
 
Potential Supervisors at Unipd have proposed the following detailed research options, which are 
related to the research topic. They are offered as a guideline and should facilitate your contact 
with potential Supervisors. Supervisors’ e-mail is specified in every research option table. You are 
welcome to contact them directly. 
 
Note that this research option list is not at all exhaustive and, within the topic you have chosen, 
you are free to propose a different research project. 

 

Doctoral Course  MATHEMATICAL SCIENCES 
 

Macro-area Physical Sciences and Engineering 
 

Department name Department of Mathematics 
 

Webpage https://dottorato.math.unipd.it/  
 

Research topic A 

Nonlinear differential equations and stochastic models 
This research line will address several aspects of Nonlinear Partial 

Differential Equations in connection with stochastic processes, 

control theory, differential games, and geometry. The research 

options include Mean-Field Games and control of multi-agent 

systems, with applications to biology and economics, Mathematical 

Finance, conservations laws on networks, with applications to traffic 

flows and fluid dynamics, optimal control of constrained systems, 

sub-Riemannian differential geometry. 

 

Link to the UNIPhD Call 
(Academic Year 
2022/2023) 

https://www.unipd.it/en/uniphd 

  

Latest Update 12.01.2022 
 

#Number of available 
Research Options 

6 

Scroll down to see all the Research Options 

 
  

https://dottorato.math.unipd.it/
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#1 Research Option Description 

Doctoral Course   Mathematical Sciences 
 

Department name  Department of Mathematics “T. Levi-Civita” 
 

Research topic A  Nonlinear differential equations and stochastic models 
 

Research option   Mean Field Games 
 

Supervisor 
Martino Bardi,  bardi@math.unipd.it 
Research group: Marco Cirant on the analytical side, Markus Fischer on the 
probabilistic side, Daniela Tonon, Paola Mannucci, Claudio Marchi. 

 

Webpage 
https://www.math.unipd.it/~bardi/, 
https://sites.google.com/site/marcocirant/ 
https://www.math.unipd.it/~fischer/ 

 

Context of the 

research activity and 

objectives 

 

Mean-Field Games is a fast growing multidisciplinary research field, connecting 
analysis, probability, numerical analysis, mathematical finance, and with many 
potential applications to economics, engineering, and social sciences. It is inspired 
by methods in statistical physics to study equilibria in (differential) games within a 
very large population of players. The broad interest raised by this theory is 
motivated on one hand by the deep mathematical challenges which it poses, and on 
the other hand by being a toolbox for modelling and analyzing several complex 
phenomena involving a large number of rational agents. 
The research will concern either the analytical aspects of MFG, focusing on the 
associated systems of partial differential equations and/or the so-called Master 
equation (a PDE in the space of measures) and studying problems such as multiple 
solutions and their asymptotic behavior, or on the probabilistic formulation using 
tools like stochastic differential equations, weak convergence of measures and 
coupling distances. 
Note: the supervisor can be chosen among the members of the group. 

 

Infrastructures  
The library of the Department of Mathematics offers a complete up-to-date access 
to mathematical journals and books. Several computing facilities are available. 

 

Skills and 
competencies for the 
development of the 
activity  

Good basic knowledge of partial differential equations and/or stochastic processes 
is necessary, some acquaintance with nonlinear PDEs, especially of Hamilton-Jacobi-
Bellman type, and/or with stochastic control would be very useful. 

 

Training offer 
Several courses in Mathematics and soft skills are offered every year by the PhD 
program in Mathematical Sciences. Specific courses and seminars will be organized 
on the topics of this project. 

 

Possible 
Secondments 

Université Paris-Dauphine (Ceremade), Université Paris-Diderot (Laboratoire 
Jacques-Louis Lions), King Abdullah University of Science Technology (CEMSE), 
Università di Milano Statale (dip. di Matematica). 

 
  

https://www.math.unipd.it/~bardi/
https://sites.google.com/site/marcocirant/
https://www.math.unipd.it/~fischer/
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#2 Research Option Description 

Doctoral Course Mathematical sciences 
 

Department name  Department of Mathematics “T. Levi-Civita” 
 

Research topic A  Nonlinear differential equations and stochastic models 
 

Research option  Analysis and Geometry in sub-Riemannian manifolds 
 

Supervisor 

Supervisor: Davide Barilari, davide.barilari@unipd.it , 
Group members: Roberto Monti, roberto.monti@unipd.it,  
Davide Vittone, davide.vittone@unipd.it  

 

Webpage https://www.math.unipd.it/~barilari/SRGPD.html  
 

 

Context of the research 

activity and objectives 

 
 
 
 

Sub-Riemannian geometry finds motivations and applications in several 
parts of pure and applied mathematics: Control Theory, classical Mechanics, 
Analysis in metric spaces, Geometric Measure Theory, symplectic and 
contact Geometry, diffusion on manifolds, PDEs, CR Geometry and, more 
recently, Neuromathematics of Vision. The objectives of the research 
activity concern some of the most relevant open problems in the field, in 
particular: regularity of geodesics and properties of abnormal curves, 
curvature theory for sub-Riemannian manifolds and related functional 
inequalities, PDEs of hypoelliptic type arising in the theory, and Geometric 
Measure Theory. Some of these problems are open since decades. 
NOTE: the supervisor can be any member of the research group 

 

Infrastructures 
Library and all laboratories of the Department of Mathematics. The library 
of the Department of Mathematics offers a complete up-to-date access to 
mathematical journals and books. 

 

Skills and competencies 
for the development of 
the activity 

Master degree in Mathematics, with focus on Analysis and/or Differential 
Geometry and/or Control Theory. 

 

Training offer 
Institutional courses of the PhD School in Mathematics. The group will also 
propose a PhD course on these topics. 
Reading seminars within the working group. 

 

Possible Secondments 
 

Sorbonne Univ. 
Institute Henri Poincare  
Fondation Sciences Mathématiques de Paris (14 laboratories) 
INRIA  

 
  

mailto:davide.barilari@unipd.it
mailto:davide.vittone@unipd.it
https://www.math.unipd.it/~barilari/SRGPD.html
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#3 Research Option Description 

Doctoral Course  
Scienze matematiche/Mathematical sciences  
 

 
Department name  Department of Mathematics “Tullio Levi-Civita” 

 

Research topic A  Nonlinear differential equations and stochastic models 
 

Research option  Analysis of conservation laws at a network junction 
 

Supervisor 
Laura CARAVENNA, laura.caravenna@unipd.it 
collaboration also with Fabio ANCONA is planned. 

 

Webpage https://www.math.unipd.it/~lcaraven/ 
 

Context of the research 

activity and objectives 

 
 
 
 
 
 
 
 

Nonlinear Partial Differential Equations (PDEs) evolving on network 
structures arise in important models from physics, engineering and biology. 
One of the main challenges in their study stems from the modeling and the 
analysis of the coupling conditions which govern the reflection/transmission 
mechanism of the wave-type solutions when traveling through the junctions 
of the network. Besides, in many situations, a change in the individual 
behavior (spontaneous or induced) can cause the whole network to be less 
or more efficient. To develop novel mathematical techniques which help to 
effectively govern these types of complex phenomena (focusing on traffic 
flow models or fluid dynamics) the candidate will investigate and clarify:  
i) structural and control theoretic properties of solutions of scalar 
conservation laws at a junction, extending to this setting the Lagrangian 
representation of solutions recently introduced for conservation laws on a 
real line. The aim is to exploit this powerful novel technique to address also 
applications in mixed PDE-ODE models of traffic flow (modeling for example 
E-scooters dynamics in addition to cars). 
ii) existence of steady and unsteady solutions for one-dimensional 
compressible Euler equations coupled with terms of geometric source, 
friction, and gravity (that capture the geometric effects determined by the 
junction and by the slope of the gas pipe). 

 

Infrastructures  
The library of the Department of Mathematics offers a complete up-to-date 
access to mathematical journals and books.  

 

Skills and competencies 
for the development of 
the activity  

A strongly positive attitude for Mathematical Analysis, familiarity with Real 
and Functional Analysis, ordinary differential equations, probability. 
Knowledge in stochastic and numerical analysis would facilitate further 
research approaches but they are not required. 

 

Training offer 

Institutional courses and soft skills training of the PhD School in 
Mathematics. The supervisor will regularly discuss with the fellow, on the 
proposed topic of research. The proposed research topic fits in a recently 
funded Italian research project (PRIN) which has a unit in Padova: the 
elected student would also benefit from external schools and workshops 
close to his/her research theme. 

 

Possible Secondments 

Due to the fundamental impact on the environment of the green transition, 
many research institutes and private companies are interested in better 
understanding and controlling liquids and gasses at network junctures, but 
also vehicular traffic. Among those, we suggest both the following 
secondments: 

https://www.math.unipd.it/~lcaraven/
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- a semester either at Oxford (UK) visiting Gui-Qiang Chen, at Penn State 
(US) visiting Alberto Bressan, or at Rutgers-Camden (US) visiting Benedetto 
Piccoli; 
- three months in a private company, for instance Transport System Catapult 
(UK) or Autovie Venete (IT).  
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#4 Research Option Description 

Doctoral Course Mathematical Sciences 
 

Department name  Department of Mathematics “Tullio Levi-Civita” (DM) 
 

Research topic A  Nonlinear differential equations and stochastic models 
 

Research option  Mathematical Finance 
 

Supervisors 

Martino GRASSELLI (grassell@math.unipd.it), Research group: 
Giorgia CALLEGARO (gcallega@math.unipd.it),  
Claudio FONTANA (fontana@math.unipd.it), 
Tiziano VARGIOLU (vargiolu@math.unipd.it) 

 

Webpage 
https://www.math.unipd.it/en/research/research-
areas/mathematics/mathematics-for-economics-and-finance/ 

 

Context of the research 

activity and objectives 

 
 
 
 
 
 
 
 
 

The research program will focus on mathematical finance and the methods 
of stochastic analysis and stochastic optimal control that are relevant for 
applications in financial and energy markets. The research program can 
address theoretical foundations, as well as applied and computational 
aspects, in line with emerging lines of research in the field. Some topics of 
current interest include (but are not limited to): 

 (Rough) stochastic volatility modelling 

 Stochastic and mean-field games 

 Computational finance in high dimension 

 Energy finance and stochastic models for renewable energies 

 Interest rate and credit risk modelling 

 Insurance mathematics 
 

Infrastructures  
Computing facilities, including a cluster for high performance computing 
and cloud computing. The department library offers a complete up-to-date 
access to mathematical journals and books. 

 

Skills and competencies 
for the development of 
the activity  

A solid knowledge of probability and mathematical analysis is desirable. 
Preference will be given to candidates with a background in stochastic 
calculus, mathematical finance, numerical probability. 

 

Training offer 

The PhD school offers each year a wide range of courses and seminars 
dedicated to PhD students. In addition, the PhD student will have the 
possibility to attend specialized courses and schools, also at foreign 
institutions. The PhD student is expected to take part in international 
conferences and workshops. The members of the research unit have an 
established network of international scientific collaborations, and the PhD 
student will become an active part of it.  

 

Possible Secondments 

 Fondation Sciences Mathématiques de Paris (FSMP), the excellence 

network of mathematical institutes in Paris. 

 Banca Intesa Sanpaolo1. 

 Oxford-Man Institute of Quantitative Finance. 

 
  

                                                 
1 Personal commitment by Dr. Andrea Pallavicini. 

mailto:grassell@math.unipd.it
mailto:gcallega@math.unipd.it
mailto:fontana@math.unipd.it
mailto:vargiolu@math.unipd.it
https://www.math.unipd.it/en/research/research-areas/mathematics/mathematics-for-economics-and-finance/
https://www.math.unipd.it/en/research/research-areas/mathematics/mathematics-for-economics-and-finance/
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#5 Research Option Description 

Doctoral Course Mathematical Sciences 
 

Department name Department of Mathematics 
 

Research topic A Nonlinear differential equations and stochastic models 
 

Research option Optimal control 
 

Supervisor 
Franco RAMPAZZO, rampazzo@math.unipd.it 
Research group: Monica MOTTA and Giovanni COLOMBO 

 

Webpage See, e.g., https://www.math.unipd.it/~colombo  
 

Context of the research 
activity and objectives 
 
 
 
 
 
 
 
 

Cutting edge problems in deterministic optimal control will be considered, 
particularly in the cases, relevant for applications, where state constraints 
and/or unbounded controls are involved. The PhD fellow is expected to work 
on one of the following problems: 

1) Obtaining necessary optimality conditions for mechanical systems 
subject to unilateral moving constraints. The available theory covers 
either the quasi static case or the general case under bilateral 
constraints. Developing new methods is required, with special focus 
to abandoning the quasi-static hypothesis, which in turn would 
demand dealing with the second order extension of the classical 
Moreau's sweeping process. 

2)  Obtaining “higher order” necessary optimality conditions for 
optimal control problems with state constraints. Such conditions, 
which can be relevant to rule out the optimality of a process when 
first-order conditions fail, are little investigated. In this context, we 
plan to consider also non-conventional systems, such as systems 
with unbounded or impulsive controls, or with a nonsmooth 
dynamics, so that the higher order conditions must be expressed in 
terms of set-valued objects like set-valued Lie brackets. 

3) Connected with issues illustrated in 1) and 2) there are several other 
directions of research which may be pursued after becoming acquainted 
with the above problems, including, e.g., sub-Riemannian geometry in a 
nonsmooth setting. The secondment will allow the fellow to widen her/his 
research perspective on optimal control.  

 

Infrastructures 
The library of the Department of Mathematics offers a complete up-to-date 
access to mathematical journals and books. 

 

Skills and competencies 
for the development of 
the activity 

A good knowledge of basic Functional and Real Analysis, and of basic ODE 
and PDE theory. A background in control theory is appreciated but not 
mandatory. 

 

Training offer 
Institutional courses of the PhD School in Mathematics. The research group, 
in particular, will propose a PhD course on topics of interest for the fellow 
and will hold reading seminars within the working team. 

 

Possible Secondments 

Academic: Fondation des Sciences Mathématiques de Paris or Penn State 
University (USA), Center for Interdisciplinary Mathematics, or CRAN (Lab. 
Res. Interdisc. Lorraine, Nancy) (F), or Imperial College (Londra), or FEUP 
(Porto), 6 months. 

 
  

https://www.math.unipd.it/~colombo
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#6 Research Option Description 

Doctoral Course  Mathematical Sciences 
 

Department name Department of Mathematics “Tullio Levi-Civita” 
 

Research topic A Nonlinear differential equations and stochastic models 
 

Research option  Control of mean-field equations for interaction models 
 

Supervisor  
Supervisor: Francesco ROSSI, francesco.rossi@math.unipd.it 
Collaborations with Fabio ANCONA and/or Mario PUTTI will also be possible. 

 

Webpage https://web.math.unipd.it/rossifr/  
 

Context of the research 

activity and objectives 

 
 
 
 

The study of systems of many interacting agents is crucial in today’s world, 
describing behaviours on roads, urban facilities, social and computer 
networks. 
The aim of the project is to develop control theory for such systems under 
the mean-field approximation: when the number of agents is huge, one can 
consider the population density instead of each precise agent. 
Beside an extensive study of the mean-field theory and literature review, 
the candidate will learn the basic tools of control theory and apply them to 
mean-field equation. He will develop results of controllability and optimal 
control, strongly focusing on models of interaction. During secondments, he 
will apply mean-field methods to describe networks in biology (FSMP or 
RUTGERS) and in road traffic (INRIA or Autovie Venete). 

 

Infrastructures  
The library of the Department of Mathematics offers a complete up-to-
date access to mathematical journals and books. 

 

Skills and competencies 
for the development of 
the activity  

The candidate will have a strong background in Mathematics or a related 
area (Mathematical or Control Engineering). 
Skills in Mathematical Analysis, Stochastic Analysis and/or Control Theory 
are preferred. 

 

Training offer 
Institutional courses of the PhD School in Mathematics. The research group, 
in particular, will propose a PhD course on topics of interest for the fellow 
and will organize reading seminars within the working team. 

 

Possible Secondments 
 

Fondation Sciences Mathématiques de Paris and INRIA (F) 
Rutgers Univ. (USA) 
Autovie Venete (I) 

 

mailto:francesco.rossi@math.unipd.it
https://web.math.unipd.it/rossifr/

