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Manifesto of Studies 

 
The Ph.D. degree in Mathematics is offered by the Department of Mathematics of the University of 

Trento in collaboration with the Department of Informatics of the University of Verona.  

Our goal is to train students who wish to pursue a career in academic research and teaching, as well as 

in the private and public sectors. 

Doctoral students take advanced courses in their areas of specialization, followed by a period of research 

and the preparation and defense of the doctoral thesis. 

The Department of Mathematics of the University of Trento and the Department of Informatics of the 

University of Verona offer an advanced training in mathematics and its applications in the broadest 

sense. 

A well-established collaboration is active with the following Research Institutes:  

• FBK, Fondazione Bruno Kessler, Trento 

• COSBI 

• FEM, Fondazione Edmund Mach, Trento 

• Indam, Istituto Nazionale di Alta Matematica 

• FAIRMAT 

• Q@TN Consortium 

 

Both Departments occupies a leading position in pure and applied mathematics, especially in Algebraic 

Geometry, Algebraic and Geometrical Methods in Criptography, Calculus of Variations, Geometric 

Analysis and Riemannian Geometry, Probability Theory, Mathematical Statistics and Stochastic 

Processes, Dynamical Systems and Control Theory, Mathematical Logic and Theoretical Computer 

Science, Modelization and Scientific Computation, Mathematical Physics, Operations Research, 

Computational Biology, Quantum Science and Technology. 

 

The School's curricula 

The PhD Programme in Mathematics lasts three years and is articulated into five curricula:  

 
 
a. General Mathematics 
 
This area focuses on one or more of the following research themes: 
 

- Calculus of variations: analysis in metric spaces, geometric measure theory, variational 
convergences (Gamma-convergence), optimal transport. 

- Geometric Analysis, Riemannian Geometry, Geometrical Flows.   
- Non linear Partial Differential Equations (PDE): free boundary problems, models of hysteresis, 

asymptotic behavior and PDE homogenization, variational and topological methods, non linear 
equations of Ginzburg-Landau and Schrödinger. 

- Analytic Geometry and Algebraic Geometry: algebraic curves and module spaces.  General type 
surfaces e and module spaces. Manifolds of high dimensions: Mori theory, Fano varieties. Real 
algebraic geometry, complex and hypercomplex analysis. 
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- Mathematical physics: foundational, analytical and geometrical aspects of quantum and 
relativistic theories. 

- Dynamical Systems and Control Theory: existence, multiplicity, stability of periodic solutions of 
differential equations, Lagrangian and Hamiltonian systems, differential games and optimal 
control problems, viscosity solutions of Hamilton-Jacobi equations; hybrid system optimizations.   

- Stochastic processes: stochastic partial differential equations, functional integration and 
applications.   

- Statistics: robust statistics, statistical measurements of data depth, computational statistics. 
- Mathematical Logic and Theoretical Computer Science: applications of non standard techniques 

(à la A. Robinson) in functional analysis, non classical logics, programming languages theory, type 
systems, static analysis, general and philosophical aspects, foundations, constructive 
mathematics and Hilbert’s program.  

- Group theory, in particular permutation groups and finite p-groups, Lie groups and algebras, 
computational methods and applications in theoretical physics. Commutative and computational 
algebra, monomial algebras and associated combinatorial structures. Algorithms for algebraic 
and combinatorial invariants. Coding theory and cryptography. Tensor decomposition, secant 
varieties, algorithms and applications to complexity theory, quantum information, and data 
analysis. Representations of algebras, homological algebra.  

 
 
b. Mathematical Modelling and Scientific Computing (MOMACS)  
 

- This area crosses the following research themes: 
-  
- Stochastic Processes: integral-differential equations and stochastic partial differential equations 

for the modeling of physical, biological, and financial phenomena.   
- Numerical Methods for Partial Differential Equations: modeling of electromagnetic phenomena 

and (classic and quantum) fluid dynamics, approximation methods based on finite elements, 
boundary elements, differences or finite volumes.   

- Approximation/numerical interpolation of multivariate functions: efficient methods and 
applications.   

- Discrete Mathematics: modeling in operations research, graph theory, combinatorial 
optimization, and applications to computational biology.  

- Optimal Control, Optimization: applications to decision science, image processing, cultural 
heritage. 

- Mathematical and computational models in medicine: simulation of physiological and 
pathological mechanisms in the human organism, with special focus on the circulatory and 
lymphatic system and their interactions with the central nervous system. 

 
 
c. Algebraic and geometrical methods in cryptography and coding theory 
 
This area focuses on several mathematical methods used in cryptography and in the theory of error 
correcting codes. More specifically, research is performed in the following topics:  

 Algebraic methods: linear algebra, commutative algebra, computational algebra, Gröbner 
bases, numeric fields, group theory. 

 Geometric methods: algebraic geometry, elliptic curves. 
The proposed research problems range from purely theoretical classifications to problems close to 
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industrial research. Industrial research can also be integrated with internships at leader companies 
within the field. 
 
 
d. Mathematical and computational biology 
 
This area focuses on the vast field of applications of mathematical and computational models in biology. 
The methods that can be studied include ordinary/partial differential equations theory, possibly with 
delay, stochastic processes, computational statistics, bioinformatics, formal methods to model complex 
systems. 
Research in these topics also involves several areas of biology, such as epidemiology, ecology, molecular 
networks with applications to systemic pharmacology and nutrigenomics.  
A doctoral thesis in this area will involve devising models for a biological problem, exploiting 
mathematical, statistical, and computational methods. This can involve other research centers near 
Trento (COSBI, FBK, FEM) or elsewhere. 
 
 
e. Mathematical applications to Quantum Science and Technologies 
 
This area focuses on theoretical and applied research on topics related to quantum physics in a broad 
sense (quantum mechanics, quantum information, quantum field theory) both from foundational -
theoretical and applied points of view, involving advanced mathematical techniques in algebra, analysis, 
geometry, mathematical physics, computer science, and probability. Doctoral students can collaborate 
with the cross-disciplinary doctoral project “Quantum Science and Technology” within the Q@TN 
consortium. 
 
 
Coursework for the academic year 2019/2020: 

 

According to the Doctorate Regulations, a candidate for the Ph.D. Degree in Mathematics must complete 

three courses, relevant to students’ course of study, taken from those presented in the Appendix of this 

document.  

Candidates must present their study plan, in accordance with their advisor, not after January 31, 2020. 

Possible other courses of interest, not listed in this document can be proposed, in agreement with the advisor, 

accompanied with a written motivation of the choice. 

Any modification to the study plan, agreed with the supervisor, may be required not after April 30, 2020. 

Generally, all the examinations shall be concluded before the end of July. 

The School Comittee in accordance with the advisor can ask for the presence in a student’s study plan of any 

course which is regarded of particular interest for the scientific education of the student. 

Doctoral students shall partecipate to the “Math Bites” and “Doc in Progress” seminars, organized by the 

research groups of the Doctoral School, and to other activities (such as workshops, summer schools, and 

others) as proposed from their advisors. 

Students of the curriculum e. Mathematical applications to Quantum Science and Technologies may choose 

their courses also among those in the Manifesto of the Q@TN Interdisciplinary Ph.D. School.  
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Allegato   

Courses of the PhD School in Mathematics, a.y. 2019-2020 

Model Theory (borrowed from the master degree in mathematics at Trento)  

- Lecturer: Stefano Baratella (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Stefano Baratella 
- Assessment Method: written test or oral presentation 
- Scientific Sector: MAT/01 Mathematical Logic 
- Contents: syllabus Model Theory  

Type Theory (borrowed from the master degree in mathematics at Trento)  

- Lecturer: Roberto Zunino (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Roberto Zunino 
- Assessment Method: written test  
- Scientific Sector: INF/01 Informatics 
- Contents: Syllabus Type Theory 

Advanced Coding Theory and Cryptography II (borrowed from the master degree in mathematics at Trento)  

- Lecturer: Edoardo Ballico (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Edoardo Ballico 
- Assessment Method: oral presentation of a topic or of a research project 
- Scientific Sector: MAT/02 Algebra 
- Contents:  Syllabus Advanced Coding Theory and Cryptography II  

Advanced Commutative Algebra (borrowed from the master degree in mathematics at Trento)  

- Lecturers: Edoardo Ballico and Giancarlo Rinaldo (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiners: Edoardo Ballico and Giancarlo Rinaldo 
- Assessment Method: oral presentation of a topic or of a research project 
- Scientific Sector: MAT/02 Algebra 
- Contents:  Syllabus Advanced Commutative Algebra  - E. Ballico 
  Syllabus Advanced Commutative Algebra - G. Rinaldo 

Tensor Decomposition for Big Data Analysis (borrowed from the master degree in mathematics at Trento) 

- Lecturer: Alessandra Bernardi (University of Trento) 
- Period: 1st Semester. Attention: students interested in this course shall contact the lecturer as soon as 

possible 
- Venue: University of Trento 

https://www.esse3.unitn.it/Guide/PaginaADContest.do?ad_cont_id=10170*91322*2019*2009*10002
https://www.esse3.unitn.it/Guide/PaginaADContest.do?ad_cont_id=10170*92624*2019*2009*10002
https://www.esse3.unitn.it/Guide/PaginaADContest.do?ad_cont_id=10170*91165*2019*2009*10005
https://www.esse3.unitn.it/Guide/PaginaADContest.do?ad_cont_id=10115*89834*2019*2008*10002
https://www.esse3.unitn.it/Guide/PaginaADContest.do?ad_cont_id=10170*92614*2019*2009*10002
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- Examiner: Alessandra Bernardi 
- Assessment Method: oral presentation  
- Scientific Sector: MAT/02 Algebra 
- Contents:  Syllabus Tensor Decomposition for Big Data Analysis  

Algebraic groups actions, invariants, birational geometry (PhD course, University of Trento)  

- Lecturer: Jaroslaw Wisniewski (University of Warsaw) 
- Period: February-April 2020 
- Venue: University of Trento 
- Examiners: Jaroslaw Wisniewski, Luis Eduardo Solá Conde, Gianluca Occhetta 
- Assessment Method: oral presentation  
- Scientific Sector: MAT/03 Geometry 
- Contents: the course concerns algebraic group actions on algebraic varieties. The introductory part is 

about polynomial invariants of linear actions of finite groups. Next we consider algebraic actions of affine 

algebraic groups and their quotients. A special consideration is given to algebraic torus action and 

quotients. Finally, we focus on applications to birational geometry of projective varieties.  

Course: Algebraic geometry II (borrowed from the master degree in Mathematics, University of Trento) 

- Lecturer: Luis Eduardo Solá Conde 
- Period: February-April 2020 
- Venue: University of Trento 
- Examiner: Luis Eduardo Solá Conde 
- Assessment Method: oral presentation 
- Scientific sector: MAT/03 Geometry 
- Contents:  Syllabus Algebraic geometry II  

Geometric Analysis (borrowed from the master degree in mathematics at Trento)  

- Lecturer: Lorenzo Mazzieri (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Lorenzo Mazzieri 
- Assessment Method: oral presentation  
- Scientific Sector: MAT/05 Mathematical Analysis 
- Contents: Syllabus Geometric Analysis  

Advanced Calculus of Variations (borrowed from the master degree in mathematics at Trento)  

- Lecturers: Andrea Pinamonti and Eugenio Vecchi (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiners: Andrea Pinamonti and Eugenio Vecchi 
- Assessment Method: oral presentation  
- Scientific Sector: MAT/05 Mathematical Analysis 
- Contents: Syllabus Advanced Calculus of Variations  

 
 

https://webapps.unitn.it/du/it/Persona/PER0061203/Didattica
https://www.esse3.unitn.it/Guide/PaginaADContest.do?ad_cont_id=10170*89095*2019*2009*10002
https://www.esse3.unitn.it/Guide/PaginaADContest.do?ad_cont_id=10170*92573*2019*2009*9999
https://www.esse3.unitn.it/Guide/PaginaADContest.do?ad_cont_id=10170*92613*2019*2009*10002
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Gamma-Convergence and Applications (Ph.D. course, University of Trento)  

- Lecturer: Marco Bonacini (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Marco Bonacini 
- Assessment Method: oral presentation  
- Scientific Sector: MAT/05 Mathematical Analysis 
- Contents:  Syllabus Gamma-Convergence and Applications  

Variational problems for manifold-valued maps (borrowed from the master degree in mathematics at 
Verona)  

- Lecturer: Giacomo Canevari  (University of Verona)  
- Period: April-May 2020 
- Venue: University of Verona 
- Examiner: Giacomo Canevari   
- Assessment Method: oral presentation  
- Scientific Sector: MAT/05 Mathematical Analysis 
- Contents: In this course, we will first introduce the harmonic map problem and some of its variants, 

motivated by applications to materials science. Then, we will focus on regularity. We will prove a partial 
regularity theorem for harmonic maps, and study their singularities. As a preliminary step, we will review 
a few selected regularity results for elliptic systems of partial differential equations. 

Introduction to Game Theory (Ph.D. course, University of Verona) 

- Lecturers: Stefano Benati (University of Trento) and Sylvain Sorin (UPMC, Sorbonne University) 
- Period: March-April 2020 
- Venue: University of Verona 
- Examiner: Stefano Benati and Luca Di Persio 
- Assessment Method: oral presentation  
- Scientific Sector: MAT/05 Operational Research 
- Contents: The course is divided in two parts. In the first one (lectures by Stefano Benati)  the basic 

concepts of game theory are introduced and a knowledge of Linear Programming (LP) is assumed as a 
prerequisite. The second part (lectures by Sylvain Sorin) deals with strategic games and introduces the 
main concepts, such as value and equilibria. Several proofs of the minmax theorem based on dynamical 
processes will be provided: unilateral procedure in discrete time, continuous time and ODE, fictitious 
play in discrete and continuous time, replicator dynamics.  The relation with approachability theory will 
be presented. Then existence proofs for equilibria and links between equilibria and variational 
inequalities will be discussed. Supermodular, potential and dissipative games will be treated as well as 
correlated equilibrium, leading to elementary existence proofs. If time permits, a short presentation of 
“stochastic approximation tools” will be done. 

Stochastic Differential Equations (borrowed from the master degree in mathematics at Trento)  

- Lecturer: Carlo Orrieri (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Carlo Orrieri 
- Assessment Method: oral presentation  

https://www.esse3.unitn.it/Guide/PaginaADContest.do?ad_cont_id=10131*91120*2019*2013*9999
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- Scientific Sector: MAT/06 Probability Theory and Mathematical Statistics 
- Contents: Syllabus Stochastic Differential Equations  

Stochastic Processes and Mean Field Games (Ph.D. course, University of Verona) 

- Lecturers: Adrian Zalinescu (UAIC, Iasi) and Luciano Campi (London School of Economics and Political 
Studies) 

- Period: 19-29 March, 19-24 April 2020 
- Venue: University of Verona 
- Examiners: Luca Di Persio 
- Assessment Method: oral presentation of a topic or of a research project 
- Scientific Sector: MAT/06 Probability Theory and Mathematical Statistics 
- Contents: A. Zalinescu will provide an introduction to stochastic calculus in continuous time and then 

develop some applications within the machine learning and neural networks arenas.  
L. Campi will give a short introduction of stochastic control problems and games, especially in view to 
applications in economics and finance such as - but not limited to - portfolio optimization.  

Mathematical Physics - Quantum Relativistic Theories (borrowed from the master degree in mathematics 
at Trento)  

- Lecturer: Valter Moretti (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Valter Moretti 
- Assessment Method: oral presentation  
- Scientific Sector: MAT/07 Mathematical Physics 
- Contents: Syllabus Mathematical Physics - Quantum Relativistic Theories  

Computational Haemodynamics (borrowed from the master degree in mathematics at Trento)  

- Lecturer: Lucas Omar Muller (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Lucas Omar Muller 
- Assessment Method: Project with oral presentation or written examination depending on the 

chosen topic 
- Scientific Sector: MAT/08 Numerical Analysis 
- Contents:  Syllabus Computational Haemodynamics  

Numerical Methods for PDE (borrowed from the master degree in mathematics at Trento)  

- Lecturer: Ana Maria Alonso Rodriguez (University of Trento)  
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Ana Maria Alonso Rodriguez 
- Assessment Method: oral presentation  
- Scientific Sector: MAT/08 Numerical Analysis 
- Contents: Syllabus Numerical Methods for PDE   

 

https://webapps.unitn.it/du/it/Persona/PER0212585/Didattica
https://www.esse3.unitn.it/Guide/PaginaADContest.do?ad_cont_id=10170*93074*2019*2009*10002
https://webapps.unitn.it/du/it/Persona/PER0027674/Didattica
https://webapps.unitn.it/du/it/Persona/PER0004711/Didattica
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Numerical Methods for the Fluid Structure Interaction Problem (Ph.D. course, Politecnico di Milano)  

- Lecturer: Christian Vergara (Politecnico di Milano) 
- Period: January 2020 
- Venue: Politecnico di Milano 
- Examiners: Christian Vergara and Lucas Omar Muller 
- Assessment Method: oral presentation  
- Scientific Sector: MAT/08 Numerical Analysis 
- Contents: Brief review on fluid-dynamics and computational fluid-dynamics; The Navier-Stokes 

equations in a moving domain; Brief review on continuum mechanics and related numerical methods; 
Fluid-structure interaction: mathematical models; Fluid-structure interaction: numerical methods for 
small displacements; Fluid-structure interaction: numerical methods for large displacements and 
immersed structures; An overview of applications to the cardiovascular system. 

Mathematical Modeling (Ph.D. course, University of Verona) 

- Lecturer: Romeo Rizzi (University of Verona) 
- Period: January-February 2020 
- Venue: University of Verona 
- Examiner: Romeo Rizzi 
- Assessment Method: submission of the solutions to exercises with immediate feedback, during the 

course, and for a following period 
- Scientific Sector: MAT/09 Operational Research 
- Contents: The first aim of the course is to offer an introduction to Linear Programming (LP). Zero-sum 

games will be presented as an application. After this, the course will face a few combinatorial games of 

pertinence in the design, synthesis and formal verification of systems and in the quantitative validation 

of workflows. 

- Note: a group of student will follow, through a web streaming, at the University of Verona (Cà Vignal). 
Possibly, we may create an uplink by using WhatsApp (or even better Telegram) for questions, feedback 
and sincronization. 

Bayesian Statistics (borrowed from the master degree in Mathematics at Trento)  

- Lecturers: Claudio Agostinelli and Pier Luigi Novi Inverardi 
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Claudio Agostinelli and Pier Luigi Novi Inverardi 
- Assessment Method: course project and oral presentation 
- Scientific Sector: SECS/01 Statistics 
- Contents: Syllabus Bayesian Statistics 

Model Tuning and Parameter Estimation (borrowed from “Network Modelling and Simulation”, master 
degree in Quantitative and Computational Biology)  

- Lecturer: Federico Reali (COSBI, Trento) 
- Period: February-May 2020 
- Venue: University of Trento 
- Examiner: Mario Lauria 
- Assessment Method: course project and oral presentation 
- Scientific Sector: INF/01 Informatics 

https://webapps.unitn.it/du/it/Persona/PER0181898/Didattica
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- Contents: The course aims at introducing three powerful methodologies for the estimation of 
parameters, with particular emphasis on the applications to modeling and inference. In particular, we 
present three methodologies for global optimization that fit the requirements of most of the 
computational systems biology applications, such as model tuning and biomarker identification. After a 
general introduction to function minimization and the analytical techniques, we will first introduce the 
multi-start approach for least-squares methods, mostly applied for fitting experimental data. We will 
then illustrate Markov Chain Monte Carlo methods, which are commonly used for the calibration of 
models involving stochasticity. Finally, we will present Genetic Algorithms, heuristic nature-inspired 
methods that are applied in a broad range of optimization applications. The study of these three different 
approaches covers most of the real-world applications of model tuning and provides a solid base to 
continue the research in the field. The methods will be implemented in Matlab. 

Musics and mathematics - An introduction (Ph.D. course, University of Trento) 

- Lecturer: Augusto Visintin (with the collaboration of some musicians) 

- Period: February-May 2020 

- Venue: University of Trento 

- Examiner: Augusto Visintin 

- Assessment Method: written or oral examination 

- Scientific sector: intersectorial 

- Description: No previous musical knowledge is required. The course will cover the following topics: 

Some mathe-musical concepts, Basis of Fourier analysis, Time-frequency analysis, Algebraic relations in 

music, Keyboards, The musical score, Scales and intervals, The harmonic series, Tunings and 

temperaments (Pythagorean, Ptolomaic and Mesotonic systems, Equal temperament), Inharmonicity. 

Some musicists will also contribute to the lectures. If a keyboard will be available, there will be a 

practical session, too. 


