
 

 Corso di Dottorato in Matematica  

 

Approvato dal Collegio dei Docenti in Matematica in data 21 ottobre 2020 
 

MANIFESTO OF STUDIES 

 

A.A. 2020/2021 

 

DOCTORAL SCHOOL IN MATHEMATICS 

  



 

 Corso di Dottorato in Matematica  

 

2 
 

 

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 occupy a leading position in pure and applied mathematics, especially in Algebraic 

Geometry, Algebraic and Geometrical Methods in Cryptography, 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 moduli spaces.  Surfaces of general type 

and moduli spaces. Manifolds of high dimensions: Mori theory, Fano varieties. Real algebraic geometry, 

complex and hypercomplex analysis. History of algebraic geometry. Mathematical visualization.  

- Mathematical physics: foundational, analytical and geometrical aspects of quantum and relativistic 

theories. 
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- 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.   

- Mathematical Statistics and Data Science. It will cover classical techniques of statistical inference, both 

under a frequentist and Bayesian paradigm, as well as modern techniques for complex and high-

dimensional data. In particular, it will include topics from multivariate statistics, such as graphical models 

and their link to network science, robust statistics and statistical data depth. 

- 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. 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, algebraic combinatorics, computational algebra, 

Gröbner bases, number fields, group theory 

- Geometric methods: algebraic geometry, elliptic curves. 

- Cryptographic protocols: design and formal proofs 

The proposed research problems range from purely theoretical classifications to problems close to industrial 

research. Industrial research can also be integrated with internships at leading companies within the field. 
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d. Mathematical and computational biology; 

This area focuses on the vast field of applications of mathematical and computational models in biology. 

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. 

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 

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. 

Doctoral students must present their study plan, in accordance with their advisor, not after January 31, 2021. 

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

introduced in the study plan accompanied by a motivation of the choice. 

Any modification to the study plan, agreed with the supervisor, may be required no later than April 30, 2021. 

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

The School Committee 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 participate in 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 n. 1 

Courses of the PhD School in Mathematics, a.y. 2020-2021 

(Description is provided for courses specific for the School. For the courses borrowed from the Master Degrees 
at the University of Trento or the University of Verona, a syllabus is provided on the University’s website) 

Graphical Models 

- Lecturer: Veronica Vinciotti. 
- Period: Second semester - 12 hours. 
- Venue: University of Trento. 
- Examiners: Veronica Vinciotti. 
- Assessment method: Homeworks 
- Contents: The student at the end of this teaching will learn classical and modern techniques for statistical 

inference of graphical models. The course will cover the theoretical foundations of conditional 
independence graphs as the basis for defining graphical models. It will then focus on the special cases of 
Gaussian graphical models, log-linear models and Bayesian networks, where it will cover both inference 
and software implementation.  

Communicating Higher Mathematics (partially borrowed from the bachelor’s degree in mathematics in 
Trento) 

- Lecturers: Marco Andreatta and Claudio Fontanari (University of Trento).  
- Period: February-May 2021. 
- Venue: Povo 1 and Povo 0. 
- Examiner: Claudio Fontanari. 
- Assessment Method: written and oral expositions during the course. 
- Contents: The course is aimed at offering to first years graduate students both theoretical and practical 

tools in order to improve their written and oral mathematical exposition. The course is divided into two 
parts: the first one (12 hours by Marco Andreatta, borrowed by the course “Communication of Sciences”) 
is devoted to a general overview of communication of mathematics (this part will be taught in Italian, but 
could be replaced by a suitable reading course in English for non Italian speaking PhD students); the 
second one (18 hours by Claudio Fontanari) is delivered specifically to PhD students and is more 
laboratorial in nature. Participants will be asked to produce both a written abstract and a short talk on 
their favourite mathematical research topic; all produced materials will be carefully analyzed, discussed 
and improved in the class group.  
Textbook: Norman E. Steenrod, Paul R. Halmos, Menahem M. Schiffer, Jean A. Dieudonne: How to write 
mathematics. American Mathematical Society (1973). 

Algebraic Geometry I (borrowed from the master degree in mathematics at Trento)  

- Lecturer: Edoardo Ballico (University of Trento).  
- Period: September-December 2020. 
- Venue: online course (and in person depending on the situation). 
- Examiner: Edoardo Ballico. 
- Assessment Method: oral exam. 
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- Contents: Basic algebraic geometry (affine, projective and quasi-projective varieties), dimension, 
smoothness and divisors (first 3 chapters of Shafarevich's book); a brief introduction of schemes and 
sheaves (roughly chapter 5 of Shafarevich's book). 

Algebraic Geometry II (borrowed from the master degree in mathematics at Trento) 

- Lecturer: Luis Eduardo Solá Conde 
- Period: February-May 2021 
- Venue: University of Trento (possible lectures online)  
- Examiner: Luis Eduardo Solá Conde 
- Assessment Method: Seminar on project presentation 
- Contents: Within the framework of Complex Algebraic Geometry, the class of rational homogeneous spaces 

contains some of the most ubiquitous varieties in the general theory, including projective spaces, 
Grassmannians, and quadrics. Their geometric properties are determined by the existence of certain 
semisimple linear algebraic groups acting transitively on them, and this fact turns the Representation 
Theory of this type of groups into a fundamental tool to study –and classify– the class of rational 
homogeneous spaces. 
In this course we will begin by introducing the basic concepts of Algebraic Geometry (affine and projective 
varieties, morphisms, etc), presenting projective spaces, quadric and Grassmannians under a classic point 
of view. Then we will focus on the study and classification of semisimple groups, and their parabolic 
subgroups, and we will finish by studying geometric properties of the rational homogeneous spaces, 
particularly line bundles and their cohomology. 

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

- Lecturer: Edoardo Ballico (University of Trento).  
- Period: second semester 2020/2021. 
- Venue: online course (and in person depending on the situation). 
- Examiner: Edoardo Ballico. 
- Assessment Method: oral exam. 
- Contents: Elliptic curves and cryptography. Then for any interested student: Curves over a finite field and 

AG codes; Network coding and codes in the rank metric; Quantum codes and Quantum cryptography. 

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

- Lecturer: Stefano Baratella (University of Trento). 
- Period: February-April 2021. 
- Venue: University of Trento. 
- Examiner: Stefano Baratella. 
- Assessment Method: seminar. 
- Contents: Axioms for Zermelo-Fraenkel set theory. Well-orderings and ordinals. Equivalents of the Axiom 

of Choice. Cardinal numbers. Cardinal arithmetic. Generalized Continuum Hypothesis. Some 
consequences of set-theoretic assumptions on the mathematical practice. The Axiom of Determinacy. 
Introduction to relative consistency results. Constructible sets.  

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

- Lecturer: Alessandra Bernardi (University of Trento). 
- Period: September-December 2020. 
- Venue: University of Trento.  
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- Examiner: Alessandra Bernardi. 
- Assessment Method: seminar. 
- Contents: Examples of Big Data Problems. 

Geometric structures for modeling large-scale data: Segre, Veronese, Grassmannian, Varieties of secants. 
Ranks of a tensor and variants. 
Theoretical and numerical algorithms for tensor decomposition. 

- Specific for the curriculum: Data science 

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

- Lecturer: Alessandra Bernardi (University of Trento). 
- Period: February-May 2021. 
- Venue: University of Trento. 
- Examiners: Alessandra Bernardi. 
- Assessment Method: oral presentation . 
- Contents: Recalling of basics in Commutative Algebra, such as ideals, modules, graded algebras, Hilbert 

function, Nullstellensatz. 

 Localization theory. 

 Primary decomposition. 

 Groebner basis and Syzygyes. 

 Finite free resolution. 

 Elimination theory. 

 Dimension Theory. 

 0-dimensional ideals. 

Applied stochastic differential equations  (borrowed from the master degree in mathematics at Verona) 

- Lecturers: Viktor Bezborodov (Wroclaw University of Science and Technology) and Adrian Zalinescu 
(Facultatea de Informatică Universitatea "Alexandru I. Cuza").  

- Period: Spring 2021. 
- Venue:  on-line course. 
- Examiner: Luca Di Persio (University of Verona). 
- Assessment method: seminar or project presentation. 
- Contents: [Stochastic growth models]: In  this course we consider various stochastic growth models and 

discuss their applications in science. We touch on the basics of percolation theory and interacting particles 
systems. We also discuss the bread-and-butter procedures in numerical simulation of the growth model. 
Among applications, we discuss the choices to be made in simulation of a growing tumor. [Backward 
Stochastic Differential Equations with applications]: We provide an introduction to Backward Stochastic 
Differential Equations (BSDEs), starting from recalling: existence and uniqueness results and related 
comparison principles for BSDEs with Lipschitz coefficients, then moving toward considering 1-dim BSDEs 
with non-linear coefficients, particularly analysing those characterized by quadratic growth generators, 
and reflected-BSDEs. We end the minicourse studying the non-linear Feynman-Kac formula as to consider 
the connection between SBDEs and non-linear PDEs. The course will be developed having in mind specific 
applications within the mathematical finance framework, e.g.: Pricing of European and American options, 
Hedging, Risk-Sensitive Control. 

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

- Lecturer: Stefano Bonaccorsi (University of Trento). 

https://www.researchgate.net/institution/Wroclaw_University_of_Science_and_Technology
http://www.info.uaic.ro/
http://www.uaic.ro/


 

 Corso di Dottorato in Matematica  

 

8 
 

- Period: February-May 2021. 
- Venue: University of Trento. 
- Examiners: Stefano Bonaccorsi. 
- Assessment Method: seminar or project presentation. 
- Contents: Syllabus Stochastic Differential Equations. 

From Hilbert's Programme to Dynamical Algebra 

- Lecturers: Roberta Bonacina (Universität Tübingen) and Ihsen Yengui (University of Sfax). 
- Period: Module 1 March-April-May 2021; Module 2 videoregistration (already available). 
- Venue: Module 1 Verona (dual mode), module 2 on-line. 
- Examiners: Roberta Bonacina (Universität Tübingen), Peter Schuster (Università di Verona) and Ihsen 

Yengui (University of Sfax). 
- Assessment method: oral presentation. 
- Contents: Hilbert's programme, the putative failure by Gödel's incompleteness theorems and the recent 

renaissance by dynamical algebra.  
Including the necessary prerequisites from mathematical logic such as recursion theory and type theory. 

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

- Lecturer: Marco Bonacini (University of Trento). 
- Period: February-May 2021. 
- Venue: University of Trento. 
- Examiner: Marco Bonacini. 
- Assessment Method: oral presentation. 
- Contents: Syllabus Advanced Calculus of Variations. 

Topics in Discrete Mathematics  

-  Lecturers: Arrigo Bonisoli, Simona Bonvicini, Giuseppe Mazzuoccolo, Anita Pasotti, Gloria Rinaldi 
(University of Modena and Reggio Emilia, University of Verona, University of Brescia) 

- Period: February -June 2021. 
- Venue: Lectures take place at “Edificio Matematica”, via Campi 213/c, 41125 Modena. 
- Examiner: Giuseppe Mazzuoccolo (University of Verona). 
- Assessment Method: a seminar given by the student on a paper related to the topic of the course + oral 

exam. 
- Contents: The goal of this course is to introduce students to ideas and techniques from discrete 

mathematics. A general introduction to basic concepts in Graph Theory, Design Theory and Combinatorics 
will be furnished. After that, some advanced topics and recent results will be presented. They include (but 
are not limited to) Matchings and Colorings in Graphs, Latin Squares, Balanced Block Designs, 
Decomposition of Graphs and Enumerative Combinatorics. 

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

- Lecturer: Andrea Caranti (University of Trento). 
- Period: February-May 2021. 
- Venue: As of today, the course should be given in presence in a classroom in Polo Ferrari 1. 
- Examiner: Andrea Caranti. 
- Assessment Method: Solving one (lengthyish) exercise chosen among a small number proposed by the 

examiner. 
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 Giving a seminar on a topic chosen out of a longish list proposed by the examiner. 
 Brief discussion of the above. 
- Contents: This is a standard course in the theory of group representation over the complex field. The two 

main result proven at the end of the course are: 
Burnside’s theorem about the solubility of the finite groups whose border. 
Frobenius' theorem about the existence of the Frobenius kernel in Frobenius groups. 

Digital identity: enrollment, authentication, and all that  

- Lecturers: Roberto Carbone, Silvio Ranise, Giada Sciarretta (FBK and University of Trento). 
- Period: February 1, 2021 - May 30, 2021. 
- Venue:Genova. 
- Examiner: Roberto Zunino. 
- Assessment Method: small project or oral presentation of relevant literature. 
- Scientific Sector: INF/01 (Curriculum "Cryptography"). 
- Contents: The course introduces the basic notions underlying the various aspects of digital identity 

management with a focus on a security-by-design approach complemented with the use of automated 
formal analysis techniques for security. First, it is explained why identity is the building block of any 
security strategy for current and future applications and services. Then, the various phases of the life cycle 
of digital identities are explained and the main security issues are highlighted. The interdependencies 
among the design and implementation choices performed in the various phases are also discussed.  
Finally, solutions for enrollment and authentication are described together with threat models and the 
most important mitigation techniques.  During the various topics, the security goals and the security 
analysis problems are formalized so that automated analysis techniques based on constraint solving and 
model checking can be used to assist designers in the various phases of the development. Digital identity 
management solutions taken from the real world are considered to illustrate the various notions and 
techniques.  

- Program:  

 Basics of digital identity management: the life cycle of digital identity, standards (SAML 2.0 and OpenID 
Connect), some scenarios (SPID and Carta Identità Digitale 3.0)  

 Security issues and mitigations: direct and indirect attacks, types of attackers and their capabilities, 
security analysis at different levels of abstractions (authentication factors or cryptographic protocols)  

 Security analysis at work: Carta Identità Digitale 3.0 and Cartella Clinica del Cittadino (TreC).  

The geometry of quantum algorithms 

- Lecturer: Frédéric Holweck (Université de Technologie de Belfort-Montbéliard). 
- Period: October-November 2020. 
- Venue: University of Trento. 
- Examiner: Frédéric Holweck. 
- Assessment method: oral examination. 
- Contents: In this course an introduction to geometrical concepts that can be used to describe entangled 

states generated by quantum algorithms will be given. Program:  
Week 1: Crash course on quantum computation and quantum algorithms - Quantum circuit - Grover's 
algorithm - QFT & Shor's algorithm . 
Week 2: Entanglement from an algebraic geometry perspective - The geometry of entangled states - 
Measuring entanglement: GME, invariants - The case of symmetric states - Entanglement generated by 
quantum circuits . 

https://www.researchgate.net/institution/Universite_de_Technologie_de_Belfort-Montbeliard
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Week 3: The geometry of the generalized Pauli group - The symplectic polar space over the two element 
field - Operator based proof of quantum contextuality - Generalizing Bell's inequalities (Mermin's 
polynomials) - Testing Mermin's polynomials on a quantum computer: the QFT case  
Week 4: Open problems. 

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

- Lecturer: Gian Paolo Leonardi (University of Trento). 
- Period: September-December 2020. 
- Venue: University of Trento. 
- Examiner: Gian Paolo Leonardi. 
- Assessment Method: oral presentation.  
- Contents: Syllabus Advanced Topics in Analysis. 

 Representation Theory  (borrowed from the master degree in mathematics at Verona) 

- Lecturer: Francesca Mantese (University of Verona). 
- Period: March -June 2021. 
- Venue: Department of Computer Science, University of Verona 
- Examiner: Francesca Mantese. 
- Assessment Method: The exam consists of a written examination. The mark obtained in the written 

examination can be improved  by an optional oral examination. Only students who have passed the 
written exam will be admitted to the oral examination. 

- Contents: The course provides a first introduction to the representation theory of quivers, an important 
branch of modern algebra with  connections to geometry, topology and theoretical physics. Syllabus:  
Quivers, representations, the path algebra. Categories and functors,  module categories. Filtrations: 
Theorems of Schreier and Jordan-Hoelder.  Direct sum decomposition, theorem of Krull-Remak-Schmidt. 
Homological  algebra: pushout, pullback, Ext, complexes, homology. 

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

- Lecturer: Andrea Marchese (University of Trento). 
- Period: February-May 2021. 
- Venue: University of Trento 
- Examiner: Andrea Marchese 
- Assessment Method: oral presentation. 
- Contents: Syllabus Geometric Measure Theory. 

Simulation algorithms for computational systems biology   

- Lecturer: Luca Marchetti (University of Trento). 
- Period: February-May 2021. 
- Venue: Povo (or remote teaching, depending on the pandemic evolution). 
- Examiner: Luca Marchetti. 
- Assessment method: course project and oral presentation.  
- Contents: The course will cover various methods for modeling and simulating biological systems with an 

emphasis on real case applications. Published results with biological significance will be discussed as 
illustrative case studies for the methods and techniques that will be introduced throughout the course. 
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After an introductory part reviewing the most popular modeling approaches (Equation-based approach, 
Rewriting systems, Network-based approaches, etc.), the course will introduce the most popular and 
effective simulation strategies: (i) Exact stochastic simulation (Gillespie Direct Method and 
improvements); (ii) Approximate stochastic simulation (Tau-leaping and Chemical Langevin Method); (iii) 
Deterministic simulation (numerical solution of ODEs, multistep and adaptive methods); (iv) Hybrid 
stochastic/deterministic simulation (motivation, most used approaches, HRSSA). 

Modeling Strategic Decisions: from Optimal Control to Mean Field Games via Differential Games  

- Lecturers: Antonio Marigonda (University of Verona) and Fabio Bagagiolo (University of Trento). 
- Period: February-April 2021. 
- Hours: 30 academic hours. 
- Venue: the course will be delivered part in Trento and part in Verona, and a possible division of the 

arguments is (referring to the list below): arguments 1,2,3,8,9 in Verona (lecturer: Antonio Marigonda) 
and arguments 4,5,6,7,10 in Trento (lecturer: Fabio Bagagiolo). A streaming online connection between 
Trento and Verona will be organized. 

- Examiners: Antonio Marigonda and Fabio Bagagiolo. 
- Assessment Method: presentation of a survey on a topic treated in the course. 
- Contents: 

 Introduction to optimal control theory, control systems, controlled dynamics (3 h) 

 Differential inclusions, Filippov's theorem, Relaxation, applications to generalized differentiation (3 h) 

 Necessary conditions: Pontryagin Maximum Principle, Sufficient Conditions: value function and 
Dynamic Programming Principle (3 h) 

 Hamilton-Jacobi-Bellman equation, Viscosity solutions, comparison principle for HJB equations and 
characterization of the value function as unique solution of HJB equation in the viscosity sense.  (3 h 

 Basic concepts of non-cooperative game theory: Pareto optimality, Nash equilibrium, minimax/zero 
sum, mixed strategies. (3 h) 

 Two players differential games: minimax/zero sum formulation, Hamilton-Jacobi-Isaacs equation, 
pursuit-evasion games. (3 h) 

 Exit-time, non-zero sum differential games (more players) and multi-objective differential games (3 h) 

 Infinitely many players, Mean field games and the Wasserstein metrics I (3 h) 

 Infinitely many players, Mean field games and the Wasserstein metrics II (3 h) 

 Zero sum mean field differential games.  (3 h) 
- Prerequisites: differential and integral calculus in several variables, linear algebra, ordinary differential 

equations, uniform and weak convergence of functions, functional analysis, notions of partial differential 
equations, measure theory. See  http://www.science.unitn.it/%7Ebagagiol/corso_dottorato_2021   for 
more details http://www.science.unitn.it/%7Ebagagiol/corso_dottorato_2021.html. 

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

- Lecturer: Lorenzo Mazzieri (University of Trento). 
- Period: February-May 2021. 
- Venue: University of Trento. 
- Examiner: Lorenzo Mazzieri. 
- Assessment Method: oral presentation. 
- Contents: Syllabus Geometric Analysis. 

 

http://www.science.unitn.it/~bagagiol/corso_dottorato_2021
http://www.science.unitn.it/~bagagiol/corso_dottorato_2021.html
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The interplay between algebra and randomness in Cryptography  

- Lecturer: Alessio Meneghetti (University of Trento). 
- Period: 8 March 2021-30 April 2021.. 
- Venue: Trento  
- Examiner: Giancarlo Rinaldo. 
- Assessment Method: Oral Exam. 
- Contents: Random Numbers are important in many research fields, including security protocols for safe 

communications.  
Random Numbers are important in many research fields, including security protocols for safe 
communications. 
Devices able to provide random numbers are called Random Number Generators (RNGs) and are either 
pseudo-RNG's or True-RNG's. 
Important features include their algorithmic nature, their dependence on specific random sources or 
physical devices. 
This course provides an overview of Cryptographically Secure Random Number Generation from an 
algebraic point of view. 
After introducing the cryptographic motivations, the notions of bias and Shannon entropy are discussed 
and then utilised to model RNGs into some standard classes (Pseudo-RNG, True-RNG, Quantum-RNG). 
The core of the course presents the theory of (linear) Entropy Extractors, which allows the design of RNG's 
which are secure for cryptographic purposes. 
Finally, some practical aspects of random number generation are introduced, such as the use of statistical 
test suites, examples of state-of-the-art Quantum-RNGs and a description of NIST guidelines for the 
implementation of secure RNGs. 

Basic analysis and discretization of hyperbolic conservation laws  

- Lecturer: Lucas Omar Müller (University of Trento). 
- Period: February-May 2021.  
- Venue: University of Trento. 
- Examiners: Lucas Omar Müller.  
- Assessment Method: oral presentation of a topic or of a research project. 
- Contents: Study of basic properties of hyperbolic PDEs, from the linear and scalar case to nonlinear 

hyperbolic PDE systems. The exact Riemann problem solver as a building block for numerical methods. 
High-order finite volume and discontinuous Galerkin formulations. All theoretical concepts will be applied 
to mathematical models of practical interest. Depending on student's interest we will address: 

 computational haemodynamics, including strategies for coupling domains and prescribing realistic 
boundary conditions. 

 shallow water equations (in one and two space dimensions). 

 gas dynamics equations (Euler equations) in multiple spatial dimensions. 
Students will perform numerical experiments (and implement parts of proposed methods) using. 
python-based scripts provided by the lecturer.  

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

- Lecturer: Nadir Murru (University of Trento). 
- Period: February - May 2021. 
- Venue: University of Trento.  
- Examiner: Nadir Murru.  
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- Assessment Method: Seminar. 
- Contents: continued fractions (approximation and periodicity properties, Hermite problem, Jacobi-Perron 

algorithm, multidimensional continued fractions); prime numbers (distribution, Bertrand postulate); 
primality testing (Rabin-Miller, Baillie-psw, AKS); factorization methods (quadratic sieve, General number 
field sieve, cfrac, squfof). 

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

- Lecturer: Pier Luigi Novi Inverardi, Claudio Agostinelli (University of Trento). 
- Period: February-May 2021. 
-  Venue: University of Trento. 
- Examiners: Pier Luigi Novi Inverardi, Claudio Agostinelli. 
- Assessment method: Giving a seminar on a topic chosen by the examiner and a brief discussion on it, 

together with homeworks. 
- Contents: The purpose of the course is to address the study of the foundations of Bayesian statistics 

starting from the basic principles of probability calculus. The course is divided into two modules: the first 
one will be devoted to estimation and to hypothesis testing based on the Bayesian approach to inference 
and intends to highlight the similarities and differences with the classical Fisher’s approach. Particular 
attention will be paid to the study of some common concepts to the two inferential approaches (for 
example: sufficiency, likelihood, independence/exchangeability) by stressing the different interpretations 
and their main consequences in terms of inferential results. The students during the course will have the 
opportunity to familiarize themselves with the principal theorems, logical developments, ideas and issues 
that underlie the different statistical techniques covered and learn to recognize them as natural 
extensions and consequences of the concepts introduced previously in the courses of probability and 
mathematical statistics. The second module focuses on the computational aspects in Bayesian inference 
problems. In the introduction part we discuss the main techniques for the generation of pseudo-random 
numbers from univariate and multivariate distributions. After, we learn about Monte Carlo integration 
and optimization. Finally Markov Chain Monte Carlo procedures are introduced, in particular the 
Metropolis-Hastings algorithms and the Gibbs samplers. These methods will be applied mainly to 
hierarchical statistical models. The students will be requested to have a pro-active participation in both 
classroom and in the Lab activities and a constant involvement in the training program. 

Mathematical Physics - Differential geometric methods (borrowed from the master degree in mathematics 
at Trento)  

- Lecturer: Enrico Pagani (University of Trento). 
- Period: February-May 2021.  
- Venue: Trento. 
- Examiner: Enrico Pagani. 
- Assessment Method: Oral Exam. 
- Contents: The course treats some advanced topics of Mathematical Physics, and some applications of 

Differential Geometry to Analytical Mechanics, Calculus of Variations, Continuum Mechanics, Special and 
General Relativity Theory, as indicated in the following:  

 Differential geometry, tensor calculus, fiber-bundles, connections, jet-spaces, Lie groups.  

 Analytical mechanics. Symplectic manifolds. Lagrangian and Hamiltonian formulation of Classical 
Mechanics. 

 Non-holonomic constraints.  

 Symmetries and conserved quantities.  

 Geometric theory of first order partial differential equations. Wave propagation.  



 

 Corso di Dottorato in Matematica  

 

14 
 

 Calculus of Variation in presence of non-holonomic constraints. Geometric Optimal Control Theory.  

 Second variation, conjugate points, Maslov theory.  

 Continuum Mechanics. Ideal and viscous fluids. Elasticity theory.  

 Basic notions of Special and General Relativity Theory.  

 B. A. Dubrovin, S. P. Novikov, A. T. Fomenko, Geometria Contemporanea, Editori Riuniti/Mir, 1987.  

 W.M. Boothby, An Introduction to Differentiable Manifolds and Riemannian Geometry, Academic 
Press, 1975.  

 V. I. Arnold, Metodi Matematici della Meccanica Classica, Editori Riuniti, 1979.  

 R. Abraham, J. Marsden, Foundations of Mechanics, Benjiamin Cummings, Reading, 1978. 

 R. Abraham, J. Marsden, T. Ratiu, Manifolds, tensor analysis, and applications, Springer, 2003.  

 R. Courant, D. Hilbert, Methods of Mathematical Physics, Interscience Publ., 1937.  

 D. McDuff, D. Salamon, Introduction to Symplectic Topology, Clarendon Press, 1988.  

 S. W. Hawking, G. F. R. Hellis, The large scale structure of space-time, Cambridge U.P., 1973.  

 P. Olver, Equivalence, Invariants and Symmetries, Cambridge University Press, 1995.  

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

- Lecturer: Roberto Pignatelli (University of Trento).  
- Period: September-December 2020. 
- Venue: The lectures are recorded via Zoom and downloadable via Moodle.  
- Examiner: Roberto Pignatelli. 
- Assessment Method: Oral Exam. 
- Contents: Goal of the course is to give to the students the basic notions of real and complex differential 

topology. At the end of the course, the student will have acquired the basic knowledge in the theory of 
real (including the case with boundary) and complex differential manifolds. The student will be able to 
compute De Rham cohomology rings, to determine through cohomological computations topological 
properties like orientability, connectedness or the existence of some intersection among submanifolds. 
Finally, the student will be able to solve, in simple cases, problems like if we can comb a manifold or if a 
self map has fixed points, translating them in cohomological computations. 

An introduction to Isogeny-based Cryptography  

- Lecturer: Federico Pintore, (Mathematical Institute, University of Oxford). 
- Period: January – March 2020/2021. 
- Venue: Torino.  
- Examiner: Giancarlo Rinaldo. 
- Assessment Method: Seminar. 
- Contents: Modern Cryptography: security models and provable security; Public-key Cryptography: 

conditional security and hard mathematical problems; Elliptic curves over finite fields: Weierstrass 
equation and group law; History of Isogeny-based Cryptography and overview of the state of the art; 
Morphisms and isogenies between elliptic curves; Separable isogenies and their degree; Velu’s formula; 
The SIDH protocol and its implementation; SIDH-based encryption and identification protocol; Class group 
action and CSIDH. 

Mathematical models for epidemics 

- Lecturers: Andrea Pugliese, Piero Poletti (University of Trento and FBK). 
- Period: February 15 - April 1 (first part of the course "Advanced Topics in Biomathematics" + few on-line 

lectures from "Mathematical Biology"). 
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- Venue: Povo (or on-line, if it will be necessary). 
- Examiners: Andrea Pugliese, Piero Poletti. 
- Assessment method: seminar or project presentation. 
- Contents: Simple deterministic epidemic models based on ordinary differential equations. 

Epidemic models with arbitrary infectious period formulated as integro-differential equations. 
Stochastic models: formulation, approximation and simulation. 
Multi-group deterministic epidemic models. 
Stochastic epidemic models including households. 

Mathematical Programming – Outline applications (borrowed from the master degree in mathematics at 
Verona) 

- Lecturer: R. Rizzi (University of Verona). 
- Period: January 22 - February 1, 2021. More details at the home page for the course. 
- Venue: the meetings of the course will take place in telematic. They will go out in streaming and also get 

recorded to remain available. 
A Telegram group will help not only keeping in contact but it will also offer an effective channel for 
communicating among us. 

- Examiners: the phd CMS (Contest Management System) I will set up for you: 
{\tt https://cms.di.unipi.it/phd} 

- Assessment method: besides participating to the meetings, you are required to approach the homework 
exercises and solve them writing running code (just a few lines, in C/c++, or Pascal, or Python, or 
essentially any language you might prefer. The programming will not be your problem even if you are new 
to it. If so, it will be a good occasion to get it). You will have the opportunity to submit these small codes 
to our system which will test and assess your solutions and provide you with immidiate validation and 
fedback. 
You'll need to solve problems employing recursion, dynamic programming, hints and/or proofs discussed 
during the class. Each problem delivers at most 100 points (which you will get in full if your algorithmic 
solution is most smart and efficient, and otherwise you will go collecting a few point here and a few point 
there). Exercises can be done in group (which is actually encouraged so that this first course will also serve 
as an occasion for you to get to know each other), but you are supposed to have a good understanding of 
the solutions you will be submitting as an individual. 
As such, it is good if you submit your solutions already during the course so that we have occasions to 
discuss them or offer hints or to do some troubleshooting, settle ambiguities, or provide the missing 
pieces. However, we will also allow for a longer submission window after our meetings have come to their 
end. In this way, everyone will follow his peace and take his best time to go through the exercises. 

- Contents: The first aim of the course is to offer a motivated introduction to Linear Programming (LP) also 

exploring some of the links with other filds like Combinatorial Optimization (CO). Our approach will be 

algorithmic. Basic and fundamental techniques and methodologies for mathematical investigation will be 

underlined and rediscovered also taking inspiration from Computational Complexity theory. We also 

intend to present a few combinatorial games of pertinence in the design, synthesis and formal verification 

of systems and in the quantitative validation of workflows. - Program: – Good characterizations, recursion, 

and Dynamic Programming (DP). 1 tiling problems and puzzles: YES and NO certificates and their role 2 

good conjectures and how to prove them 3 from recursion/induction to dynamic programming. – 

Introduction to graphs and Combinatorial Optimization (CO) 1 graphs and digraphs as models 2 a few 

good characterizations (connectivity, Eulerian graphs, bipartite graphs, DAGs) 3 Bellman-Ford’s algorithm. 

Simple Temporal Networks (STNs) and scheduling. – Introduction to Linear Programming (LP) 1 what is an 

LP problem 2 modeling your problem as a linear program 3 the simplex method 4 duality theory 5 
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complementary slackness 6 economic interpretation. – Combinatorial games on graphs 1 from scheduling 

to dynamic controllability 2 parity games 3 mean-payoff games – 

Nonclassical Logics and Constructive Mathematics (borrowed from the master degree in mathematics at 
Verona) 

- Lecturers: Peter Schuster (Università di Verona) and Stefania Centrone (Technische Universität Berlin) 
- Period: Module 1 March-April-May 2021; Module 2 videoregistration (already available).  
- Venue: Module 1 Verona (dual mode), module 2 on-line. 
- Examiners: Stefania Centrone (Technische Universität Berlin) and Peter Schuster (Università di Verona).  
- Assessment method: oral presentation. 
- Contents: Syntax and semantics of intuitionistic logic and modal logics with Gödel's embedding into S4; 

constructive and predicative aspects of the foundations of mathematics or their deficiency, including 
transfinite proof methods. 

 Functions of complex and hypercomplex variable  

- Lecturer: Caterina Stoppato (Università di Firenze). 
- Period: to be chosen, for a duration of 30 hours. 
- Venue: WebEx streaming, Università di Firenze. 
- Examiner:  Riccardo Ghiloni, Alessandro Perotti, Caterina Stoppato.   
- Assessment Method: Homework and final seminar 
- Contents: The course will focus on function theory in one (hyper)complex variable. After the necessary 

prerequisites about holomorphic complex functions, it will present some classical results such as the 
classification of Riemann surfaces, as well as some dynamics over Riemann surfaces. The course will then 
present the theory of regular functions of one quaternionic or hypercomplex variable, which is the subject 
of current research along with its applications to other areas of mathematics. 

An Introduction to moduli spaces 

- Lecturer: Orsola Tommasi (Università di Padova). 
- Period: hrs. 24. First lecture on December 2, 2020, 11:00 (dates already fixed, see calendar). 
- Venue: University of Padova. 
- Examiner: Orsola Tommasi. 
- Assessment method: Seminar zoom. 
- Contents: Basic notions of geometry, as provided by a Mathematics degree. This course is open to any 

PhD student. Depending on the students’ background, I will include a review of useful notions from 

geometry and topology. Examination and grading: SSD: MAT/02 Aim: Course contents: A moduli space is 

a space parametrizing all possible objects of a certain fixed type. A classical example is the following: let 

us fix a compact oriented surface P. Then the space of all possible complex structures on P is the moduli 

space M of genus g Riemann surfaces, where g is the topological genus of P. By construction, the points 

of Mg correspond to the isomorphism classes of Riemann surfaces of genus g. This kind of construction 

generalizes to many other classification problems. In good cases, moduli spaces will turn out to be 

complex manifolds or varieties. However, in most cases the moduli space will not be truly a manifold, but 

rather a mild generalization of it, called an orbifold. Although the construction of moduli spaces originates 

in algebraic geometry, moduli spaces themselves are of interest also in other areas of mathematics, such 

as other areas of geometry, topology, group theory, analysis and mathematical physics. In this course, I 

would like to present the basic ideas and formalism underlying the concept of moduli space, along with 
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some main examples of interdisciplinary interest. Besides the moduli space of Riemann surfaces, 

interesting examples with applications in different fields include: • mirror symmetry, a construction from 

theoretical physics that predicts that there exist pairs of topological spaces (X; X∗ ) such that the moduli 

space of complex structures on X is isomorphic to the moduli space of symplectic structures on X∗ , and 

vice versa; • modular curves in number theory, which are moduli spaces parametrizing elliptic curves with 

additional structures. References: (tentative list) • Kock, Joachim; Vainsencher, Israel. An invitation to 

quantum cohomology. Kontsevich’s formula for rational plane curves. Progress in Mathematics, 249. 

Birkhauser Boston, Inc., ¨ Boston, MA, 2007. xiv+159 pp. DP-5 • Newstead, P. E. Introduction to moduli 

problems and orbit spaces. Tata Institute of Fundamental Research Lectures on Mathematics and Physics, 

51. Tata Institute of Fundamental Research, Bombay; by the Narosa Publishing House, New Delhi, 1978. 

vi+183 pp. • Cox, David A.; Katz, Sheldon. Mirror symmetry and algebraic geometry. Mathematical Surveys 

and Monographs, 68. American Mathematical Society, Providence, RI, 1999. xxii+469 pp. • Harris, Joe; 

Morrison, Ian. Moduli of curves. Graduate Texts in Mathematics, 187. Springer-Verlag, New York, 1998. 

xiv+366 pp. 

Numerical Methods for the Fluid Structure Interaction Problem  

- Lecturer: Christian Vergara (Politecnico di Milano) 
- Period: January 2021 
- Venue: Politecnico di Milano 
- Examiners: Christian Vergara and Lucas Omar Muller 
- Assessment Method: oral presentation  
- 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. 

 


