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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 offers an advanced training in mathematics and its applications in the broadest sense. 

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. 

- 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, mean field games, 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-
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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. 

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. 
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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, 2022. 

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, 2022. 

Generally, all the examinations shall be concluded within the end of July. In case of failure to take the exam, 

by 31 July 2022 (Doctoral School Committee dated 13/10/2021), the student must submit a reasoned request 

for an extension to the Director of the Doctoral School in Mathematics. 

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. 2021-2022 
 

 

 

Quantum relativistic Theories. 
 

- Lecturer and Examiner: Valter Moretti. 
- Course: borrowed from the Master's Degree - Mathematical Physics - Quantum relativistic Theories. 
- Scientific Sector: MAT/07 Fisica Matematica. 
- Period: second semester 63 hours (it will be reduced for PhD students accordingly to the standard of the 

PhD courses). 
- Assessment method: a talk on a subject related with the contents of the course agreed with the doctoral 

student. 
- Contents: Mathematical aspects of quantum relativistic theories. This year I will focus on mathematical 

aspects of quantum field theory in curved spacetime in the algebraic formulation (spectral theory and C*-
algebras). 

 
 

Differential Geometric Methods 
 

- Lecturer and Examiner: Enrico Pagani. 
- Course: borrowed from the Master's Degree - Mathematical Physics - Differential Geometric Methods.  
- Scientific Sector: MAT/07 Fisica Matematica. 
- Period: second semester 63 hours (it will be reduced for PhD students accordingly to the standard of the 

PhD courses). 
- Contents: Tensor calculus, differential geometry, fiber-bundles, connections, jet-spaces, Lie groups. 

Analytical mechanics. Symplectic manifolds. Lagrangian and Hamiltonian formulation of Classical 
Mechanics. Non-holonomic constraints. 
Geometric theory of first order partial differential equations. Wave propagation. Symmetries and 
conserved quantities. 
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. 
Assessment method: a talk on a subject related with the contents of the course agreed with the doctoral 
student. 
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Theory of U-Statistics and their applications 
 

- Lecturer: Anand N. Vidyashankar (Dept. of Statistics, George Mason University, USA). 
- Period: First semester 2021/2022. 
- Venue: University of Trento. 
- Course: specific for the doctoral school - 3CFU extra curriculum. 
- Indicative number of academic: hours 18. 
- Scientific Sector: SECS-S/01 Statistics. 
- Examiner: Anand N. Vidyashankar. 
- Assessment method: Homework. 
- Contents:  The theory of U-statistics goes back to the fundamental work of Hoeffding, in which he proved 

the central limit theorem. 
During the last forty years the interest to this class of random variables has been permanently increasing, 
and thus, the new intensively developing branch of probability theory has been formed. 
The U-statistics are one of the universal objects of the modern probability theory of summation. On the 
one hand, they are more complicated "algebraically" than sums of independent random variables and 
vectors, and on the other hand, they contain essential elements of dependence which display themselves 
in the martingale properties. In addition, the U-statistics as an object of mathematical statistics occupy 
one of the central places in statistical problems. 
The course will cover main results such as law of large numbers, central limit theorems and law of iterated 
logarithms with applications in non-parametric statistics and machine learning problems. 

- References: 
Korolyuk V.S. e Borovskich Y.V. (2013) Theory of U-Statistics. 
Bose, A. and Chatterjee S. (2018) U-Statistics, M_m -Estimators and Resampling. 
 

 
Mathematical Models for Epidemics 
 

- Lecturer: Andrea Pugliese, Giorgio Guzzetta, Piero Poletti. 
- Period: February – April 2022. 
- Venue: University of Trento. 
- Course: Part of the course “Advanced topics in Biomathematics”.  
- Indicative number of academic hours: 20-25. 
- Scientific Sector: MAT/05 Analisi Matematica. 
- Examiners: Andrea Pugliese, Giorgio Guzzetta, Piero Poletti. 
- Assessment method: seminar. 
- 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.  
Introduction to methods of parameter estimation.  
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Bayesian Statistics 
 

- Lecturers: Pier Luigi Novi Inverardi - Claudio Agostinelli. 
- Period: second semester 2021/2022. 
- Venue: University of Trento. 
- Course: borrowed from the Master's Degree: 6CFU.  
- Indicative number of academic hours: 42. 
- Scientific Sector: Statistics (SECS-S/01). 
- Examiners: Pier Luigi Novi Inverardi - Claudio Agostinelli. 
- Assessment method: Written exam – homeworks. 
- Contents : the course will cover fundamental aspects of Bayesian inference and it will include:  

1. Likelihood, prior and posterior. 

2. Frequentist vs Bayesian inference. 

3. How to set prior distributions: conjugate, non-informative, improper, Jeffrey priors. 

4. Point estimates and credible intervals. 

5. Bayes factors and model selection. 

6. Models Averaging. 

7. Hierarchical models. 

8. MCMC inference.  

 
Graphical Models and Network Science 
 

- Lecturer: Veronica Vinciotti. 
- Period: First semester 2021/2022. 
- Venue: University of Trento. 
- Course: borrowed from the Master's Degree (6CFU). 
- Indicative number of academic hours: 42. 
- Scientific Sector: Statistics (SECS-S/01).  
- Examiner: Veronica Vinciotti. 
- Assessment method: Oral exam – homeworks. 
- Contents: At the end of this course, the student will be able to use graphical models to study the relation 

between continuous or discrete variables as well as statistical models for network data. They will learn 
fundamental aspects of the theory and how to apply the theory to practical cases with the use of a 
statistical software. In particular, the following topics will be covered:  
1. Conditional independence graphs, Markov properties and factorizations. 

2. Gaussian graphical models. 

3. Directed graphs and causal inference. 

4. Chain graphs and vector autoregressive processes. 

5. Modelling of network data. 
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Advanced Statistical methods 
 

- Lecturer: Claudio Agostinelli. 
- Period: Second semester 2021/2022. 
- Venue: University of Trento. 
- Course: borrowed from the Master's Degree (6 CFU).  
- Indicative number of academic hours: 42. 
- Scientific Sector: Statistics (SECS-S/01).  
- Examiner: Claudio Agostinelli. 
- Assessment method: Exam – homeworks. 
- Contents: At the end of the course, the student will learn about classical and modern techniques to study 

the asymptotic behaviour of estimators and of other important inferential quantities and suitable 
stochastic approximations. The student will also study convergence problems through empirical 
processes, including convergence laws, rates of convergence and entropy measures. 

 
 
Model theory 
 
- Lecturer: Stefano Baratella. 
- Period: second semester 2021-22 (mid February--end of May 2022).  
- Venue: University of Trento. 
- Course: borrowed from the Master's Degree.  
- Indicative number of academic hours: between 30 (minimum required) and 42. 
- Scientific Sector: Mathematical logic (MAT/01)  
- Examiner: Stefano Baratella. 
- Assessment method: problem solving exam or seminar. 
- Contents: The main course topics are the following. Basic notions from model theory. Categoricity. 

Ultraproducts. Los' theorem. Compactness and the Löwenheim-Skolem theorems. Ultraproducts in 
algebra and in analysis. The Ax-Grothendieck theorem. Quantifier elimination. Quantifier elimination for 
algebraically closed fields and for real closed fields. Model completeness. Hilbert's Nullstellensatz. 
Hilbert's 17th problem. Types. Saturation. Saturated models. Elements of stability theory.  

 
 

Type Theory  
 
- Lecturer: Roberto Zunino. 
- Period: February-June 2022. 
- Venue: University of Trento. 
- Course: borrowed from the Master's Degree in Mathematics.  
- Indicative number of academic hours: 42. 
- Scientific Sector:  INF/01 Computer Science. 
- Examiner: Roberto Zunino. 
- Assessment method: Written test. 
- Contents: Type theory is a mathematical discipline bridging Computer Science (programming languages), 

Mathematical Logic (constructivism), and some parts of Geometry (homotopy).  It also makes use of some 
algebraic notions from Category Theory.  
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The course starts from a simple programming language, the simply-typed lambda calculus, connects it to 
propositional intuitionistic logic through the Curry-Howard correspondence, and studies its categorical 
models (Cartesian closed categories).  
Then, we extend the calculus in several directions: parametric polymorphism (System F), recursive types, 
recursive terms. 
At the end of the course we hint at pure type systems, Barendregt’s lambda cube, Martin-Löf type theory, 
and Homotopy Type Theory. 

 
 
Geometric Analysis  
 
- Lecturer: Lorenzo Mazzieri. 
- Period: February-June 2022. 
- Venue: University of Trento. 
- Course: borrowed from the Master's Degree in Mathematics.  
- Indicative number of academic hours: full course 63, selected topics 40. 
- Scientific Sector: Mathematical Analysis (MAT/05). 
- Examiner: Lorenzo Mazzieri. 
- Assessment method: Oral Presentation. 

Contents: 
1. A quick introduction to differentiable manifolds, tensor bundles and tensor calculus. 
2. Covariant differentiation, Affine connections and Riemannian metrics. 
3. The Riemann curvature tensor. Fundamental properties and orthogonal decomposition. Locally 

conformally flat manifolds.  
4. Fundamental equations of Riemannian Geometry. Second fundamental form. Gauss and Codazzi 

equations.  
5. Variational theory of the geodesics. The length functional and the energy functional. First and second 

variation formulas with applications. 
6. Introduction to minimal surfaces. First and second variation of the area functional.  
7. Comparison Geometry, Bishop-Gromov volume comparison Theorem. 
8. The Cheeger-Gromoll Splitting Theorem, with applications. 
 
 

Advanced Calculus of Variations  
 
- Lecturer: Marco Bonacini (University of Trento). 
- Period: February-May 2022. 
- Venue: University of Trento. 
- Course: Borrowed from the Master's Degree in Mathematics.  
- Indicative number of academic hours: 42. 
- Scientific Sector: MAT/05 Analisi Matematica. 
- Examiner: Marco Bonacini. 
- Assessment Method: oral presentation. 
- Contents: General introduction to methods and techniques of the Calculus of Variations. 

Minimization of integral functionals depending only on the gradient among Lipschitz functions. 
Introduction to the bounded slope condition. 
The direct method of the calculus of variations. Some elements of functional analysis: Sobolev spaces; 
convexity and semicontinuity. Application of the direct method to integral functionals. Necessary and 



 

 

 Corso di Dottorato in Matematica  

 

10 
 

sufficient conditions for semicontinuity of an integral functional. Examples and counterexamples of 
existence of minimizers. 
The theory of relaxation. Lower semicontinuous envelope of an integral functional. 
Euler - Lagrange equations. Constrained problems. Quick overview of the regularity theory of minimizers 
using the De Giorgi - Nash approach. 
If time permits, a quick introduction to Gamma-convergence.  

 
 
An introduction to fluid-structure interaction problems 
 
- Lecturers: Christian Vergara - Luca Formaggia (Department of Mathematics, Politecnico di Milano).  
- Period: January or February 2022 (to be defined).  
- Venue: Department of Mathematics, Politecnico di Milano. 
- Course: specific for the doctoral school (but delivered in Milano).  
- Indicative number of academic hours: 25. 
- Scientific Sector: MAT/08 Analisi Numerica. 
- Examiners: Christian Vergara - Lucas Muller. 
- Assessment method: oral colloquium. 
- Contents: An introduction of the basic mathematical models and numerical methods for the fluid-

structure interaction problem arising in many engineering applications.  
Programme: 
1. Brief review on fluid-dynamics and computational fluid-dynamics. 
2. The Navier-Stokes equations in a moving domain. 
3. Brief review on continuum mechanics and related numerical methods. 
4. Fluid-structure interaction: mathematical models. 
5. Fluid-structure interaction: numerical methods for small displacements. 
6. Fluid-structure interaction: numerical methods for large displacements and immersed structures. 
7. An overview of applications to the cardiovascular system. 

 
 
Reduced Order Methods for Computational Mechanics 
 
- Lecturer: Gianluigi Rozza (SISSA, Trieste). Tutorials coordinated by Francesco Ballarin and Giovanni Stabile. 
- Period: Spring 2022. 
- Venue: SISSA, Trieste. 
- Course: specific for the doctoral school (but delivered in Milano).  
- Indicative number of academic hours:  about 24-30 (one week intensive course).  
- Scientific Sector: MAT/08 Analisi Numerica. 
- Examiners: Gianluigi Rozza/Alberto Valli. 
- Assessment method: Seminar on course topics. 
- Contents: In this course we present reduced basis (RB) approximation and associated a posteriori error 

estimation for rapid and reliable solution of parametrized partial differential equations (PDEs). The focus 
is on rapidly convergent Galerkin approximations on a subspace spanned by "snapshots'"; rigorous and 
sharp a posteriori error estimators for the outputs/quantities of interest; efficient selection of quasi-
optimal samples in general parameter domains; and Offline-Online computational procedures for rapid 
calculation in the many-query and real-time contexts. We develop the RB methodology for a wide range 
of (coercive and non-coercive) elliptic and parabolic PDEs with several examples drawn from heat transfer, 
elasticity and fracture, acoustics, and fluid dynamics. We introduce the concept of affine and non-affine 
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parametric dependence, some elements of approximation and algebraic stability. Finally, we consider 
application of RB techniques to parameter estimation, optimization, optimal control, and a comparison 
with other reduced order techniques, like Proper Orthogonal Decomposition. Some tutorials are prepared 
for the course based on FEniCS and Python within the training/educational library RBniCS (open-source 
based on python and FEniCS) and featured on Colab with self installation.  

 
 
Introduction to Malliavin Calculus" (MAT/06) 
 
- Lecturer: Luciano Tubaro. 
- Period: Feb.-May 2022. 
- Venue: University of Trento. 
- Course: specific for the doctoral school.  
- Indicative number of academic hours: 30. 
- Scientific Sector: MAT/06 Probabilità e Statistica Matematica. 
- Examiners: Luciano Tubaro - Stefano Bonaccorsi. 
- Assessment method: Oral examination. 
- Contents: Introduction to Malliavin Calculus.  

The course aim to introduce the main topics of Malliavin calculus, and to discuss similarities and 
differences between the different approaches to this important tool.  
We aim to discuss some applications to the existence and regularity of the density of random variables 
and solutions of stochastic differential equations. 

 
 
Selected Topics in Number Theory for Advanced Cryptography  
 
- Lecturer: Giordano Santilli. 
- Period: March - June 2022.  
- Venue: University of Trento. 
- Course: specific course for the doctoral school. 
- Indicative number of academic hours: 30. 
- Scientific Sector: MAT/02 Algebra. 
- Examiner: Nadir Murru. 
- Assessment method: Seminar  
- Contents: The main aim of the course is to give an overview of some number theoretic topics and focus 

on their applications in public-key cryptography.  This course would be divided into three different parts:  
1. Elementary Number Theory: Complete theory of finding roots of polynomials in Z/nZ; multivariate 

polynomials through Chevalley’s Theorem; Quadratic Reciprocity Law; Rabin, Goldwasser-Micali and 
Paillier cryptosystems. 

2. Algebraic Number Theory: Recall on Ideal Factorization in a Number Field, Rings of Integers, norm of 
an ideal, first-degree prime ideals, The General Number Field Sieve, Rational Base, Algebraic Base, 
Quadratic Characters Base, Sieving Phase, Choice of parameters for the algorithm.  

3. Analytic Number Theory: The Riemann Zeta Function and the distribution of primes, Prime Number 
Theorem, Riemann’s Hypothesis. The Generalized Riemann's Hypothesis and its link with public-key 
encryption schemes. 
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 Digital identity: enrollment, authentication, and all that  
 
- Lecturers: Roberto Carbone, Silvio Ranise, Giada Sciarretta (FBK and University of Trento).  
- Period: April - June 2022. 
- Venue: University of Trento.  
- Course : specific course for the doctoral school.  
- Indicative number of academic hours: 20.  
- Scientific Sector: INF/01 Computer Science. 
- Examiner: Roberto Zunino. 
- Assessment method: small project or seminar about relevant literature.  
- 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. 
Tentative program:  
1. 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). 
2. 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). 
3. Security analysis at work: Carta Identità Digitale 3.0 and Cartella Clinica del Cittadino (TreC).  
 
 

Commutative algebra applied to coding theory, cryptography and algebraic combinatorics  
 
- Lecturer: Carla Mascia. 
- Period: January - March 2022.  
- Venue: University of Trento.  
- Course: specific course for the doctoral school.  
- Indicative number of academic hours: 30. 
- Scientific Sector: MAT/02 Algebra. 
- Examiner: Giancarlo Rinaldo. 
- Assessment method: seminar.  
- Contents: The main purpose of the course is to show how commutative algebra can be exploited to 

address problems arising from several contexts in coding theory, cryptography, and algebraic 
combinatorics.  
One of the major families of post-quantum cryptography is multivariate public-key cryptography, whose 
security is based on the hardness of solving systems of polynomial equations over finite fields. We will 
present some of the most recent schemes. Moreover, we will analyse the complexity of solving polynomial 
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systems, by means of the degree of regularity by Bardet, Faugère, and Salvy, the degree fall by Dubois and 
Gama - Ding, Schmidt and Yang, as well as the so-called witness degree.  
Within coding theory, a classical problem is decoding a linear rank-metric code, which is an instance of 
the MinRank Problem. Again, the complexity bounds come from the afore-mentioned specialized 
approaches and heuristics to this case. 
Another research area in coding theory is that of algebraic geometric codes. A class of them is formed by 
the so-called order domain codes. We will present an application of Hilbert quasi-polynomials to order 
domains, to check if a given code is an order domain.  
On the other hand, we will provide an overview on algebraic attacks on stream ciphers and we will show 
which ciphers have been broken and how. 
Finally, we will introduce combinatorial commutative algebra, by presenting some classes of binomial 
ideals, such as binomial edge ideals and ideals generated by adjacent 2-minors. 

 
 
Advanced Commutative Algebra 
 
- Lecturer: Alessandra Bernardi. 
- Period: II semester.  
- Venue: University of Trento.  
- Course: borrowed from the Master's Degree. 
- Indicative number of academic hours: 42. 
- Scientific Sector: MAT/02 Algebra. 
- Examiner: Alessandra Bernardi. 
- Assessment method: Oral exam. 
- Contents: The commutative algebra is an extremely versatile discipline. In addition to being itself a field 

of research in mathematics both classical and contemporary, it has important consequences both in 
computational framework that on the foundations of modern algebraic geometry, not to mention the 
recent uses in the application environment. 

 The purpose of this course is to provide a good understanding of the foundations of modern commutative 
algebra with a particular focus on computational methods and its use in algebraic geometry. 

 The final part of the course will introduce students to the most recent applications.  
 
 
Advanced Number Theory 
 
- Lecturer: Nadir Murru.  
- Period: II semester. 
- Venue: University of Trento. 
- Course: borrowed from the Master's Degree. 
- Indicative number of academic hours: 42. 
- Scientific Sector: MAT/02 Algebra. 
- Examiner: Nadir Murru. 
- Assessment method: seminar. 
- Contents: Prime numbers (Fermat and Mersenne numbers) and linear recurrent sequences (Lucas 

sequences and primality criteria) factorization’s method (Fermat’s idea, Quadratic sieve and general 
number field sieve) elliptic curves (supersingular and pairings) continued fractions. 
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Homological Algebra 
 

- Lecturer: Lidia Angeleri. 
- Period: II semester. 
- Venue: University of Verona. 
- Course: borrowed from Laurea Magistrale Verona. 
- Indicative number of academic hours: 40. 
- Scientific Sector: MAT/02 Algebra. 
- Examiner: Lidia Angeleri. 
- Assessment method: This is seminar course. Students actively participate in the course and deliver a 

seminar talk. 
- Contents: The course will focus on homological methods such as persistent homology that are applied in 

topological data analysis. After some introductory lectures providing the necessary background from the 
representation theory of finite dimensional algebras, we will discuss recent results on decomposition of 
persistence modules. Prerequisites: basic knowledge of module theory and homological algebra. 

 
 
Algebraic Geometry I 
 
- Lecturer: Edoardo Ballico. 
- Period: First semester (November-December for Doctoral Students). 
- Venue: University of Trento, Aula A219. 
- Course: borrowed from the Master's Degree. 
- Indicative number of academic hours: 42 for student of Master Degree, 30 (advanced part) for doctoral 

students (plus 70 hours of self-study). 
- Scientific Sector: MAT/03 Geometry. 
- Examiner: Edoardo Ballico. 
- Assessment method: oral exam. 
- Contents: The main definitions of Algebraic Geometry (Shafarevich Ch 1,2,4,5, first two sections of Ch. 6). 

Introduction to Algebraic curves (Fulton's book) (Riemann-Roch and its applications, canonical systems, 
plane curves and space curves). General theorems for quasi-projective varieties (finite and projective 
maps, their closeness, smoothness and flatness). Examples. Introduction to schemes. 

 
 
Advanced Coding and Criptography 
 
- Lecturer: Edoardo Ballico. 
- Period: two months in one of the two semesters. 
- Venue: University of Trento. 
- Course: borrowed from the Master's Degree. 
- Indicative number of academic hours: 20 hours for doctoral students (plus 70 hours of self-study). 
- Scientific Sector: MAT/02 Algebra, MAT/03 Geometry. 
- Examiner: Edoardo Ballico. 
- Assessment method: oral exam. 
- Contents: The doctoral student should choose one of the following topics covered in both semesters: 

1. Goppa codes and codes obtained by Algebraic Geometric Methods (Codes from Algebraic Curves and 
evaluation codes from higher dimensional algebraic varieties). 
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2. Elliptic curve cryptography. 
3. Post quantum cryptography using supersingular elliptic curves. 
4. Post quantum cryptography using lattices and their metrical properties. 
5. Computational Complexity. 
6. Boolean functions. 

 
 
Perverse sheaves and intersection cohomology 
 
- Lecturer: Camilla Felisetti. 
- Period: February-May. 
- Venue: in presence or online. 
- Course: specific for the doctoral school. 
- Indicative number of academic hours: 30. 
- Scientific Sector: MAT/03 Geometry. 
- Examiners: Camilla Felisetti - Claudio Fontanari. 
- Assessment method: oral exam. 
- Contents: Perverse sheaves provide a powerful tool for understanding the topology of algebraic varieties 

and the behavior of maps between them. The goal of this course is to introduce non experts to 
intersection cohomology and perverse sheaves. After presenting intersection cohomology from a 
topological point of view, I will explain their sheaf theoretic definition, together with some necessary 
formalism of derived categories in some particular setting. While it is not in the scope of the course to 
provide all detailed proofs, instead numerous examples and exercises will be presented to let students 
grasp the main ideas of the theory. 

 
 
Selected topics in Geometry and Topology 
 
- Lecturer: Paolo Ghiggini (CNRS, Université de Nantes). 
- Period: From the 26th of April to the 31h of May. 
- Venue: University of Trento. 
- Course: borrowed by the Pdh.D school in Physics. 
- Indicative number of academic hours: 24-30. 
- Scientific Sector: MAT/03 Geometry. 
- Examiner: Roberto Pignatelli. 
- Assessment method: oral examination on the contents of the course or a seminar on a related topic. 
- Contents: The course will be a fast and rather informal introduction to differential topology and 

Riemannian geometry. Covered topics will include differentiable manifolds, Riemannian metrics, 
geodesics, vector bundles, connections and curvature, and characteristic classes. 

 
 
Geometry and Topology for Data Analysis 
 
- Lecturer: Alessandro Oneto. 
- Period: Second semester. 
- Venue: University of Trento. 
- Course: borrowed from the Master's Degree. 
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- Number of academic hours: 42 hours (for master students), 30 hours (advanced part, for doctoral 
students). 

- Scientific Sector: MAT/03 Geometry. 
- Examiner: Alessandro Oneto. 
- Assessment Method: Seminar on research paper or project presentation. 
- Contents: The goal is to offer an introduction to computational algebraic topology and algebraic 

geometry, with the emphasis on applications to data analysis. The course will be divided in two main 
parts: 
1. Introduction to Algebraic Topology. Simplicial complexes. Definition of simplicial homology groups 

with coefficients in Z_2. Induced maps in homology. Relative homology. Exact sequences. Exact 
sequence of a pair. Mayer-Vietoris exact sequence. Exercises of homology computations. Persistent 
homology. Simplicial cohomology. 

2. Introduction to (numerical) algebraic geometry. 
3. Introduction to algebraic geometry. Ideals and varieties. "Nullstellensatz" and Zariski topology. 

Projective space and projective varieties. 
4. Introduction to numerical algebraic geometry. Homotopy continuation methods for the solution of 

polynomial systems. 
 
 
Algebraic Geometry 
 
- Lecturer: Luis Eduardo Solá Conde. 
- Period: February-May 2022. 
- Venue: University of Trento. 
- Course: borrowed from the Master's Degree. 
- Indicative number of academic hours: 42 for students of Master Degree, 30 (advanced part) for doctoral 

students. 
- Scientific Sector: MAT/03 Geometry. 
- 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. 
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Mathematical Programming 
 
- Lecturer: Prof. Romeo Rizzi, and Dott. Matteo Zavatteri. 

Period: January 20 - February 10, 2022.  
More details will be maintained and updated on the Professors: R. Rizzi (University of Verona) for the 
main module (20 hours), M. Zavatteri (University of Verona) for the practical module on modeling (12 
hours). Telegram group of the course. 
Indicative number of academic hours: 32 hours. 
Scientific Sector: MAT/09 Ricerca Operativa. 
Venue: the meetings of the main module will take place in Povo, Covid allowing, otherwise in telematic. 
The meetings of the practical module will take place in Verona (Department of Informatics, Borgo Roma), 
Covid allowing, otherwise in telematic. In any case, all meetings will go out in streaming and also get 
recorded to remain available. Moreover, the commitment on our side is to make the meetings as 
interactive as possible starting from the students participating from remote. 

- Assessment Method: besides actively 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 for the algorithmic problems from the main part of the 
course. Simple AMPL-GMPL for the practical modeling part of the course. The programming will not be 
your problem even if you are new to it. If so, it will be a good occasion to get some confidence with 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 immediate validation and feedback. You’ll need to solve problems 
employing recursion, dynamic programming, hints and/or proofs discussed during the class. 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). 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 its links with other fields 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. 
Program of the main module: 
– Good characterizations, recursion, and Dynamic Programming (DP): 

1. good conjectures, their flavour, and how to prove them; 
2. rom recursion/induction to dynamic programming. 

– Introduction to Linear Programming (LP): 
1. LP problems and ILP problems, a computational complexity perspective 
2. the simplex method; 
3. duality theory; 
4. complementary slackness; 
5. economic interpretation. 

– 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; 



 

 

 Corso di Dottorato in Matematica  

 

18 
 

Program of the practical module offering an hands-on introduction to mathematical modeling: 
1. modeling your problem as an LP problem; 
2. modeling your problem as an ILP problem;  
3. modeling through AMPL/GMPL; 
4. Constraint Programming (brief theory and the minizinc constraint modeling language).  

 
 
Geometric Measure Theory 
 
- Lecturer: Andrea Marchese. 
-  Period: February-May 2022. 
-  Venue: University of Trento. 
-  Course: borrowed from the Master's Degree. 
-  Indicative number of academic hours: 42. 
-  Scientific Sector: MAT/05 Analisi Matematica. 
-  Examiner: Andrea Marchese. 
-  Assessment method: Seminar or oral exam. 
-  Contents: the course will provide the students with the basic tools in geometric measure theory, with 

focus on the study of minimal surfaces, via the theory of rectifiable sets and of other extensions of the 
concept of smooth surface, such as normal and integral currents. The topics treated in the course include: 

 1. Preliminaries on measure theory; 
 2. Besicovitch and Vitali covering theorems and differentiation of Radon measures; 
 3. Hausdorff measures, fractal sets, and fine properties of Lipschitz functions; 
 4. Rectifiable sets, their geometric properties and characterizations; 
 5. Introduction to the theory of normal and integral currents and solution to the Plateau's problem. 
 
 
Regularity theory for Lambda minimizers of the perimeter 
 
- Lecturer: Giorgio Saracco. 
- Period: January - March 2022. 
- Venue: University of Trento. 
- Course: Specific for the doctoral school. 
- Indicative number of academic hours: 28. 
- Scientific Sector: Analisi Matematica MAT/05. 
- Examiner: Giorgio Saracco. 
- Assessment method: Oral interview. 
- Contents:  
 1 .review of the theory of sets of finite perimeter; 
 2. partial regularity theory for the Lambda-minimizers of the perimeter; 
 3. sketch of the proof of the full regularity in lower dimensions If time allows; 
 4. tangentiality of Lambda-minimizers inside Omega to the boundary of Omega; 
 5. monotonicity formulas & density estimates for omega-minimizers of the perimeter. 
- Note: the course will start if at least two students enroll. 
 


